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On Metallic Colloids and Their Bactericidal Properties* 



The History of Collosols 

By Henry Crookcs 



Man Is always llubtlutr u gainst (MM ttm. In III* 
mrdiu-inl ages a apuestlou was ufteu discussed, vltr., 
"How many angels enu atund ou the |s>lnt of a WinStar* 
If Instead of angel* we say "devllB'* of "oikTotiea" — 
and devils are only angels of ownsdia polarity -the sub 
Ject MB be brought more dearly to our ever? -day com- 
prehension- Microbes of disease an- the "lU'Ttla" that 
medical science U always warring against; they are no 
«mall aa to be Invisible lo the naked eye, and, la fuel, 
cau ouly be aecu under a litgb-*H>wcr tolcrowcuiM? — aboui 
1,000 ran bo placed on I be point of a very fitse ueedie. 
Modern sck'ls-e bus. In spite of Ibolr lulnutnicsa, (annul 
lha-m. Identified ihrin, pbaatngraphed. Isolated, cultivated, 
ami anally devised incut. •< of killing tliem. The simplest 
mcllusl of killing mlcrms-a la by Hie application of 
heal : sunlight ha a also been found lo be a very clnrlrtit 
aterlllxliig auenL Various *H a 1 n frT*t lTrt*l, *ueli aa carbolic 
acid, chloride of linn-, perinilliiiatiule of isilush, He 
have been proved lo Im- deadly to micro Ian. tutor 
Innately for ua hamuli beings, nearly every efficient, 
germicide known until recently ban an Irritating or rte. 
structlre action on living organic tlaauea. The dream 
of the doctor baa been to Hud an agent that will kill 
dataMse, or, In other words, tiuctcrla. and will at the 
name time do no barm to the tissues of tbe human body. 
Immediately following tbe discovery of radium It wax 
found that the emanations from that wonderful eleineut 
bad n very strong grnnictilal action, but almost at the 
aatne time It waa noticed Ibat a very serious burning 
effect on tbe akin and flesh waa also produced. 

In June. 1903. I exhibited at the Knynl Society a 
uumlier of plate cultures and ptiutuarupha, llln.it ratitii 
tbe gertukidal action of radium emuluitlotM on several 
forma of microbes, Tbe radium ru>a undoubtedly kill 
tbe bderobes, but at the aatne time, unless administered 
with the must acrupulona care, they also kill, or aara 
Bp. the living tissues of the Issly. 

Tbe milium emanations are doe to the Us-uklug aluwn 
of tbe atom of rndluin, and electron* are constantly ») 
lug off with about two thirds the speed of light < IN2.000 
miles per second). Those electrons are now looked upon 
na la-lug absolute units of lu-gathe electricity. To try 
and illustrate their size Is difficult; Imagine one drop or 
water magnified to the site of the earth (8.000 mllea 
diameter) ; tin atom would tlien be alnsut the bIkc of a 
walnut or u cricket-ball. Now magnify the cricket-ball 
or atom to a cube of about luu fistt each able; tile elec- 
tron would he atiialt lite slue of this dot 4. 1 1 1/inoth of 
1 Inch diameter). Tbe mind cannot conceive such 
figures. 

About tltat time (100*1), or shortly afterward, the 
attention of medical toeii was directed In a critical 
scientific manner, alatrt from tntdllion and cmi-lriclstu, 
to tbe curative effect of certain waters from mineral 
springs. Laborious research on the i-art of many work- 
era baa revealed tbe fact that these curative waters 
contain a number of extremely small metallic particles, 
endowed with continuous, rapid, oscillatory movement 
known as the "Itrownlnn movement." 

Tula condition under which these particles are pres- 
ent la known as the "colloidal" condition. The word 
"colloidal" la really a misnomer, but it has gained cur- 
rency by long nan. Tbe actual state In which these par- 
ticles exist la that of extreme minuteness; they remain 
In ssjaiw-naiofi. being kept up by the continuous midcc- 
ular tssatbnntment of the surrounding IU|nld. Natural 
waters contain Ibeae metallic isirticles In comparative 
small numbers, and the problem arose bow to Increase 
tbe number and thus tbe efficiency of these particles In 
a solution. One method, known as Hnsllg** method, of 
effecting this result was by using a high-tension disrup- 
tive electric spark under water, between |wdes of lite 
metal to be dealt with. Solution* containing an almost 
Incredible number of particles of metal were prepared 
by tbese mean*, and It waa scam round that these 
llajuiil* had a very high germicidal tower. After a time 
It gradually hecatno evltlont that these electric colloids, 
aa the solutions were called, could not be depended 
upou ; they were not stable and wen- broken down by 
tbe presence of electrolytes. The next problem was that 
of stabilizing these colloidal solutions As the work era 
Increased In number the proposed moth-sis multiplied. 
Organic compounds of metals were introduced, but all 
bad drawback*, such as non stability. Irritation, caustic 
effect, etc. 

A few years later, during a research I was engaged 
In, I noticed a peculiar action of some metals In Inhibit- 
ing the growth of bacteria in their neighborhood; aa a 



mult of further work In folkwlng up this <|uesl!on 1 
exhibited a number of living cultures and photographs 
of my cxpcrttnctits at the lloynl Society ami at the 
Itnyal 1—HlgflHI in May and Juts'. 1011. Tbe germi- 
cidal action of metals in these cxis-rliocuts I-. nt Arst 
sight, very similar to the observed germicidal action of 
radium, but with this ennrtuous and Important differ- 
ence, that whereas rndluin kilts utsl destroys Ibe flesh 
us well as the bacteria, the other metals (In what Is 
now called the colloidal state) kill the bacteria only, 
and exercise a bland and sis.lhing effect ou Ibe unttnul 
llsMKrv 

Alter further work on Ibe *uh)ecl, entailing about 
2.ms> experiments, I was able to produce a harmless 
liquid containing metallic lot r tick's lu susiariislon. el - 
dowed with tile above described "llrowniun" movement. 
1 have called these preparations "ToUoaolK." Tbe germi- 
cidal action of colloid metals lu suspension has been 
known for some time, os-aarlatly during the last seven 
or eight years, lu connection with medical and theru 
la-title work; tint the great drawback la all previous 
preparations of Ibis character, as lias already been 
pointed mil. Is that tl) they are not stable by them- 
selves; (21 they break down iusuiully wbeu introduced 
into a lu-uld containing even a small proportion of com- 
mon salt, such aa the blood (containing 0.7 per cent 
nail}, and ure therefore useless for the human body; 
(3) they are nearly all Irritating to the iiuliual tissues. 
"Csillosols" have none of these drawbacks; they are per- 
mancntly stable, they do not Irritate the tissues, salt 




• Pager r— "I hrfasre th> IUar«l Society of alcuKlor-. April ttb, 
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Photographs illustrating the preservative effects of 
'■I'nllnsol Argentina. " 

Two plates of aulrleal gslatlu »i|a***d us Hie wtnOWwslll 
fo# half aa hoar. No, I bad own covered orcvlouily with 
"Collosol Ar-rerjturu" fur flva aslaates; No. II wss uu 
trcalml; both plsli-s a#r» luruhaUfl for forty-el|tit hours 
at 20 <leg. OaM No- I Is sterile. No. II euntalai sburit 
XM) ailcrulHs. 

<hs-s not break them down, and tbey contain so small a 
proportion of metal, via., I In 2,000, that even ■ poison- 
ous liasly like araenlrcaii be used with Impunity. Well- 
known medical meu have stated confidently that tin* 
dose la unlimited, as only the bacteria and ferments a.'e 
killed. 

ColUwols can be -applied topically as a lotion, by Intra- 
muscular or lutruveuoua lujeclhsns, or by the mouth, 
atsl from numerous trials made by a large number of 
mistical men, as well aa from very many lalsrrutory 
ex|acrlmcnta. It has been prov«sl conclusively tltat there 
la no microbe that can withstand the action of collosols, 
when properly • .u. I be nuire than a few mlnntea. 

Silver ami mercury "<'aillai^,|," of IIk- uortnnl strength 
(1 In 'J.roitl) were alllutrsl with nine times Us* iiunnllty 
of nutrient brotli 1 1 In Ai.000). aud lo cable reuilmetera 
of this mixture were Infected with two loopfula of a 
ligop-uis culture of 0. cajl i-ontmanHr; after shaking, au 
as ta> mix thoroughly, streak cultures were made ijulckly 
on agar philes, the first within 10 seconds, then at 2, 4, 
il. M, and 10>mlnute Intervals. These plates were Incn- 

1 "I -i' .:■ 1 f"i- ( r", etgtil li i - * : . m-l gave 

l he following results : 
silver .11. ....l" (1 In 'jn.nod) with B. calf r«nnti. 
a\fler Ht seconds (Inawlb. 
11 minutes 
4 " 
"8 "No graawth. 
8 " 
10 

M.-ri-tir.a l\dlcesd" (1 In 2H.0O(li with ff. roll rom- 
mmmit: 

After If seconds— Oniwlh. 

2 lulnutea— No graawth 
t 

" tl 



lai 



tin euch case llu- blank or casntnit streak gave a 
vigorous growth.) 

Thi'se exlaerltnenta were re|swt«sl with silver and 
mercury "t 'ollosols" at the normal strength of 1 pun in 
aVMM In every case If. coli avamuiuiil/i iaat« killitl m'tnin 
tin >i-cosris. ibe ouly growth ou (he agar plates la-lug 
Mm... nt the untreated cuutrol streaks. Several com- 
parative tests were made with the yfUiMttvnu grown am 
agar plates smeared with fresh blissl, with the i»ual 
precautions A plate showing a vigorous growth and 
auswerlng lo the typical tests (that Is. Oram ueaativa-. 
no growth ou gelatin or agar at 20 <leg. tVnt. wllbastt 
fn-di bluod, but rlsonuss growth at 37 deg. t'cul. on 
agar with fresh Masai, and displaying the well kmawn 
ifinJfKvjfcffs In pus oolls i was swatu|ssl with "Ootloaol" 
sllrer for two mlnuta-n, after which time streak cultures 
uete taken utsl trjuspiauteil lo agar plates smeared 
with fresh blassl as before, at intervals of 2, 4, B. li, and 
10 lulnutea, and Incubated lu the usual way at 37 deg. 
1'enL UtAutl \o j/roirlh ir*ar/*raa. 

I have carried out many series of ex|Matiments similar 
lu this; for Instance, with a yoong vigorous growth of 
« luficira/oaris. I found that with "Collosor silver (1 
lu 2,i»bji It was killed in four minutes. With t*l«nn» 
Jaacoreas piroj-rars, various Mrcplvcucci, and other patho- 
genic organisms, I find that all are killed lu three or 
four minutes; In fact. / •mow of no microbe raaf Is sol 
klttrtl in /aifaraifa/ru rxjwTtmcs/s In air muiufra, 

It will Is- argued that latsiratory ex|s*rimeuls are not 
of much mil*', because of the very different conditions 
in w lileh Isxctetia exist In tbe human body ; tbe aiarwer 
lo this objection I* that with a safe bactericide, such as 
CollosoK of wbicb tbe dose Is unllmltisl, large ajuabtl- 
lies. such as aaie pint or more, cau lie Injected lutra- 
venottsly I this has been done thousand* of times with 
other liquids), and It 1s well known that a lluld in- 
jected Intai the t.aaly stain spreads throughout the wbide 
system, lu soma' clrcumst.-iui'es It Is ib*-alnttate and eren 
Imisartiint lo apply colltdd metals, not only Internally 
but locally, such as lu the cose of a diseased jidut con- 
taining Incapsulaled tmcterla Isucu as tbe pwsorvxvu* 
or If. tahcrcu/ovis). I have shown tltat this can be done 
by means of a very small electric current of about 90 
to 40 lullliamperes with all I- M. V, of alastt M 
volts. 

Two blocks of sajlld nutrient gelatin wore prciKlreal. 2 
Inches diameter and 1 Inch thick. A current of 35 tnllll- 
amperes was ]ai«sed througli one of these A by melius 
of silver |s>le plates 1 »^ luchea agunn*. eovensl with 
ditntH'l Hi-sked In silver collosol ; the current. oblaln**d 
from a nxslic-al buttery of 24 dry cells, waa kept on for 
20 minute*. Hie negative |»le being placed on tbe top. 
Tlie other block ff waa arranged In exactly the same 
manner, and left for 20 minutes, bat no current was 
passed stab cultures of B. coil cvmnunia were made 
vertically through tlie center of each block. Three days 
afterward I noticed a growth along the Hue of the 
slab*, and lu order to examine these tmare Hasety I 
made a vertical anctlon of each block close lo the slab. 
I then observed that In block B without current them 
was a vigorous growth of It. roll throughout tlie length 
of the stab, right up to tbe surface: whereas. In block 
A with current, there was im growth at the surface, nor 
for tbe top eighth of an Inch, and below that only a 
feeble growth for the rest of the line of stab. This 
proves that the in-gatlva- aurra-tit aaf 'to uilltlain|ieres had 
driven the colloidal lartlcles of silver Into the ttelallu, 
where tbey were able to continue their germleblal ac- 
tivity, and that the pnrtk'les did not soak Into the 
gelatin lo any appreciable exlent. without tbe driving 
action of tbe electric current. 

To show that medical electric currents do not break 
down collosols, I passed a current of 40 niHIIaiulrehm 
fra>m tbe same 24 cells through 10 amnees of t'olluwut 
Argefilum contained In a glass vc***-) for nisi hour. The 
sume silver pole plates 114 Inches sfpiare were used, and 
were keisl about 2 Inches apart. After turning off the 
current the collosol was exnuiitiisl under the ultra- 

lillaTaia-a ,.|. Ilia! It avili observed I ill T 1,11 elktaP al ttU 

"llrowniun" movement had taken place. 

.Much has been said as to the theory of this killing 
action. How la It brought about'* With regnral to the 
radium rmnuntlians It Is uiidoubfcall.v 11 kin !•• burning ; 
radium sores tire In a way similar bj burns but take 
very much longer to heal, t lira 1 lolet light, even at the 
temperature or lli|ukl air (— 1S1 deg font.) has appar- 
ently u dlsruiitlve or bursting aetloti, 

It seems probable that the action of colloid metallic 
particles lu killing bacteria la due lo another cause. 
Assuming, us seems reusouuble. and as baa been deB- 
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nicely muted by some writers, that each metallic col- 
loiital particle farrlet) a charge of electricity, tho»* par- 



measured lu terma uf a* {1/1,000,000 of a millimeter). 
According to Sfcdgmondy. iMirllrles of more than Oft or 



tlie same manner— negative, for example. In the e 
silver — noil arc therefore mutually repelled. bi> tl 
spite of their constant and exceedingly art Ire 
■nent (about <X0U0 limes Ibelr own diameter per sec- 
ond), they do ni>t and cannot toueb racb other, and thus 
do not lixse their eluirge. If, however, a foreign neutral 
bod}- (aurh as a laicrulxc) eaters tbe aolutUm. thejie dee- 
trllted particles are not repelled (mm It automatically, 
but amy even be attracted to II If it hii|i|ieu» to carry 
a charge of the o|>i«*itc polarity by the action of »n- 
sorption ; In nny case, being of tnuoti grculer mans, tlte 
microbe will receive the cliarjees of nian.v thousand* 'ir 
mllllona of particles of metal, and tbls may very con- 
ceivably account for list death. 

Raeterla are measured under the ink'ri<wv)ie in terms 
Of a (l/l.OWIh of a millimeter), and tbe average alxo 
of a coccus mar tw taken »* 1 » diameter, or In the r«ae 
of bneiill 1 * la length. The nite of colMdul metallic 
particle* U. however, rery mueb smaller, and they are 



than 3 nr I w hi newt lie seen under the nllruraiero- 
acope, even with bright sunlight as tbe Ulumlnaut. Thus 
the proportionate size of a rate robe nod the smallcat 
visible metallic colloid particle la about 33(1:1, or to 
Ctve it iiofiutar example, their relative ahces are aa tbe 
clephiiDt III the Natural History Muxeuto compared with 
tbe abrew mouse underneath. 

•ITie number uf colloidal particles In a lli|uld contain- 
ing 005 gramme of told i»r liter, or 0.005 per cent, la. 



meter: aasuniiug each iiortlele to he 15 diameter, 
owing to tbe difference In siicclflc gravity, there would 
I** aU.ait double the number of particles of allver, Aa 
r'ollnaol Areejilum contain* O.tfl per cent— or ten times 
Hie amount of /aiginmdy'a typical solution— the num- 
I«t of particles present would be. In round : 

of IS 



All Illustration of tlie protective value of "\>H<»«aV 
U shown In Iwo ittiutograph* (l-'lpi. I nml 2>. Tiro 
plate, of nutnetit gcbilln pe|Htone, A and II. were cm- 
l«Hed on the wlndow-alli for halt au hour. A bad lain 
prorloualy washed with Collosol Argcntum, ft waa un- 
treated. Both p La tea were then placed lu the incubator 
at 20 deic Ont for 4S hogra. It will he seen that A la 
sterile, while B contains about 3SU colonies of microbe* 
It must be admltteil that about an equal number of 
nwt will have fallen on tbe two platen 
of ex|awure side by aide; the result 
the nil., of colloidal metala In the form of "Col- 
' aa a protecllre aeeut tn dreaalnic wonuda after 
o]a>ratlikiia, and nlao alt smaller acralrbea. wounds, and 
aorea on the body, 

With reference to the mialtcal employment of these 
pre(Miratlona. ray toed loll nnd other frleuda have, dur- 
InK the past two and one half years. fnrtilslMal me with 

to ' 
trial by the i 

profession. It Is to la- ho|>cd that they will receive the 
i which they i 



I Law. 

The averse* ednratod man of the |vri-«-nt ace pnibublv 
believea that, while it ha« lone ain™ lK>mni<' impomilJe 
to draw a deinarkatJon Line la.'tseen oncaale arid inortranie 
eompounda, the ireiierul laws uf ebeiuiAlry euniHit 1^ *)k 
pliod to the phyaioUiaiesl problems aAVetinjf livtnjr or- 
canlanai. The arctiinen t that vi tal force is not m«<ehanical 
or chemical force, ia cvinaidered Biifllcii nt w tcriiu'nBto 
any disnisaion of attempts to solve lira problem aa ti> the 
ocieiu of life on Eencra! ai^ientific linen. Hundreds of or- 
ganic com)K>unda have Iwvn prepared syntbeticaUy from 
substances which can tlLemselvcs be laiilt up in Uie 
laboratory from the chemical elements. But it is rightly 
objected that the melbuda applied differ radically from 
those with which Nature works. If a particular otvuuic 
in tbe lala>ratory by aub- 
i to the action of strong acids 
and to hajfh temnnraturea and prisrtiree, Utat form of 
syntheala oeTtaioly does not tdl us anything as to tbe 
way in which tbe plant assimilated its food and prepared 
that particular salwunce. It would be wronj; lo claim 
any analogy in such inatanrc. Hut we krs»w ikiw, f«*r 
IliKtancc. t-li^l iIil- abstraction of tile carl Kin ilioxide Trom 
the air. and the restoration ta? oxygen to tbe air. can be 
effected by ultra-violet light, without the intervention 
of plant chharophyl, hitherto deemed indispensable, and 
experimental science aoems to have auAiuieiitly adtauo«*d 
tn aatrrt that tbe general lawn of chemutry and bio- 
chemistry are identical, instead of being opjwiaod to one 



To |arove this waa the aim which IViaf. Svnnto Arr- 
heniiis, Din-ctor of the Nobel Inaututo of Phynical 
Chemistry at Stockholm, bail ai^t himself in delivering 
tbnai Tyndall lectures on "Identity of I -as* in General 
and BioUigimal Chemiatry," at the Royal Institution, on 
the three Thursdays before Whitsuntide. lVof. Arr- 
lumiua baa hlmaolf chietly invcsUgatod this fl<Jd of late. 
We cannot follow hint into the details of tln>« reaearebes; 
but we will n:fer to tho chief reaului. He Nhowed in the 
Ont lecture that certaio ehcrnieai reactions had l«f«n ob- 
flerved which seemed to be, toeompatibte with tbe tawa 
uf generaj chemiatry, but which had their analogins in 
laioehenusUry. The difuculties in the latu* caaea were 
not cbaracteristie of vital procctaes. as had 
id the chemical study threw uglit on the 
nieal proceaaea, and net nru, Id the oiagulutein 
of proteins and in the decay of organic imbalances, for 
instance, the catalytic effects mainly depended upon ilie 
presmcti of hydrogen or of Jiydnixyl iitim. uiol tdiw ns^iitt 
depemled upon thu prvnence of amall tnwi h of acids or 
hasen. Tbe acidity ebouged during the progress of the 
decay, tlie character of tho digestion (by means of pepsin) 
ehangaal with it, ao that thu dujwtion did not proceed 
propurtionsily to the lime, but proportionally to the 
square root of tbe timo, just as in tbo analogous chemical 
caae of the action of amnvonia ou ctbyl acetate; tbe 
products of this reaction were ammonium ueetate and 
aleoliol. The peeiiliar deviation from thr. general laws 
In the inversion of cane-sugar by Die aid of invertaae 
(the yeast enzyme) was a similar ease. 

These, digestion experiments, etc., had been made in 
ritfo. in glass vessels. In tbe living lwdy the reactions 
were more complicated, hut they followed tlie same laws. 
That had la-i-u proved from tlie inversion of cane-sugar 
by living yeast-celU and by digestion uxperiments with 
dogs, studied esptaiially in St. IVtershurg by Pawlow and 
his pupils. We coufc-a that »e were much more struck, 
by the gcncirul rcguUrity aiul rimilaxity of the digestion 
curves than by certain irregubiritiea to which Pr<if. 
Arrhenius directed attention; i.Tiimidentu, p tbul -m many 
aa forty fistula) were pbe-ed ill the alimentary duets of 
the aaiue dog, one could only wonder that normal tvwilt* 
btained at alL But the fermentation of milk by 
^^^ca^ctmnof 



the same laws, and the inllurm «• uf a temperature rise of 
a few di-grees was as remnrkahUi as in many chemical 
experiments. Kvcn the poasihjlity of the synthetieal 
building up of organic Mibatancve by tlie aid of enxymea 
ha<l Anally lnr«]i demonstrateil. l"rof Arrhenius explained 
In tlte third leeturc. Kniymes, aa a rule, broke up com- 
plex compound* into oon>|a>und8 of aimpler eoustilutlon. 
In 1S°8, Van't Holt Itad predic ted that it should be 
poaallJe to build the original suliatanc* up again by the 
action on Ibe dnenmpoeitton pruducta of tlie same 
enxymea aldch had effceted tlie decumjiosition; the con- 
firmation of this prediction bad long been delayed, hut 
hail been ronlixod quite recently. When oaacin was 
dceomivined by pepsin, e. g., and the pepsin afterward 
allused to act on the resulting albumoeca, a protein »ob- 
ston.v had in«leed been obtained, but it waa not Ibe 
original ea*eiu; the auecrsa bad thcrn'ore only been 
partial so far. 

Again, the lecturer continued, the equilibrium laaa 
eonoerning tbe partition of a aubstanee between tbe 
differejit solvents or auhstanecs with whieh it could react 
were not different for gi-m raj cheinutry and for bl"- 
vbenuatry. It liad, for iiwtanoc, long been known that 
blood corpuscles took up a very much larger inoportion 
of certain «n!ts or poisons loan the blood acnim; hut 
aittularenoruious diffrreners were observed when diffeceut 
salts were brought into mixtures of acetone and alcohol, 
for instance. Tbua the blood cxirpuselc* took up 4S0 
tlmea aa much silver nitrate, 590 times as much acetic 
acid, 750 thnni aa much cauatie soda, and mure than 
2,000 times aa much mercuric ddoride (one of the moat 
deadly poisons] as tbe so-called phyaiologlcal salt solution 
((1.9 per cent solution of aodJum chloride in water) did. 
Tlwaie researches liad a v*>ry important hearing on the 
action uf poisons, on the one hand, and on the immuniza- 
tion against bacUYtal or other poisons, on tbe other. 
Tile diphtheria poison, or toxin, was neutralized in tbe 
system by the antitoxin injected, just aa a base was 
neutralized by an acid. The peculiar plieitoineua of 
hferuolyala and precipitations (in/ectiog the blood of ono 
a n i ma l into another), even the peculiar immunity phe- 
nomena oontu<'led with the names of Khrlich and of 
Danysx, had Uieir parallels in ordinary chemiatry'; lb" 
growth and dcelino of a fever guv* tbe same curve aa 
the growth and decline of tho respective bacteria; and 
both tlie active immunity (secured by the injnetion nt 
an anti-toxin) and tbe paastve immunity (by Injection 
of a weak culture of the same bacterium, ax In \ ace-inaiion 
mniiut !tmiilb|xi.\ and agaiiuit rabies) could be aecounhal 
for on general lima. Though, llu-refure. science remains 
far rr "'" v " d I ^ f ,n A ^ i e*" iui, ' t J r "* "plau-ung vital 

r ».d case f.W his claims as to the identity of theVvra o" 
geni ral cltcmiitry aiid of i 



Man and the Mammoth in America- 

My Gearg* Frederick Wright 

Tins recent discovory of a well-prcaerved akeleton of 
JtfaiamotA amt rtcunum in KarmingtOD. Conn., gives new 
interest to tlie question i»f the coexiatenco of man with 
the mammoth in America, and to the further question 
of the date* of the exUnetiun of the mammoth nod of the 
cJoae of the Glacial period. Tbe discovery was made 
late in Auguat. 101:1. by some Italian workmen who were 
digging a trench on tbe eatatc- of Mrs. A. A. Pope. The 
workmen on sinking tbe skull thought at first that it 
was a tnn trunk, and hence injured it somewhat. On 
discovering tlwir mistake they reported it to Mm. Pope 
as a "black devil." Mrs Po|>e promptly brought it lo 
the attention of Mr. Charles Sehucbcrt uf the Pcabody 
Museum of Vide Uiiivcrsiiy, who bus given an acoounl 
of the discovery io ^ Aimi nlimblu . « ^ A mtrla , a 
Journal of .SVic^,. 

• sbwrtumi tram /tear*. ^ «. ~p*l 



The Imnes were nearly all togellier in the place where 
the animal died, but one of tlie luaks was 2! fait away 
and on ground which waa 2 fret higher than the rest of 
the akrletnn. Though the animal waa not full grown, 
tbe akeleton when mounted will stand about 8 feet 
2 inches at the sbouldu-. with a length of 13 fe*>t 2 inches 
from the tip of the prcmaxiilary lavne to the curve uf 
like tail, 

Special interest ill this discovery i« aroused by tbe 
evidence it gives of the n^mt extinction of the mam- 
moth In North America, aud of its bctivt a contemporary 
here with man. Kvidentiy tlie animal und<T considera- 
tion was entombed shortly after the vanishing of the ice 
sheet from the highlands of Connecticut ; for the 
skeleton was found Lu a shallow troagb (or kettle hole) 
on the surface of tbo 'till," or direct glacial deposit. As 
no organic matter or oxidised till was found beneath the 
skelcUm, and aa very little vegetal matter is seen in the 
bouldcrles* clay surrounding tho bones, it is evident that 
the entombment occurred shortly after the ice had with- 
drawn, and before much vegetation had spread over the 
glaciated surface. The animal waa buried by 4 feet of 
clay, over which 18 inche* of turf had accumulated Dr. 
Scbuchert estimate* that the day could bare accumu- 
lated "in a few hundred years, and that the stingy turf 
apparently did not take much more time to form. Then, 
too. the skeleton abows no nuneralizallun nor petrifaction, 
and is but little diaeolured to a light brown by the waters 
ol the awamp." 

This evidence of I 



in the general vicinity, the skeletons of which "look like 
bones buried but a few hundred years," while between 
the ribs of ono of these (tbe Warren skeletou uf the 
American Museum of Natural I If ton') "lay from 4 to IS 
bushels uf vegetable food, largely ooniferoux and much 



of man's coexistence in America with the mam- 
moth, thu recent dale uf these entombments would make 



tlitun contemporary with the various relies of t 
liavti been reported in glacial deposits, 

This evidence, added to that whieh has heretofore been 
adduced' would seem to put tho coexistence of man and 



as the elephant mounds in Ohio and ' 
prehistoric catlinite pipes shaped like t 
in Iowa, give testimony that is 
theory of geological agencies. 

Thus, all over the northern hemisphere evidence point* 
to tbe recent close of the glacial period, and in connection 
with it, or following II. a wholesale destruction of many 
animal species. In North America, the following kinds 
of great quadruped*, disappeared during that period or 
shortly afterward: Camels, llamas, horses, tapirs, masto- 
dons, elephants, and three species of giant sloths, of whieh 
the Aftpufony* is most prominent, tbe latest discovory 
of which has recently been made by Mr. (iallup. in 
Norwalk. Ohio. This like the mammoth in Farmington. 
occurred in a partially filled "kettle hole," left on Uie 
withdrawal uf the continental Ice sheet. 

Aa tbcao remains are found in |aist-glacial deposit* , 
it is evident tbnt the advance of the i-ontioental ice sheet 
was not tbe direct cause of tbe destruction of these 
specJee. But in tbe words uf Prof. Osborn, "It is mom in 
accord with tlie facts to say that the glacial period in 
North America urifnntti ecrf.iia n<u- cvndHinnt uf lift 
which directly or indirectly rentsfZed in rrftncViu-S. Three 
conditions iuchidc diminished herds, enforced migrationx, 
the possible overcrowding of certain southerly areas, 
changed conditiuns uf feeding, disturbances in the period 
of mating and reproduction, now relations with vurnnis 
euemira, aridity, and de/oreatation ; in short, a host of 
indirect causes." (I'as Aft *f MammoU, p. 501.) 
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New Light on the Structure of Matter 

Molecular Architecture Revealed by Roentgen Rays 



Okr of the no out Interesting development* tn modern 
phytic 1^ iIm* recent dl»**itcr> Ibid Ut*-iitgcii ray* ran 

Is- reflected jiik) dtfTnicicd by mean* of crystal*. A* an 

Immediate result or this discovery, 'wi only ha* ihe true 
iiiiitirr i f X ruj * thctnaelve* been learned, but scientists, 
have |m<ii iiMr ti> explore the Inner Mrocturv uf crys- 
tals, learning the arrangement uf. and men -*ti ring IIm* 
distance Mwh'I) tlM> atom* of which ihey are built. It 
even *c-cum a* though we may he able lu prot»e i«iIII 
djfjfJanT by thl* tikcun*. uml And out ltow the atom* them- 
whin are made. 

WHAT A KX X RAVft? 

Tl nil IIm- nature uf X-raya hii* l»een generally mip 

pr.Mil tu la* vim I In r to that of light, that la. ether vibra- 
tion <»f very high frcnjN-ncy, there were those who still 
itrfiiided other in potlieHe* There are certain differ- 
ence* wtiteh wen* hard tn explain. No iaue had been 
ahte to reflect X-rays regularly, a* light I* ivilecled 
from a mlrTor: a diffraction grating bad wrrr beeu 
constructed which would disperse the rays; and the re- 
markable penetrating power of these raya offered a 
-drlklng contrast to the action of light wave*. Tbeao 
Ihlnga eoitld all he explained by su Pluming that the 
Tflftt aTUll of llocntgen rayn wa* extremely short, 
about l/MBKH thnt uf light, but there vrere other hy- 
|m it hoses which arcmisj tu give a fuller explanation of 
some phenomena.' 

The distance between the molecule* In a M>lk1 In atM»ut 
a hundred millionth of a centimeter, and supiawlng the 
wave length of X no * lo I** a tliutasaiidlh lhat of light. 
Iht-w wave* would not l*» very much shorter. So It 
omirrnl lo Prof. Imw lhat. If the molecule* were ur 
rniitfiil regularly, aa they are Id cry Ma la. they onuht to 
ael um a diffraction grating and dlsnerae the rays In 
much (he same way a* ao ordinary diffraction grating 
dbqien*e* light. Messrs, Fried rich and Knlppltig tried 
the exivrliuenl by jussing a flue beam of X rays 
through a crystal of xinc blende, n short distance 
lilml v. r m < li imih pi n*d a photographic plate When UVf 
developed the negative, they found a remarkable group 
of -pi 'H, arranged symmetrically on Tour aide* of Ihe 
<s-ntf;il Image, as In Fig. X The true eiplamitlifi of 
Hiaai afatia was given by Mr. W. U Kragg, He ex- 
plained each spot tm (be photograph* an Mug due to 
Ihe regular rellectbm of the beam of X rnya fn>iu a 
pltitie in tin* i-ryslal. which it i*HiN<elally rich In .r nr. 
rW litslanr**. If tlu* a mow are aming<Ml In a »hnpte 
rvMi itaiiern. an In Klg. I. lite fajal Moiihl jairtlallj 
i . n.H r.»| fr.tiu plniM*H. Hueh a» lbi«e repreaented by 
heavy lliu-c which contain a relatively large number of 
ntoiit*. hat not from planes taken at random, whk'h do 
not Include many atoiua. 

The eleavage fac*» of a cr>«tal la very rich In atoms. 

I TW iWiirr other thua tfce «re th*H»ry wtileb rerelT«! 
mmt nnpimrt wan hb* put fnrainl lij Cr. * w II. ftrncr In 
1910. Armrdlna to Ibta Itirwjr, \ r»r< «rv mrpufM-l^ earh 
n.iuiMMvit of ao rlrrtToa «D«I a* eqaal no«4tlf# charfT- whir* 
travl wllti a*>arly lb* **Mty ut llctil. Thin iWory wnm 
Hoelr lo atvmml foe the fart ikal ihe " « wfr p >l" *r» *m>1ar>' 
m.hatioti l« NMfi than th- "lnrli|<>nt" ratllati4in. when a 
bean of X raja [t*<**r* thr»«rh aaatlef. Kvrn fhU fart, how- 
t«er. *aa atMaro hy I'mf •• w Itlrhardanai to he eoaalateot 
with ia# wara thaary of X ray*. 



By Arthur II. Cooiptoci] PrincetoBp X. J. 

an to (rat hhi explanation Mr. llntgg allowed a beam of 
X-ruya tu fall uu a cleavage face of a crystal, and 
found, aa he had predicted, that an Image was produced 
on the photographic plate at the angle of reflection. Hut 
he noticed lhat aa the angle of Incidence was changed, 
there were certain anglea at which the retU«-tloti wna 
exreiitlomilly strong. Thus, us in Fig. ■">, which n^ire- 
a»»nia tlie Intensity of Ihe re ueri ed (team for dlffenut 
angles, at certain verj dcflrdle j«xltlous tin* rffli*cte<l 
beam Inereuwsl tasdileDly In Intensity. These iMJcdtloraa 
of strong reflection cwiiibl P» cxplatm-d In only <it>e way, 
as real s|Ntiruui lines In Hit* X rn>s -radiation of defj 




Fig. 4. — Diagram illustrating formation of X-ray a|H>c- 
trum produced by reflection from rryatal aurface. 



nlte wavelength. This explanation led at our* to a 
d4*0nlte knowledge of tlw nature of X rays. 

In the ordinary X ray bulb the ray a are produced by 
sboidlng a stream of electrons frmn the eallnsle against 
a tnelal plate. When ihey strike IhU plate lin y »end out 
ttfei r vibrations. It U Just like sJiootlng at a target 
wIlli ii rapid fire gun, the bulb t« replacing the elcclrona, 
ami (he (Miwder the electric Oeld. When each bullet 
atrlkai the target, the sudden slopping of Ita motion 
wnds out a "pulae" uf coinprtwloii through Ihe air 
which reaches our eara ax a Ihnd. If the target is made 
pri>i«rly, It will vibrate when struck, and we hear It 




Fig. A. — Spertram of X-raya from plnliaum large! 
reflecied by cryatal of rock-salt. 



ring. In the same way. when au elerlrmi striken an 
laaaj In the inclul target of tin* X my bulk It l« ami 
denly ».tii>|Hsl. giving Ml an ether "pulse.*' ,\t Ihe 
aauie lime It seta the eleclrona In (he atom Itself to 
vibrating with I heir natural fnspnucy. which la ehnr- 
arterMIc of the pnriU'tiUr atom. Thus the X rnya are 
conuswed of a series «if vrry hUt-ie** imlses, din* to the 
rtilllsbwis of tike elcrtrons, along with one or iwire 
tralua of wavesi of dellnlle wavelength. nius*sl by the 
n^Mnanc* of the electnms In the atoms of the Inrgct. 

When an X-ray pul«r atfftlHi the eb«a\ago face uf a 
cry "I til at a ds'liulte augb*. as iu Fig. 4. n pari <»f It Is 



rofliH*tcd by each layer of ntoma. When Ha reflection 
from tlbe first layer of alouia reaches the retlrctlou 
from the accoud la>er U a distance a, a, c ur tbi aln 9 
hghtni It. and the reflect !• qaj fnuu llae lower planes are 
H|«ced at Mjtml dlstaun*s behtiML Thus the pulse at /' 
U n-ricrtnl to /" an a aeries uf puUea of dellnlle fre- 
quency. U Is Just the aaiue principle us when a noise 
In front of a Illght of sleps ur a wicket fence Is 
isbmtl back as a niikslcnl tone. If the pulsea are 
sr-ntlerisl ut Irreirolar ialervals. each will produce a 
Mrfaanftg- MfflM »f Ubnitluiv* at but If they coiBe in 
a tnilu of waven whose wuveleuglb Is aln #. or >. nuc 
jilmple harmonic of It. ihey will reinforce each other at 
/" mid prmluoe all ew|a<claUy' atroug Image. This will 
occur when 

n\ = 24 Hln $: (l) 
where a la un integer, and X la the ware length of the 
rewiMnt rays. 

Since there are only a very few period* of natural 
vibration of the atom, there will lw only a few definite 
value* of X. ao that Ihla equalluu will he sat lulled for 
only certain particular values of §. The reflection of 
the tea tiered pulses, however. Will la* preteut at all 
angle*. So as t Is IncreusrtL there will bo a com para 
Ibely uniform Intensity of reflected rn>a due to ihe 
IrreguUir pillars, ami at 4frtuiu definite anglea a suddtiu 
lucrenae In MeaaJty Aaal to the resonant raya, Thla la 
aliowu In fiat- whicti la the spectrum of X rays from 
a plallmnn target an retteded by u crystal of rock aa It. 
It will be n<'tio«'d In this diagram that the promlueucen 
relsvt tlM'OiaelveK a n * Increase*. The dlrTerent aerlea 
of tines reprcMent different onlers of apectni. n for the 
nrvt nnler Itclng 1, for lite ae«NMid li, ami m* fuiih. In 
this manner our theory of (Ik* nature of X-rays acctiunta 
lerfivtty for the form of I beat* apectra- 

TiiB artrcrrar or crtktaui. 

At Ibis time no one knew whether ll wax tile mole- 
cule* or the individual atom* whim did the reflecting. 
Whatever the rellccllng centers were, however, llwre 
was now a nieaus of Uudlng out how tbey were ur 
ranged In t\w eryMuL Mr. Itragg Imngimil a number of 
different arrangements of these centers, aud on the 
ttie«iry that each apol In Frliilrleh ami Knipplng's pluitn- 
L'mphs was a partial reflection of ihe primary beam by 
Mime plane rich In atoms, he calculated where the npot* 
should be found for men arrangement It was found 
that nothing but a simple cubical design muld account 
-jid-facti.rH) fur Ihe -is.ts otifattasl with «iM'h er>Mal« 
a* wait. |Hitate<iliim chloride, etc. lie was now able lo 
decide whether It was the atoius or the inolecnlea which 
did the rellccllng. Ity comparing the intensity of Ibe 
dlfTi-ritit order* of spertra when the raya were rettcctisl 
fr.Mii ihe UHI pin lap (Fig. 1)< It wan shown that Ibt- 
a1t«<niate plane* of center* dlfferisl In reflis'ting power. 
On Mm n*"Uinptlou thai it la (be Individual atoms which 
act as the reltoctur*. till* wan easily accounted for by 
plnciug la>ers of amllum atoms and clilurlne atoms nl 
tertuilely iHirallel to ihe (111) plane. This gives at 
AMP the arningetneiii «hown In Fig. X wliere Hie iaja*n 
circles rcpreviit s>slluiu, and the sulld ejies chlorine 
HMM 

It is interesting lu nothv that Hutc Is no cWuYucr la 
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Fig. 6. — Arrangement of atoms in a diamond (Bragg). Instance between atoms — •.tOOOOMIS centimeter. Kir. 7. — Diagram of Moseley s method nf pholo- 

To be looked al ia stereoscope, graphing X-ray spectra. 



thin arrangement that tlx: atoms an combined Into 
molecules. A sodium atom is no more closely connected 
with one particular chlorine atom than with any other. 
In fact, a crystal, such as the one shown In Fin. 3. may 
hare an unequal number of sudlntn and chlorine atoms. 
None of the crystaU so fur examined have glren evi- 
dence of any molecular structure, la It possible that. 
In the solid state, matter lows Ita molecular structure, 
each atom being connected with the whole mass Instead 
of to that particular group of atoms which form lta 
molecule? It would soecn to tie so, at least for crystals. 

Now that the arrangement of the atoms In known, It 
Is easy to calculate their distance aimrt. and thus to 
define completely the structure of the crystal. The 
number of molecules lu a gramme of sodium chloride Is 
<U2 X lit" 
to.sU 

where tjf.W l« the molecular weight of Nalll; and If lt» 
density Is 2.167. there an 

SS.W 2.K1T 

— Ml X ur 

ttS! X He* 

nsoleculcM. or -IfXlfl" atoms. In a onhle centimeter, 
.since the iiloins are arranged cnhlcally. Ihetr dUtnncc 
apart Is 

~i 

as 'J. Til X HI"' centimeter*. 

LIC X 10* 

a irlne over one hniMtnsl mllllotilh of an Inch. Thus, 
along tlie edge of a salt crystal an Inch long, Ihcre are 
arranged a hundred million atoms. 

Ill mnch tills same way I*rof . W. II. Ifnigg has deter- 
mined the structure of the diamond. In this case tbe 
stoma are all the aame kind enrlsuu The arrangement 
he finds for these atoms Is shown atervwdiplcally iu 
Tig. tl. Each atom may be thought of as tsmnd to four 
other atoms, arranged at the corners of a tetrahedron. 
This Is In accord with Ibe fact Unit carbon has four 
chemical bonds, and Is in gisid agreement with the 
structure of the dlamuiHl as determined by the methods 
of crystallography. 

mt imrar or iui bi-u-iua. 

A* we now know d. the dUtance between the alouia 
In the rrystat. we can easily determine the ware length 
corre»|iandlng to the different lines In the X-ray spec- 
trum. For Instance, for the f>, line of platinum. If It 
la reflected from rock-salt, when n — 1. * — 1 1 degrees 
2S minutes, an that equation (1) becomes 
1 X k „— J X 2.T* X !©■• X sin ( 10 degrees 2M minutes 1 

X,^ 1.1W X 10 ' centimeters. 
Since the wuve-kmgtb of sndlnm light Is 

. \ u - 5.SI X 10 • centimeters, 
the naiclciigtb of these X-rays la about one flvo-lbou- 
snndlh that of light 



tme of the lines* pieces of work done in Ibe study of 
X-ruy siieclru is that of Mr. II. (i. .1. Mnsclc>,' in which 
he comfin nisi tbe X-niy siss-tni of a large nuintier of 
different metals. These metals wen used successively 
as the target of an X ray bulb, and the rays were re- 
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Fig. 8. — X-ray spectra of tea metals, according to 
Moseley. 




Fig. V.— Apparatus employed in the study of crys- 
tal sit net ute by means of X-rays. 

A, rrystat : U. loslMtbon eaaintwr : f, eleel n^eiine : f- 
MasmgiMt The X ray tulm Ir hidden liy the narutlias la 
las- m <.-, ,n- I 

fleeted from u large crystal of isitasstum rerroeyanlde 
on to the photographic plate (Fig I). Bach exposure 
required about five minutes, and gnve the sissrtrum 



1 "ntxh-freaurocy Spectra of ttis Rlcmenta.' 
JV-veu.-lar. December, tots. 



through a range of ware lengths of tibout 30 per cent. 
Fig. s represent* tlie third order s|»s.tru which Moseley 
obtained of all Ibe ineluhi of atomic weigh! hetwen 40 
and OS, with the exception of scandium. The remark 
able thing about these spectra is their similarity for 
Ibe different elements. The srjunre root of the fre- 
quency which cnrrespoiHhi to lite more prominent line 
of these spectra has bent shown to change by u con- 
stant difference ns we pass from element to element 
down MendelJefTs periodic table. This Is the only prop- 
er!) of matter which has been shown to vary uniformly 
from element to element. 

It Is evident that this affords a culivenlnit metins of 
Hailing out where elements an missing. For Instance, 
It Is easy to see that an element Is missing between ca). 
cinm and titanium, and even If scandium wen not 
known It would Is- possible to predict Its existence and 
give aisjiroxlinately Its atomic weight and Its general 
elm r not eristics Moreover, It affords n powerful melius) 
of chemical analysis. For Instance, the cobalt contained 
only tl.H per cent nickel, and tlie nickel line appears 
>cry distinctly In tbe cohnlt spectrum. Tlie ease with 
which these s|«s-tni can la- obtained would seem to 
make tbe method of considerable value to tbe qualita- 
tive chemist." 

Pur possibly the most intending result of this re- 
search Is the light it throws upon the structure of the 
atom Itself. A number of dlffennt theories have been 
pro|ssssl which explain the atom as a nucleus of "pasl 
live electricity" tilxiut which electrons nvolvc In orbits, 
as do the planets around the sun; but none of thnn 
have Iweu sufficiently confirmed by ekis'riment to he 
generally neeepled. From Ibe uniformity of the spectra 
of these elements. Mnselej- has been able to show pretty 
ileflnllely that the number of electrons In an atom Is 
equal to (he numls-r of the place nf the element In Men 
delJefTs table. Thai Is. ir any clement ia the Xtk In 
tin- ix-tirstlr table, counting hydrogen as 1. helium n, 
etc., tbe total number of elertrona In lite atom Is V. 
Tliits each element cimlalus Just one more eleetMii |st 
atom than the element next lighter. It seems probable, 
from his results, that Ihese electrons revolve alsuit the 
central positive nucleus lu concentric lings, much In the 
same manner as the rings revolve about Sntnm. If 
this Is tme, there an probably four atoms In Ihe Inner 



• la the lax no mtwr of the PatloneainiJ Vovs.-tse ( April, 
10141, Mr. Msaeley has circa las X-ray spectra nf thirty aloe 
oiaYrrnt eleawata, aiMvlag that this roostaat chance In the 
character of the »pertra holds for aU ths •ssswsts, from 
•lanlalsin to asld. He shows that gold Is the went; ninth 
elrmest In the order al atomic weights, and has predicts l lie 
posltlna of three sew elements The posltlna of these ele 
ntents Is 111 hHweea niejyhitensm snit rathenloni, fj> as- 
Iween neodrmlam sad ssmsrlsm. and 131 between tnncsten 
snd osmlaai. C^rmlst* an Bow at work hanllng for these 

••leilli'llls. 




I*s-t.<raptis t» m. I. Iirsgg, repr. 
Fig. !(.— rptaaaium chloritle. 



flulii the frn'rofln^i of Ihe Knyal Baslala. 

Kig. 1 — Kock-aalt, mm. thick. 




Fig. 12,— Fluorspar. 



Fig. 13.- Kock-salt. 
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rtnit for the elements whose spectra are shown ; but »hl» 



Ha* not yet been 

It Is hard lo it'll to whnt the** researches: may lead 
ill til* near future. Almidy the structure of a duaen 
different crystal* hat. been determined, the nature of 
X ray* ha* Itcr-ji found nut. nuil light ban 1*pu thrown 
ulsiti the nnu.ner In which the ntmn Itself l* built- 11 
may I--. a* Mr Oliver Lodge Misge«l". Ibid the study of 
rcn.s'tlou of X rays I,y rry.ml* will r<irm by Itself no 
I uf modem physics. 



system of weight* aad nMnm, and after they had 
deliberated n short time thry riimr hark to the Ftslera- 
linn and said, "We must aay that the only sensible 
thirne" — thus only thing tliat would justify the upsetting 
of the old measures) which virp very confusing in tler- 
nuiiiy at the lime •'tlie only nwm for disturbing people 



pelling 



■I'M. tr.™r, "/ Ik. «tr«-t«rr "f Ik* .lorn ... i.e^—l t,y 

l>r .v. Bulir iT»(loio»»«-ol ll.no.-i.r, July. Awust »yt«»- 
Nr. 1*131. M.-.lc> .bewcil t),.. bl. 
iM. theory In 11 v.rr xrluitx ui»»n.T. 



The Mrtrk- System* 



Sincr lie inln>durtUm into the I'nited Kingdom, tlx? 
metric system or question ba* lutd Its up- and tlown*. 
Surely it is very curious that, although in IHtV2 a Parlia- 
mentary Commission nvominwidffll iu introduction— a 
recommendation since repealed two or three times- and 
though a hill was actually passed by tbe llouscof l*,rd«,tho 
metric syaletu ha* not twen adopted in this nounlry, Why 
do pnople ku on agitating? Well, the reason is the 
neii'saity for such a system. The faeditics for inter- 
communication bet wren various muntrim have n Croat 
deal to do with the continual agitation to introduce an 
International system of Wright* and measure*. Yoti may 
»y til* flr»t itoih who put tbudnwn in Idark and white, 
was .liim.n Watt, Writing to a friend in I7S3 he said n 
ma* very awkward that the scientific renulls of a-urkrni 
in \uri<»ii* eountric* poukl not lie eonir«an<f readily U*- 
nuinr of the nvKaoiiremeiit* and »eight» heinc diffentit, 
and he pro)x>siy| that they ubould acitate for the adoption 
of an ititernatittnal unit of weight* and meOMinr* for 
aeientifie purpowH. He wrote to French »axanw on tli* 
nuhji- t. and the rmnih m tlie agitation wna that in 1791) 
IVini* Talleyrand brought in a hill before the Ij-giel»tivo 
A Mtemhly of Kranee proposing that a ( 'otninlrtAioU aliouid 
he uontinated to deiiberate on 1hi« snhjeet. It was a 
pnivition of that nie&<>ire that Ine Royal Soeiety of 
liondon and the r'reneh Aejuleuiy Mhouhl nominate the 
membim of the Commiwinn beeaiuo it n> agreed that 
the Commfcuiion ought to I* an international 
not merely a nati nal one. The Hoyal S«»'iety 
agree to it bw•au^e. aa yim know. Knudand a 
were at war at that time Eventually, however. «nme 
other rountrii* joined and eonxtitnteil a < a oinnii»eii>ri. 

Anidher feuture of the melrie HVKtem wae aUo sug- 
g.^te.1 by Watt, lie »ugge«ted that the unit of lengih 
ebould Iw eitl>ed. a veeael eonatnieted. filled with watt* 
at it" greatest dentity, and that that should be the unit 
of w eight. This cube ehoold be the unit uf enpaeity. In 
enrryiug out Um idea iiLuipi'rable diffleultie* ha\e arieeu 
of an uheoluU4y rneehaideal nature, and wi a kilogramme 
a not any more a deeimetrr eubrd and filled with water, 
but il i» a pi«"' of I'latinuin kept in Par*" at a eertain 
temperature ami at a eertain baroitietne pnunure. Hut 
the diffcrenee in very slight and does not affoet the value 
or this eo-rnlalion between length, enpaeity aud weight. 
That Is just the same ait the standard of Hritlsh muojiuro 
in Taet. the rial standards of English weights ami 
measure* were lnimed in l>W> in llw lloiisea of Parlia- 
ment bu<I ha.1 to lie reti«Klue4Ml afterwanl as best they 
onild. «ei'i>inUry standamls have now lie«-n moile and 
haw lie«n distrllHited over the eountry. so that t Imt*- in 
no danger isf tho staiulards l>eing lost again. 

After gi\iug ynu this shxirt history of the Uvinning of 
the metrie system. I wish tn direet your attention 1o tlie 
greatly different eireum*.lam , e* i>f eomitiuuieation t>e- 
tween the vari<»lls niuntriea from what formerly existed. 
The interehungeof pnnlnets lielween the various eouotrie^ 
has ini-rensi-d very miieli. and it is to th.. iuiei>'<i« of 
rverylwidy that this intencluinge »hould he rueiltluletl as 
inuell as possible, ftle- of the great'**! flleilities i* that. 

thf same weights ami inen>ures should Is- used every, 
where. Now the real •xiniretueuta of slt*-h an int«T- 
mitional system ar>' two in number, trm* is that the 
nvwum inl -weights should have the sanw haw ralio 
t; tliat meatei to say one t-ouJid in the Knglisli 
Id lw 14V ounees; unv ounee should bo lo 
drams; one bait IS inehe«; om> yard 1ft bi t, ami so on. 
That w ould he a system with the saute haee ratio lliruuch- 
out. thdy Iti is not a good one. 1 am, of eourse. aware 
that people >ay li is u graKl ratio Infuse tliere are an 
many aluptot faetors iu li! three tnn<- four, twy e »iv — 
and that esmseepumtly \'2 is handy. We are, however, 
farrsl hy the fu>-t thai all |*sip]e on earth who eount, 
eount by tetLS, aud tliat lia> tixisl the l«ae ratio for any 
international system. If you atlerupi to put in any ottuT 
ratio it would leatl lo eonfusion. and would not l»e so eon- 
venient. Tbi n fore tlx> laix. rale, of III x» .»-..litiaJ 

Now a> nuard a little tnois- of the history of I lie 
oi.ire- system. In IsiH. the old Federation of l iermon 

• Kr<.m s n l ~.rl |.,l,IL.Ii.sl l.j lie. Il.elmsl 
Mlile-p* lo Ibe ne-fslMT* "t lie I 
oilier Traile 
.Vsrsrr, 



have an international system." At that tiimt the metric 
ay-stem was not as widely introduemd as ni>w. and the 
(VmmiaMon very namfully went into the question 
whether lltey should adopt the Ktiglish or tlte Fn-ueh 
system of weights and measures. It must Is- remembered 
that the superiority of Kngland at that time was still 
very overpowering. It was u llttJe *• than in l-. - "!, 
but still it was preponderant. The United Slate* ami 
Colonies of KugUnd all had the English system of weights 
and measure*, so this t'oauueteion. eoitsisling of u nsible 
ms-n. might have thougbt: "We will go with ihe majority 
of the rrvamifaeturing people and adopt their weights inwl 
inen-uri'S " Hut when they «iw the Kngtish weights and 
measures and went iulo them, they 
that tlx' meuie system was theoidy isjssdile InUsrniitxoial 
system In the metrie system then* is the same ltttse 
ratio and divUi*ni* everywhore. so ytui Jiave to learn 
nothing. It is the same ha«e ratio as you use in i-aleiila- 
tion. I remember in Isft'i I had to give evidenee la-fon; 
the Parliamentary t'oitiniiltee on Weight* and Measures, 
and I handed in u C.ermati si hool-lse-k on arithmi>tie. 
The Committee said: ' How many pages are devoted to 
the metrie system" 1 " I showed them that on the Wk 
eover then' was a note' "Reini-iiiber il lieetoliter is llltt 
liters; a kihtgramme is l.tHK) gramnws." The other 
things were so self-evident that it wws i-onsich-rv-d uu- 
iiis'evsnary to say any thing »l«ml them 

The Commission liutltut.sl by the "Id F.d.mtl rf 

Herman States submittal their pn<|»>sals to the Iteiehs- 
tag in due eourse; then eallie tlw year IStUI. whieh de- 
layed tlx! inlroduetion somewhat, but in IMIN the Aet 
wus parsed that the tnrtrie sy*tem sliuuld be iiermlssibte 
fnvm January 1st. 1H70. and isimpulsory from Jnnuary 
Ist. 1N72. Tht» dis|«atvN of th.' idi« that the nietri.- sys- 
tem ean oidy be introduced In tunes of great .-omniollon 
and an on. The dale of tlw iutrodtietum of the melrie 
system wan deeidwl upon long In/ore anyliody knew any- 
thing alsuut Ihe Fraiieo-I'ruKoiaii War, and was, there- 
fore, introduced ratlMT in spite of it than as a «H>naet|uemse 
of it. AlMMit the same time a Commit t*s- was appointed 
by the Fnglish Parliament to report on the introduction 
of tbe metric «y»lem, and after hearing all sorts of wit- 
nc««<*. they n-ported in lsta that -iu their opinion it 
would iuvolvaalmost as much difficulty to create a s|Ms'ial 
decimal system of our owu as simply to adopt the decimal 
metrie syxtem in common with other nations. Kurther- 
■nore. if we did so create a national system wu would in 
all likelihood have tocluvugc it again in a few years into 



More than fifty years ago the ugmbot was that the 
Committee said It would lsc a waste of energy to intnt- 
duee a spi.rial Knglish system Ires-allSe. owing to the ever- 
iiiereasing intervoiirse lsetwis-n nations, the nations would 
be foreed Into Ilk* 1 mh.ptit.n of an international sysU'in 
whether they liked it or not, That is the real 
thi« Decimal Association lwlievc« that the metrio 
is eoming. Il may la' coining slowly, i-speeially here in 
Kngland we cannot Ih'Ip that but if you .v.nsnler ttiis 
'mini of i iow. thnt the international iuUvn'ivminuiiicuuk.n 
is every incTviits.ing, that the nations arc lieeoniing more 
and more dependent upon the pnxlucr of other tiationa. 
you will sec you mult eoinc to the conclusion that an 
international system of weights and nwoaures is desirable, 
ami tliat tlie refusal of such a system will impede progress. 

What am the objci'tions? The first that is made is to 
the d.--imal I«,ttl«t. Owing to the Isase ratio being 10. and 
10 tlirouglenit. then* is no mn-^sity ti» a d*s'iinal 
imiut. For instaiKs'. jiny l-s.lv making dranings |iuls all 

lias twu ailvantoges. You m-ed wit pul millimeters every 
time as you pul feel ami inelwi* i,', " :, and il avoids a 
lot of misunderstanding if the drawing has not tveen very 
carefully figured. I' 1" U often taken for 1 1 inehre, 2' 4" 
for 21 Inehe*. and all tliat sort of thing, bill if you use 
millimeters you have not that difficulty. 

The decimal point objection is really non-eiisn ut )..- 
eause you always take the nevt lower unit if you find 
tliat abut you want tvu express: t- l.ns than the higher 
lllllt, and that is grmrally quite sufficient. The second 
objis'lioti taken is III*' si/x of the unit. That really is un 
argument tliat shows into what ib'sjvi'nite straits tlie o]s- 
|>oiii-nts of the syslt to have n^wbed to liud an objis-tion, 
lw«-aiise I eadhol for th. life of mnsv that .the ni-t.rand 
the yard are so very mic li diff.r.ut. Nor ar.' a half, 
kilogramme and a pound so very unlike ca.-h other. 

The nevt thing is that iIm- opponent sof tie .soriptilsory 
intpiiluclion of ih.. metric nvst. m say : 'Well, you have 
got all you want, you have is rmission to use the im trtc 
weights, tbe Hoard of Trade will ve rify them for you; 
they have the standards- si what more do you want?" 
That is just it. Uo not thi-»e |as>pl<. that in 



nnnufoetiirers aud traders to have twu standards, 
home consumption, and ooe for di««Jine with 
•ounlncc. they handicap the manufactunsrs and 
traders lien ? And there is another point of view. Tlinro 
wa* a discussion liefore the Institute of lus-pM-tora of 
Weights and Measures on the metric system; they are 
the people who go nlvout among all the tredrsp.'nplo and 
have to verify weights and meaaurw, aud they ought to 
know their husinrns. One inspector suid thai "from th* 
iiis-iretor'a point of view there is one point which advo- 
eat.s. should not favor, and that is tlte argument that the 
pro|sjscd genrral Act should be pi-rmisslv*'. To have 
two set* of weights on the shop counter at the same time 
is not wise, We know what il would I* lo liave a 14- 
poimd set and a kilogramme set alongside lite wale; the 
chnngi* w.mid lse rung. The kilogramme is very nuar 
t he size of a '.'-pound weighl; the meter near the length of 
the yard, and the liter near tlie sue of a quart. With 
tlveee fact* Wore us. the Act sliouUl, ill our o]sinion. lie* 
compulsory." 

Thi-ee arc the two arguments: bo long a» it i» per- 
ial with metrii' countries have U> 
have two standards, and they an. handicapped in tliat 
way, and |voor |as.ple are ex|sitaHl lo tlu* dnjigcr <sf l^ing 

cha'rauiied. 

The lost objis-tum is on the ground of cost. In order 
to have a fail idea of wliat the cost wouhl lsc, it is prefer- 
able to examine In detail how various Interests wuuld I* 
offis-fcsl if the metric sy stem were mode compulsory after 
a transition periled of, say, two years. Taking first the 
case of the retail trader with wImiiii the general public 
have most of their dealing*. I think it fair lo quote an 
ilisjaelor of weight* and mrnsumt who sjioke in the dis- 
cussion just now alluded to, He said: '"l'he change P. the 
metrie weight* aud measures would n-ally !«■ very little 



is the can.' The »liopkis ]»r imagine* thul the whole i>f 
the weighing machines uud weight* luive to 1«. changed, 
and it i* tlie weighing instrument* tliat an- the greatest 
factor w ith him The effect so far n* weight* and meas- 
ures arc <siii.enn*l is very small iiele.sl. It doe* not cisst 
much l.i change either his weights or his measim*. anil 
I M.r to uieosiires of length as well as to Hew.' of 

capacity. With regard to the changing of lever machines, 
we know a* in*t*retors that it is a vrTy common thing f.sr 
a w.sighing-niachine maker to have to change the whole 
of hi* st». -1-yard mnrkimrs and lo h-ivr to rub out the eld 
litarkini> iicl 1" mark it uii' vv. In Uti- e.i.t, il muild lie 
a very .-asy thing to change the markings, which would 
id*, apply to idatform nuuhincs nn<l eotiuter-|«H-.. 
weight*. Tlie iss-t would I- v.ry small indeed." We 
may take it on the authurity <rf the ihtsoiih whoee l«isi- 
i»*«s it i* lo know everything about the weight* ami 
mi-omre* uf the retail trade that the <si*t id the change 
would not Iwi an insuperable ubslacle. 

The nest interna to consider is the textile Inule, Here, 
the opponents of the system contend, the cost of the 
Chang.- wouhl I*. ap|«lllng. lasause all present looms 
would Us-omn olisolete and would have to Is? replaced by 
new one* adapted to priwluee metrie widths of fabrics, 
I hail bolter take tliat with the pngimiering trade, bis ause 
alsiut thnt the sanHi is said. 1 say in reply to uli thine 
arguments, "What ore you doing now? Are you not 

r to metric niri.*, are not engin.-iTs exporting 

p. metric countries? Have riot we in our work* plenty 
id metric dimensions to manufacture to: have we ever 
found any diftkcully in doing it? Have we ever had to 
introduce new machinery si»eeially to make a metrie 
thing? Never!" Kven h«ding si'rews of Fuglish pitch 
can be used lo pnedlni' screws isf French pitch and nee 
.crsn. You must pul 111 one wheel with 127 teeth which 
make* the changes right. You will 11 ml you are abso- 
lutely correct. W'lien beforn a Parliamentary Committed 
I wns asked : "Sis lng tliat ill theeolton trade the standard 
make U what is nailed 79 inehe*. 37 1 i yards, m 1 , pmiid 
shining which is known all the world over would it 
not in wime way damage the reputation of the shirting 
if the figure* had lo I*' re.-at nl.V.d in all the markets ol 
the world?" Well, at tbe time 1 had not sufficient time 
in whlrh to make the calculation. What do you get when 

you renoleulate? ScVenty-inn. inch.-! are 2 meter* witJiin 
one third of 1 per rent: 37.5 yards arc .spud to .11 meters 
to within one third of 1 per cent: and S'i pound* are 3*( 
kilogramme*, rk. you see you have Us'n enti-rlairiing 
You have l»«n manufacturing Pi 
So why say It is difficult? Tlie gem ral 

expi'rience i* that wh.r. v. r the mrtrv system ha* Wen 
intr.Kiue.sl it hie. at owe l>"'il ac.epl.'d as by far the 
situphsit and ea-ocsl to comprehend, wliile il ho* the 
grenl iidvaliliur*' of Uing international, wlivli is more 
and more u.s'es.ary iiowiidaVM wher.- the inli'r.suir*H. 
Ih'Iw.s.h titn.-. is i 



In Ihe Open Yl'llnw Pine Forests of Washington and 
Devon * is>lla|»ll'lo fl"W i» l«'lng if*d In digging hre 
lines to M..p ^urfu.s' tires. The t'lovr ran be dtsmautled 
unit r"l<l.sl Into il eemisiet form, so that it call Is" isieked 
on borsHutch. nlel welKh* only HI jxiunds. Wwli In use. 
ot, lulin with a horse can do the Work of twenty or 
ii ..re men working with »tiov«ls- 
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A Built-up Model Yacht 

Directions for Its Construction 



By F. D. Banharn 



A wrrnon of building n boat I* here described which 
lit far less laborious thjin boring and chiseling wit a 
solid block; the hull. In the particular model doacrlhed. 
1-elng made by tuktug three plcii-s of board, mt to the 
dimension* given later, and screwing the pirer* trm- 
jsirarlly tiigothrr. one above the other (Fig. 1). and 
shaping tin- outside of the ball to the correct shape: 
nftrrirnnl taking apart the three pieces awl cutting 
uut the center of each depurate hoard with a pud *nw. 
The three pieces are then reassembled permanently to 
form the finished hull. The plans arc for a 2-foot orcr- 
all yacht, ir another alxe la desired, proportional 
dimensions can he taken. 

For tlie amateur, straight grained sugar or yellow 
ptne, or redwood, are the easiest to work. Three 
piece* finished smooth on each side arc required. One 
piece. 2.1 by by % Inch ; one 24 by 6 by % Inch | one 
20 by r» by l'i Inch. Lay out the design In full nine on 
a idicct of paper: follow out the sketch as closely as 
poaslhle, being careful to get good easy curves. From 
the sectional curves taken nt |iolnts a be (Fig. 2) the 
width nt these isdnta on each layer, or board, can be 
obtained. Mnke a plan of the top surfucc i>f each 
layer on Ibe Nmrd friaii which It Is to be out, and saw 
just outside of the Hue. say A Inch. At the point J> 
on each layer draw a line at right angles to the length- 
wise line, ns a guide when assembling the pieces to- 
gether before shaping the hull. When each piece Is 
mi roughly to tdm|«- they can be screwed together with 
say 2 screws each. To aid lu getting the eorrrvi »lia|tc. 
.1 moid* should l>e made from thick cardboard or thin 
wood. Three rectangular pieces about 5 by S luetics 
should he made ami the outline of the sections nt rt tVe, 
as shown In Figs. 1 and 2, should be drawn on the wood 
or curd, ami n plots' cut oat carefully to the line. 

After shaping the hull on the outside till It Ota the 
molda at their respective places, It cuu be taken iqmrt 
again ; care should be used Dot lu break the edges. 
With a key hole suw. or pad saw. cut out the center of 
all hut tike bottom layer (Fig. 4), cnt on the *liint 
where needed to follow the outline of tile outside; % 
Inch along the center of the boat will be thick enough, 
awl at Ibe bow and stern where the slant Is greater 
from \ to 1 Inch should lie left for strength and to 
leave enough In which to drive the fastening nails. 
After cutting out the center of the layers they are 
ready for glnlng and nailing together. Nail every two 
Inches along the edge with about No. 18 gage by 1V» 
Inch wire brads. 

The hull being assembled. It can be laid upside down 
and a groove cut down the center of the bottom layer 
iilmut % Inrb deep for the keel plate to HI In. The 
plate should be a fairly tight At in the groove. The 
keel can be cut from a sheet of Iron or brass 3/84 or 
% Inch thick. The forward and after edges should be 
filed to u thin edge. 

The lead bulb Is made In two pieces, one on each 
side of the keel plate, and the total weight will be 
about Ave or six pounds for bulb and keel. If shaped 
as shown, one wihsI pattern will do for both sides. 
A wood pattern Is made the shape of the load bulb. 
Rack half of the bulb will be about one half loch thick. 
6 Inches long, and 1% inches deep. A mold Is then 
made wlrh tl.c wi*.*l pattern In sand, or plaster of 
Paris, which should be carefully dried before using, 
and the molten lead can then be poured lu the mold. 
When cool two A or '., Inch holes should be drilled 

i- i I'lilti in t [ In unit tlio -oft hru** rivets use! 

to hold the bulb to the krel pin. If no factlltlea for 
drilling arc avallahle the bullst can be soft-soldered to 
the keel Tim- pin* of ■, inch diameter r.sl are fitted 
to Ha) top edge of the keel plate, and arc held In place 
by sawing or tiling a slot, down one end of the pin. 
lot about V4 inch, to At over the edge of the keel, and 
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the other end Is threaded to take a Vi-Inch uut. The 
slotted end Is slipped over the edge of the keel and a 
croKs-hole Is drilled through pin and plate and a wire 
rivet U driven In the hale. Three 1 « inch holes are 
drilled up through the bottom layer of the bull for the 
plus to pusa through, and a uut and washer holds the 
keel llrmlj- In place. I'ut some thick pnlnt or putty 
In tbe groove before Anally screwing keel In position. 

Before putting oo tbe deck, curve or camber the top 
edge of the hull; In the center of tbe boac tbe curve 
will be about K or A inch below the straight edge 
(Figs. 3 ami fit. The mast slops In nt the distance 
shown (Fig. 3). Tbe lw*4 way in to set lu a brus* tube 




of alsmt % Inch. Inside bore so that the mast can be 
taken out nt,, ,, |.-ir..| ai .1,1 tlahlng rod Joint mnkrsi 
a good Atting for the bottom end of the mast. The 
bottom end of the brass tube should be tightly plugged 
with a wood or metal plug so that no water can enter 
the hull from thta point. The deck should be of Vi-lnch 
wood, and can be cut slightly large, and finished flush 
with the hull when screwed In place. 

If a nnlder Is to be used, another hole will be ncedisl 
through the deck to the underside of the hall, just be- 
hind and parallel with the after edge of the keel. This 
Is to allow a small brass tube of about A-locb bore 
to pass through. The rudder poet then peaae* up 
through the tube. The tiller la bent aft. parallel with 
the deck and about '•; Inch above it, and la about ft 
Inchea long. Small lead weights are made to clamp or 
screw along tbe tiller, and so. by operating tbe rudder, 
as the boat heels over when sailing, keeps It on a 
straight course. Putty or thick shellac should be 
placed around where the tube passes through tbe hull 
and deck, to prevent water entering the hull. The rud- 
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der (sot Is a brass wire (wsslng freely through the tube 
and the rodder can be made of sheet brass alsmt A 
Inch thick ami soldered to Ibe wire lssvt ; a small brass 
• ye Is soldered to the edge of the kcei to take tbe bot- 
tom end of tbe rudder post. The mast tuts? should 
allow the mast to rake, or lean, slightly lo the after 
end of the boat, 

Tbe deck, after placing some jaitty along tbe top 
uigc ,,f the hull '-nil then Ik- sen will 1:1 place ivirh 
small wood screws plaint about three Inches apart. 
Tbe hull Is then ready for sand -papering and varnish- 
ing and tainting. The deck should be varnished and 
tbe bull can be painted while ubuve water-line and 
dark green or black below water. Two or three coats 
of rarnlsh ar paint should Is? given. 

For the sails and rigging ns few parts as possible 
-liould go to the make-up. The mast should stand 
I feet I) Inches above the deck, and shixild lie i/t Inch 
diameter nt Ibe deck to lit In the brass socket, and 
tape* very slightly up to a |sjlut a little above the 
jsilnt where the gaff meets the mast, and from there up 
to the ton tailoring to Vi Inch, lite boom Is % Inch 
diameter at % lt» length from tbe mnst and tapers 
to % Inch at the ends. The guff Is 14 Inches long ami 
to A In the middle ami tais-rs slightly to the ends. 
The bowsprit Is T Inches lung mid projects 3^4 Inches 
Is-yond the bow of tbe bout ; It U % Inch wide along 
the deck and Vi Inch thick, and the out-board end 
tapers to '.; Inch In width. A supply of small brass 
scrvw-oyi-s snob as are used for hanging small pictures 
will be found useful for rigging the boat. At the 
lie hoard end of the boom, where It Jains the mast, two 
screw-eyes arc used: one la screwed Into tbe end of 
tbe boom, and the olber with the eye opened slightly 
so ns to allow the other eye to be hooked under It, com- 
plete* this Hiring. 

The yoke for the gaff can be made of brass wire or 
riled up from sheet brass A Inch thick, and tbe spiked 
end driven In the end of Uie gaff. A little shellac ou 
the spike will help to hold It securely. 

Travelers for the mainsail and Jlbsnll can be made 
of brass wire bent to shape and with tbe ends flattened 
out and drilled for small screws and screwed to the 
deck, or two screw-eyes with a cord traveler and a ring 
for the slu-et to pass through may bo used. Cleats are 
made from s1rl|w or brass and drilled for small wood 
screws tu screw onto the dis k. Cleats are shown on 
the rigging plan (Fig. s) at f?, ami screw-eyes at R. 

For the sails cumbric or the lightest cotton cloth 
should be used. Sewn or brass shoe eyelets can be 
used at the corners, and the mntitsall laced to the 
boom and guff with heavy thread and needle. Fitting 
loosely around the mast, and spaced equally along the 
luff of the mainsail and fastened to It. are .1 or A rings 
of brass wire, to keep the sal] to the mast- Wire hooka 
are passed and Uut through holes lu masthead and 
end of bowsprit for the hoists, etc 

Observations of the Afterglow 
Ry a Tkleme 

A i-sjj.iiti.vtav communication describes briefly several 
new observations on the afterglow produced In the gas 

of a low-voltage en rbon filament lamp after a discharge 
has been passed, by placing It In an alternating field of 
high frequency (a Tenia field). Tbe conclusion Is that 
the afterglow Is a periodic discharge occurring about 

SO or 40 times per second, the period becoming smaller 
the longer (lie duration of Ibe effect Experiments, on 
the discharge which occurs when the bulb of the lamp 
Is eloctrlAed by friction are also described, with the 
conclusion again that the discharge la periodic Fur- 
ther experiments are Isdug nude, on which the authors 
expect lo report later.— VrraaauflaaiTcn e'er «Vaf»rsea 
.■ 7. />,,,■■. j. «. .i/hirae/l. 
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Discharge, Prickwjllow. 



Suction, Prirkwillow. 



Engine. Wisbech. 



Suction at Wisbech. 



Modern Pumping Machinery" 

As Employed for Drainage of the Fens, England 
Bar Richard W. Allen 



Tub draliuus* of that Ian.* tract of low lauds known 
aa th« Froiland (UiMsdiuthim, KiiKuuid), rompming over 
450,000 arrow, i« e^nrrally hut littln undrr*tond. That 
tho auhjtrL ka full of ii.t>Tvnt. Mid the nHM'tiantrat dwini 
at> v*ri«l, will ho &/rknnwU«diffd. wlu-n it in mrntionrd 
that ln-dav tho following inrthiwL- an 1 rmpUiyt*) fur 
rarryini: out thia greavt work, without wluVh the UjiiI 
would h*i rutin*!? uuprudurti\e: 

{«) Windmill* driving wnctop-wht^'U. 

<•) Bvam-eiM?ir>tfi (ainctit and compound cyliiulvrj 
driving koop-wHwIm. 

(t) I^nwiunntK and horizontal engines riming WOP 1 
tiral-ttuindU' pumpft throiujh gearing. 

(4) Vcrtiral nU*aiiwncuw« driving boriftoiilal-wptiiriU- 
centrifugal pom pa. 

(r) Horixnntal oU-^ngin.** driving horizontal-* pi im!U> 
centrifugal pumpa. 

To drwritw to detail th** me** bantam under iwh of 
thw** Iwadinjp; would Im> qiiilo Ix-yoiul Ihr aropri nf thin 
paper, nod tin* aulbur Ih.Tvfnrn pr»i|n>-«- t.i <I*<*1 ■ lit, fl> 
with those whirl, art* included under licudtngK ami 

to- 

(a) WindmiiU rlrinntj .semia-iiArr-fa. This ty]ie nf 
machinery ' H rapidly di*ap|Mwring ; the Inrgcsl cxuinplc 
now working is situated on the hanks of the Hivcr Ouse 
at Harrieemorr, Middle Ken District, now Ely, HHiOOHB 
wheel being 30 feet in diameter with 5 ft**! Iiy 14 inches 
ladles. Fig. 1. The dip of nln on the ladle in I foot 
B inches and tho maximum lift to whirh the whorl in 
capable of working U 10 feet. This mill hn» four Rails. 
40 fi . i Iodk by 7 fort wide, and th<i ratio of gtariai: gives 
four revolutions of the anils to ooo of the sroap-wbi'cl. 

(b) Hram-rttfine* aVlVing Sfuop-whrrit. This H&t* of 
machineo it gradually lieing rcplniM-d by more modern 
pumping engines, dui' in many «*» to the foot thnt tbo 
subsidence of tbo tiuid ha* been ao great, varying from 
M inch (o 1 inch each your, that the present level of tlw 
various main drains is too low to allow sufficient dip oo 
tbo ladles of the scoup-w IvccIh. 

(c) Beam nnd horizontal Kngint* ifWriaff mr-nred fcrfieaf- 
MptndU Fumpr.— A difficulty now being experienced with 
many of tha ruttict; vertioal-gpiDdki pumps, is that, in 
order to chartr tbo pumps, tho water in the drain* haa 
to bo raised to .«.-» a levvl that tbom in grave danirer <at 
some of the lowest lying land being Hooded Ixifore the 
machinery ean bo set in operation. The oo»t «rf lowering 
the seowp-wheel or the pump, as the ease may lie, is »uuh 
an eirpensivo matter and the effleieney under tlio most 
favorable oonditsons so low. that It li npir" wonomiem] to 

• Paper twi at tho CautlirMirc ateetma*or lh« tmtliulinn t| 
MfKjiaoVcal Kxudneers {Knsbjxli 



remove the old plant and replace by more modern ma- 
chinery. 

(d) Vertical Aeuut-safRJi** drt'stng Aoriioubtl-s;alMi</c 
(tntrifugol /'amps. —During the past fifteen years a 
number of pumping plants have been installed, in the 
majority of rage* new machinery included under clause 
.'I replacing existing applinnees for raising water. 




Engine House . Prickwillow. 



Discharge, Soham Mere. 

r*or purposoa of illustration, the author has chosen 
some of the following stations in which he has been 
lulerealcsl, representing sumo of the moot recent work 
in the district; but, at the same time, he wishes it to bo 
understood that there are many other stations, sucb as 
those erected at Uaneham, Puddock Itridge, and in the 
North Level, which are doing exe*4lent work: 



I. Prickwllhiw. Middle I'. u < 'ommissinncrs. 
11. Wisbech, Wald. rvca District OMUnbaloMM, 

III. Soliam Mere. Dunn Cianlncr Kstalv. 

IV. Mr. Martin's Kami. Hilgay. 

V. Ten-Mile River Bank, Littlcnort and IJownham 
Oistrict. 

Before describing the pumping stations in detail, it 
may bo interesting to give in condensed fonn the main 
laiints to lie eonsidiTisI in tbo design and construction 
of drainage nwhins-ry suitable to tbe conditions obtain- 
ing In this area: 

(I) In the wettest season the machinery only works 

t' 1 - "" ■ ' \ i li I i- ■! nr' I .' !. i >i I n , :r.', :. . . ( .n 

only thns' to four months, and *niiictiuit« leas. 

(2> Initial cost lias t» In- kept as low as possible, as 
the Fen Commissioners have seriously to consider their 
drainage tax. 

431 llant to hi- no designed as to run continuously for 
al least a month 

(41 Tbe machinery will generally la- run by a skilled 
lalsjrcr. not a mecliauev BlHfilcHy is Ihcn-foro roscn 
lial. 

(5) Water Tor Itoilcrs iiih! for condensing purposes 
always contains a large |s-n*cfitagc of mud in sus|>rnsion. 
and Ibis partM iilarly so during the wettest lime of the 
wet w«son. 

<6) Kffieieney to M extent must lai sacrificed lo 
initial mat and simplicity of design. 

(7) Oavt of maintenance and reuea uls must be reduced 
to a minimum. 

(8) All calculations must In, ImxmsI upon amount of 
coal consumed to the water horac-uowor diw hanred. 

<9) When new plant is installed, the old foundation 
must be utilised as far as possible. 

(10) All new foundation wisrk. unlem well alepoed into 
existing foundations, must lie placed u|sin pthsl grouinl. 

i ,r r, ' i fon-i -I imtii r, tc I'Mipltii iil. 

(II) Tbe maximum qoantity of water has to Iw always 
disclianred u|ain the highest lift. 

These considerations have liccn met to a very large 
extent by the machinery installed at the stations already 
referred to, due os|K*iial!y to the fact tbat the centrifugal 
pump applies itself so well lo differences iu level of the 
water in the drain and river. The suction and discharge 
pipes of tbe centrifugal pump will) a horizontal spindlo 
are laid in the old race of the ecoop-wlvccl with very 
little cutting away or tilling in. anil, by extending tbiee 
pipes outside the building, little or no alteration is re- 
quired to be made lo the main walls of the cugtnc-lmujo. 
The foundations necessary for the engines are small nnd 
easily made in tbe original engine-house, nnd further, Ibe 




Engine room, Soham Merc 



Main drain, St. Martin's Karm. 



pump, St. Martin a Farm. 



Suction, Sofia in Mere, 
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extra length uf Miction pipe cut bo readily added when 
required to meet tiny lowering of the main dram, due to 
subsidence of the land. 

From experience gained, the machinery moat suitable 
in that consisting °f Lancashire boilers, vertical double- 
acting endows! forced-lubrication cugiuc* runulug at a 
moderate speed driving direct centrifugal pumps with 
horizontal spindlm. the condensing plant at thc> jet type 
having the injection water well tttraiued before reaching 
Uie«oudvllMT. and the air-pumps driven either direct frtim 
engines or by gearing running in an oil-hath. It is upon 
these linen that them* pumping stations have been de- 
signed, with Ute exception that engines of the open typo 
have bono supplied in place uf those of the enclosed. 
This baa boon brought about by hesitation of the Fen 
Authorities to depart from the exoeplionully low revolu- 
tion engine, although in many eases the piston-speed of 
the enclosed engine proposed has been loss than that of 
the open-type engine, yet penniosioD to install the former 
baa not so far Ivcen granted. 

Water-tube boilers, steam-turbines and surface con- 
densing plnnls have on occasions been suggested as an 
alternative, but the author venture* to think that their 




condensing engine of tjO^nnminal horso-power, erected 
in 1833, using steam at 0 pounds per square inch, and 
driving a snoop-wheel 33 feet (1 inebes in diameter. 

The machinery. Fig. 2, consist* of a vertical compound 
double-acting condensing open engine, driving direct a 
horizontal centrifugal pump. The gloom-cylinders are 
21 inches ami .To inchra diameter, each having a stroke 
of 1 foot 8 inches. The engine u capable of developing 
300 indicated bonus-power with steam-pressure at 75 
pounds per square inch. The diameter of the suction and 
delivery pipe* is 43 inches, and the pump is rapahlc of 
delivering ISO Ions of water per minute upon a UVfo.it 
lift at 130 revolutions. The revolving disk is 5 feet 
fi inches diameter, and is made of cast-iron and keyed to 
a steel shaft, running in white-metal hearings. The 



Map of the Fen District, Lincolnshire. England. 

claim do«« not show sufficient merit to warrant tbclr 
acccptnace, as tbe slight gain, if any. in efficiency would 
not show sufflcieut return to cover the interest upon Ibu 
increased initial capital expenditure! further, It might bo 
necessary to duplicate the machinery lo enable the clean- 
ing of the boilers and condensers to lie carried out effi- 
ciently; and, lastly, the ummitahility of the feed and 
cooling water for this class of machinery. 

I. Pnicltwil.Low, Middle Ken District- This pump- 
ing engine was installed in IN!<7 replacing a sid'-lcver 




Old beam engine. Ten Mile Hirer Bank. Littlrport. 




Compound condensing engine and centrifugal pump 
installed in 1912. 
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Fig. I.— Windmill at Harrier Mere driving 39 feel diameter Koop* wheel. Middle Ken Iristrkl. 



300 days (of 12 bourn duration), tbe maximum nonstop 
mo being 372 hours during the latter part of Augxiiit. 
Tbe average coal consumption waa 3J-j tons for the 12 
hours, iDi'tudiruj the raising of steam in boilors. 

This district hat a taxable arm of 11,000 acree and 
about 25,000 acre* to 1»0 drain**!, ami to-day the drainage 
in itiainly parried out by this pump, awn* tod by a >i0 
horso-power compound cxtudrnsing beana-engine driving 
a vertical spindle pump, tho engine being supplied wilh 
steam at ft.") pounds pi-ensure. Tbe main drain it* 30 fevi 
wide and 7 foot dncp at starting level, and then* art* about 
30 mil oi of drains oonnorlod tburoto. 

Thn capai'itii* of tbe old and now nwhim ry niny lw 
of interest, and arc talmlaled below. It will be nutod 



Tjjie uf plant 



DaUi of fluiatu ftevulu- IJfl In 
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Fig. 2. — Middle Fea drainage commissioners 
Prickwlllow pumping station. 



pump is provided with steam-ejector, for llie purpose of 
charging. The engine has fixed on the high-pnxsiire 
crotnJiood a connecting-rod with n«-i|>rora1iug Irani, Iho 
levers of which are connected to a single-aotlng air-pump, 
.11 iu.-hes diameter by 10 inches stroke. Attached to the 
air-pump Is a jel-coudensor. giving a constant vacuum 
of 26-27 inches, steam being supplUsl by two Ijoncashirc 
boilers, 23 feci 0 inches by 8 feet diameter, with (lalloway 
ro. .-tuls'e, 

From Mun li. 1012, to Man h, 191), thin engine ran am 




Fif. ».— Walderaea drainage district Wishrch 
pumping station. 
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thai, owing Ui the ■uhaMeane of the land, the lift of the 
pump ha* increased in lii ymn fn>m lit ftset 4 inchc* to 
lo fis.t, ami in Ml y»*r* it lias increas.*! practi. ..II: ti foot. 

II. Wmkih. Wul.lin.* District (simmiiaionrr*.— 
Thi* machinery. Kig. -I. was erect**! in WOO. It f*oii*i*ts 
nf a vertical n.m|»und double-asting open engine driving 



pnnaure per aquam inch ai 
|ht minute i« capable of developing 30 brake Iior*c-po«cr. 
The |vuro|( deliver* Wa Urn* of water |w minute again*! 
a lift of 17 feet, the main miction and delivery pl|*e* being 
I I incho* dianu.ii.r- The end uf the di-charge pipe which 
i» water sealed i* fitted with a balanced flap valve to 




•m-emrlne driving a H- 
foot diameter minp-itltwl. Ilcvond deepening the «ue- 
lion and discharge culvert* for a *l...rl di.1an.-c, ami 
partially nmnving the divi*ion wall helw.sn tlw •'Kirilli- 
h>>it*o and whe*-l-hoii»*., no foundation work wa* n.**e*. 
sary, the pump Is'lng placed i>n girder* directly over the 
old wheel race Fin. .". show* tile arrangement of thin 



dlfml I horixontal-spin.lle centrifugal pump. The engine 
ha* cylinder* IN ami SI itu-hea diameter by 10 iaatlM 
tttroke, and i* cupalilc of developing 200 hurwo-poWTT, 
when running at 1:60 revolution* per minute. It is sup- 
plied with *t.am at '.m pound* per square inch from two 
Lunea*hiro butler*. 20 fi**t hy 7 f.*'l ft inchc* diameter. 
The diameter of the melton anil discharge pipes i« Uli 
inehe*. and tlw pump in capable of di-duirging 100 ton* 
of water per minute against a total lift of 15 feet, the 
diameter of I hi' disk being 4 fi-ct fi inches. A jet-condenser 

i« provided giving » eonntant vm-imni of 20 to 27 inehe*. 
Tin- nir-puinp, III inehe* diameter h> 0 inehe* stmke. i* 
worked from tlw high-pressure ero**bea4l. 

This di*tnet oniL*i-1* of .*..IHK| acre* and it* water* are 
llhlllwilsHl into thi. Kivcr Ncne about 5 mile* above 
Wisbech. It ww originally drain**! by two i nginc*. one 
■•reeled in IvC, a Cornish Isam-cnginc of 7tl nominal 
hor-v-nowcr working a huekel-|iump 1.2 inches diameter 
with 7 f.*cl 'i inch'* stroke, and the other <n**ted ill IK**;t, 

It sinitle cylinder condensing engine driving » vcrtieal- 
*pindb. centrifugal pump. Tin* former plant wa* removed 
in I '.Ml and n-idaosl by the machimry deaerilied above, 
the old well being iurd for the Miction pip.* of the pump. 
Praetieally no alteration in required to be made to the 
foundation* or building. 

HI. fUiiiiw Mi: re, Ihinii (lardner Kstate. This 
pumping plant. Kig. 4. wa* erected in HIM. aud replaced 
an old Ix-am-cngiue working with 10 pound* of «team, 
driving a rifi-foot scoop-whc.4. The engine i* ,.f ||,„ open 
compound type driving dinct the centrifugal |>ump. 
The eiunrie ha* cylinder* II inebe* and I. r i inehe* diameter 
by II inehw »trolte. and it i« capable of developing iVi 
brake horw--jwwcT wlven riinnirur at IfotJ revolution* |ht 
minute, steam being »upplu«l from a Ijin-ashire l*>iler, 
Jil fist hy r) fi*'t 3 inehe* diameter, at lai pound* \«f 



The diami-ter of tlw Miction and delivery pip.-* i* 23 
iwhe* and the pump L< cuiahle of delivering Xi ton* of 
water |«-r minute again»t a total lift of 17 feet. The con- 
denting plant Lsof the ej««-tnr type' capable of maintaining 
a vacuum of '2ft inehe*. Tin* injection water eeutrifiigal 
piimji i* driven by belting from the mam engine shaft, 
IhU walisr being cwfully strained on the auction aide. 

The pump wa* places! in the old a hecl-hoii «e ami the 
suction and discluirg*' pipes laid in tie- w lus-l race, no 
alteration whatever lieing made to tlve suction and 
d.-hvery culvert*. Tbe engine stand* in the old cngini*- 
house u|»in the old foundations, the foundation work 
l»illg therefore n*lue#sl to a minimum. Tile enal burned 
i* from 2'i to .1 Ion* in -M hour*. Tlir tnaiu drain b 
about 'JO fee.t wide and n f«-t d<* p at *tarting psMnl. 
altngi'thrr o >ir li mile* of drains runim-ling then to, the 

discharge culvert being ti f'S't by I fi* t ti Inehe* wide. 

Thi* district consist* of atsjut 2.000 acTes and dis- 
ehurges it* waters into Soliam l*wic alsiut I mile- nls.ie 
Kly. It was, a* its name implies, an inland lake and wa* 
originally drained by windmill* and the steam-driven 
scoop-wbeel previously di~cribcd. Tlw. «tr.»ta of tlx. soil 
.s.nsist of about 4 feel of -ill. .'» to 4 fis't of peal and Ihcii 
the clay. AImjiiI rlotl aen* are held by small holder*, the 
land, iu quantities of .Mi aen* civch holding. Is-iug let by 
tile t 'ambridgtsthirc I 'oiintv I "..uneil. 

IV. Minns'* Kvim. Ililgay Thi* plant. Vfartoa in 
ItKKI. I* on. a.|inimbly suitable for landowner* wishing 
to have, or cnln|*4l<*l to have, their own drainage plant. 
It .s.usi-t* .if an open doublc-wling single cylinder wm- 
driving diftsrt a horuouuil-*prodlo 




V. LiTTLtnitrr and Dow mum DisraitT, Ten-Milo 
Hiver Hank INimping Station. Thi* installation, which 
i* on., of the largest drainage .latum* in the Ken*, wan 
erected in HH'J, It consist* of two doubUwieting o|*-n 
comiNiund eonden*iiiK engine* driving ilin^t horinontal- 
• pindh. higlwffleiency cntrifugal piiui|i- Tlx. .iigims* 
have cylinders 14 inrlm and '.--• iie hcs diamet.r by 13 
inehe* stroke, and an. each capable of developing 
brake h.tr*rsp.iver with steam at a pressure of 120 |*iunda 
r«.r s. ( ii»re inch. 

The diameter of the suction ami delivery pipes is 4S 
inchet. and tlu> end* of the dUchargc* are htted with 
nraltiph' flap valve*. Kach pump >» capable of delivering 
l.VI ton* of water per minute ui».n a lift of Ifi feet, at 
11*1 lon> of water i*«r nunute u|*m 10 feet lift, wlwn 
running at a speed of 2111 to 220 revolution* per minute; 
each pump i* litt.sl with outside Is-arings and utrmm- 
ejwtor for charging purpoae**. 

The condensing plant ix of the jet type, each engine 
driving, thmugh g.«ring eiielo**! in an oil bath, twin 
air-pumps, which run at Kl n-iolulioiw iter minute. TTui 
diameter of ea.'h barrel i* S 3 , inches diameter by II 
inches *tr..ke, and they maintain a constant vacuum of 
2*1 inclu-. The injection water I* drawn fmm the main 
dischargi- culvert. pas*ing thmugh a twin strainer which 
can bn clean.sl without causing any cessation in the flow 
.if the water The air-|mni|*> discharge into a hot-well, 
fmm whi.-h 111.' fessl pumps draw their water. Steam is 
supplied by thnsr Ijuicashuv Isiili rs, 2.'. feet by 7 fawt 
:i inchi*. diameter, the f.ssl water having lt« l. ni|«.rature 
by MHi of a live-*t«»tn beatir. The pumping 
maidunery, Kig. li, i* no arrang.sl that ivli unit i* quite 
ill I. |m l|. |. Ill ,,I ;l i Dl In r. 

The following isssird* of tin' working of the**, piimirn 
have l**.n kindly «upplird by the officer of 1 hi* district: 

r*mm Octnl-r 30th. I»I2, to April Mb, WU, the total 
hours of running were I.4.W. Total fuel c.iisiim.d. «»J 
ton*. Total average lift. II f.« l H inch.*. Total water 
discharge.!, appniximntely. I7H t<> ISO ton* per minute. 
The main drain is about £t f»*'l id. . ansl io all appmxn 
mau-ly 2ti mile* of drain* count. r t th.-n:lo. At starting 
|*>iii1 of pumping then i* fl f«.| of water iu the drain, and 
at stopping it i* lowered to about 2 feet. 

Thi* dutriet ha* a taxable an a of 2t>,l*NI acr.*. lull » 
total area to lw> drained of .'to.tltgl acn-*, which wa* 
originally carried out entir-ly by windmill*. At pmnit 
the whob* una i* drained by two ]siiuiping station*. 7 
mil.* apart, one at the Hundred Knot Kivcr and the other 

at the Ten-Mile Hiver. The first .tea,, ..it . reeled in 

the district was a :ill hor-.-|«.». r engine and *cuop-whcel 
at tlw Ten-Mile Hiver in 1S1M. 

In IK2U an NO horse power beani-. iigine. having a 
cvlimlcr :) fis t li in. he. diameter by S feel stroke driving 
a **«.|*.whe.4 41 EM in diana ler, wa. installed. Thi* 
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The diam.t.r ..f the evluub r is III inch.* with a 
tMiieli «tn.ke, and when Mipplivd « ilh steam at 60 |a,und» 



Kig. fi.— UMhJVarl and Ikna nham Ilislrirt. Ten Mile Hirer pumping si .lion. 

pn'Veui siphoning luu k of the river water wlwn the pump win* I was, in ls*2, increased tn .Ml feel diameter with 

i* not working. The ls.il. r is jofis t by .". Tct diameter. i*lla.ll.«. .Hf.* i long by 3f.* t wide, ami is working to-day. 

Thi* .stain, which u situated in llilgay Ken, disehargea At the Ten-Mil. Uivw Bank Station, in IS4:I. iImi original 

iU water into the Hiver (hjaealwut 5 mile* alnive Denvnr «u>ain-iil»nt wa* numvcd. and an NO hor*.-t».wnr oon- 

aluioo. Tbe inu in 1M to WW mm, and wa* formerly dousing beam-e iigiue wo* en« ttsl dnnng a Kxiop-wbeel 
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of 42 fwt 8 incite* diameter, which waa increased to 
43 feet 8 incite* diameter in ISHO. The wheel luul ."id 
«vh»[ib 7 feet fl inchca radial length hy .1 feet wide, and 
made 4H revolution* per minute, the gearing being 7 of 
engine to 1 of wheel, and al that dale had an average 
dip of the troops 1)1 it foot. Owing to the suhaidoncc of 
the land, thin dip wan gradually loaer.il to I foot 10 
inches, and in 1912 thin plant wan removed, and the 
centrifugal pum|M preriouiily iletrTila'd were installed. 

The rainfall rocortbal in thia district since the year 
ttKII la as MtW! 

1(101 14 . 81 inches. 1U07 20 23 inehea. 

1902 17.80 " 10W Ml 16 " 

IWB 27.0.1 " 1(100 25 38 " 

1904 16. 85. •' 1V10 21.85 " 

1005 18.87 " 1011 20 05 " 

1006 21.32 " 1012 III 01 " 

(a) Horiwnlni Oii-en^ture rlniintf Aoririiaetli-sfriniHe 
Centrifugal /'umfM. — Tltia elasa of machinery haa lieen 



installed especially for small plants in aeveral districts, 
the ftrat to be erected being at Denver Parts in 1807, and 
consisting of a 0 brake horse-power oil-engine driving an 
1 l-inrh centrifugal pump. Mention should alao be made 
of a 24-ineh pump driven by a 40 lirake home-power oil- 
engine in the Maxell Third dutriet, ami an IK>ineh pump 
driven by a 411 brake horse-power engine at Willing ham. 
The author underalaiula that a plant callable of delivering 
100 Uina isf water per minute baa just been installed in the 
Mcthwnld and KellweU district. Thia type of machinery 
haa not, however, met with aa much support from the 
Ken Commia&ionera aa waa at one time anticipated, the 
efficiency for plants of large capacity having yet to be 
determined and tbe danger of fire being points which may 
have been the cause of the slowness of development in 
tliis direction. The interior ami exterior of some of the 
pumping stations referred to are shown in tbe accompany- 
ing photographs in tile hope thai they may be of some 
interest. 



In conclusion, the author vcnturea to express the 
opinion that at no time haa the problem of chlcirnt 
drainage of low lands l*«en of more importance than it 
is to-day. The abnormal rainfall of 1012, and the 
amount of damage done in so many thousand* of acres, 
ba* brought this important question more prominently 
before the Drainage < 'ommisxioners of the whole Ken 
District. That it is necessary to drain these LaiuU more 
eflleieutly may lie due to the incroasiil difficulty of get ting 
rid uf the water owing to the constant subsidence of the 
land, anal also to the fact that to-day a different class of 
produce, ia grown, in many cities wgctable* of various 
kinds, in place of cereals. That pumping machinery isf 
larger power ami capacity are being installed is evidi nt. 
but at the same time it ia quite aa essential that the drains 
leading to these pumps should la* dct-pcmsl ami widcmil 
mi that the water can reach them easily, as unless this ia 
done tbe maximum efficiency of the pumping plants can 

:i. '.. r ! :. ■ i ■ ■ 1 ;n - 1 . . I 



The Coat and the Advantages of Using- Elec- 
trically Melted Ferro manganese* 

Kl.Kcraic ateel furnaces of various type* have found 
a new Sctd of application In recent yeara, aa they are 
ts-tug uiiloly used In Euriajic to keefi a molten supply of 
ferrutna ugn ivese on hand at the converter plant. The 
use of molten fcrromnnganrse Instead of solid fcrro- 
nuiiicnikeNe not only resulta In a saving of alloy, lent 
makes the dii.xldation more efficient and the steel bet- 
ter; and the cost of melting the fcrromnniraueae elec- 
trleally Is more than connicrlsvliincod hy these ndvan- 
taaaa. 

Tills inethnd has been widely Introduced daring the 
Inat few years In Euro|s>. The Brst plant to take up 
Ibis practice tn tills country haa been the llllnola Steel 
Company, which al It* converter plant al Jolkt, III., 
emphiys a 4-ton llrroult funmec to keep on hand a sup 
ply of molten fernowl ngnneso from which 150 pounds 
are taken every' seven minutes. It Is the cxiajrtence of 
this company thnt besides the saving In alloy there U n 
clear adranuge In quality, the soft steel produced being 
decidedly belter for wire |Hirjs«e*. 

In Knrope vnrlona type* of electric funuicea have 
been employed fur the anme purrsaie, ami the Induction 
furnace haa found particular favor la several plants. 
Aa very few exact lljeurca have been published In tbe 
pint on thia subject, the following resulta obtained In 
three Kurupcau plants employing Induction furnace* fur 
melting ferromungancsc should he of timely Interest : 

Tbe three plants In question use for this purpose a 
.l ion, 330 kilowatt furnace, a I Inn, aflo-kllowiitt fur- 
nace, and a 4-ton, con-kilowatt furnace respectively, all 
la-lug of the 3-pbasc, 50-pcrtud. 3 ring Roecbllng Ibalen- 
ha user type, the design of which Is very well known to 
our reader*. 

In the plant using the 3 ton, 850-kHowatt ferroinan- 
ganeae- melting furnace, some SO to 90 tappings, ranging 
each from 00 to 120 kilogramme* (108 (o 244 pounds), 
are made every 24 hours, depending upon the dc 
mauds of live ateel plant. For tbe lint Ave weeks the 
average energy consnmptbaji, excluding the energy re 
«|iilred for burning In the lining, wna 721 kilowatt -hours 
per Ion for nn output of 220 tons of frrroniangaiirw. 

T« maintain the furnace hot daring long Intermis- 
sions 200 lo 250 kilowatts are required. 

As a result of using molten ferro manganese, nn aver- 
age saving of 30 to 40 ja-r cent of weight of fcrrouian- 
gauese required la reconksl. Wllb cold frrromangancse 
from 7 to n kilogrammes are nscd per ton of steel, and 
during a year some 2,100 tons of cold ferromanganeae 
are miulred. With molten ferromaiuninese this amount 
|* reduced to Ira than 1, Hal tons, representing a saving 
Of more than 700 tona, which at |5G per ton represents 
a mi vine of KPUsXl per year. 

In one of the plants with a 4-ton, COn-kllowatt fur 
nace fcrromaiiganese has been melted at the rate of 10 
Ions per 24 hours with an energy consumption of 
T50 kilowatt-hours per Ion. The furiiucc, howcrer, la 
(■arable of melting a romddcrahly higher tonnage of 
ferromiinganese per day, and when Hie demand of the 
Steel works Increases It may be expected that the a[«- 
elAc energy consumption will be reduced. 

At the same time tbe amount of ferromanganese used 
I»r ton of ateel haa been reduced al this plant from 7.5 
or « kilogramme* (for cold metal) to 4 kilogrammes 
it for mulleu metal), which Is a saving of from 45 to 50 
per cent. 

tf the results of these two furnaces are used on which 
\tt base nn estimate of the power requirement ami sav- 
ings to l*» cxia-ctcd In new Installations, It seems wife 
(o ilgure on n saving of 30 per cent In weight of fcrro- 
tnnnganeee ami a power consumption of 073 kilowatt 
hours |st metric lou of fcrroniangaiicsc for a 3 Inn fur- 
nace In regular operation. For burning In the lining 
and heating up a 3-ton furnace about 3500 kilowatt 
hour* are required, and a life of 12 weeks, or -S4 daya 
• lUpruliirM from grfsMarytcat aaa C'arsetasl ga^a«rnsp. 



of 24 hour*, may be expected for tbe lining. From 
these data a Ilgure for an additional small iiower con- 
mimiriinn may be deduced. Aa stated, all these figures 
refer to ludueibsn furnaces. It would be IntereatUig to 
get for comisirtson ilala from are furnace Installations 




Electric furnace for melting ferromanganese at 
Krupp plaal. 

Tile use of molten ferromanganese lias, liowever. addi- 
tional advantages which cannot be atated aa easily In 
llgures. rising to the rapidity with wbleb molten ferro- 
lnatignucsc lasiinies distributed through a steel charge, 
much time Is saved owing to tbe fact that the ateel may 
la* teemed at once. Further, low-grade fcrromaiiguiicsc, 
containing large percentages of Ones, may be easily 
melted In an electric Induction furnace. 

That the quality of the ateel la Improved by the use 
of molten frrrumnugancsn will he understood from the 
following considerations ' 

Tie- deoxidizing effect I* much atronger and more 
rapid than with solid ferromangauene, aa tbe latter 
must first be dissolved and exerts a certain cooling 
effect. 

As the ferromanganese Is added lo tbe ateel while 
tceiultig, It does not come Into contact with tin., slag, 
aud rephosphorlzatlon by reduction of tbe phosphates 
In the slag Is entirely excluded. 

Frequent analyses In the three Induction furnace In- 
atallatlnna In question have proved that the composition 
of the ateel remalua constant from the first to the last 
Ingot for any one charge. 

On account of the uniformity of (lie caiiiaadtlon of 
each incut, due to the better distribution of manganese 
and also to the more complete dcoxldntlnn. (he steel 
"rolls" extremely well. It has been proven that a hoc- 
turn which, when cold ferromaiiguncse waa used, could 
not la- satisfactorily rolled with steel cnlilulning less 
than 0.4 |s>r cent Mn. can, when molten ferromangiinese 
Is used, be rolled easily from ateel containing only 0.29 
|a*r cent Mn. 

The amount of ferromaniaanrse per ton of steel can 
lap considerably reduced on account of the certainly 
that the tola) amount of ferromaiigiim-Me added Is utll- 
Izol ami nothing la retained In ties slag or remain* 
uinllsxolicd In the ileei. 

Tbe contenla of the ladle can he jawrcd at once, 
whereas much lime la saved, uud. monmver. Ibe charge 
need not be so hot from start so us to he able to henr 
tbe ferroiBiinganese to melting temperature. Tbe liquid 



steel remains completely quiet, does not boll, and can 
he poured very satlafaclorily. 

Tbe lining la put into ferrouangaiieac Lududitsii fur 
nacoa In about the same way as In ateel furnace* ; that 
Is, a mixture of ma gnostic, or dolomite, with tar Is 
rnmnasd In hot. Hut because tbe temperature required 
Is not so high us for ateel. and also las'nuse fernnnaii- 
ganeae la usually In particularly convenient form for 
melting In un Induction furnace, the life of tbe lining Is 
much prolonged. From the results so far obtained It is 
thisjght lasodhle when working continuously to mcrage 
between four and live renewal* isi-r year, or even boiler. 

No slag Is requlris!. The molten metnl la effectively 
larolccled from oxidation by a layer of curiam In (be 
form of petroleum ciske. Tlie metnl la-lng saturated 
with carlaui. no alteration In composition «svurs_ Tbe 
fact that such a covering Is used proves thnt the atmos- 
phere In Ibe furnace Is mm oxldlxlng 

While, aa atated before. Ibe Itoeciillng Itialefihsuser 
typo of combination induction furnace la used In the 
three installations here discussed. Use Siemens k llalake 
Company, which made these Installations, has drvebiissl 
more recently an Improved ty|». of ludiictlon furnace 
wbk'h cnmbliuss Hie gvsxl BxkWl of the KJollln. Hoeeh- 
llng-llodenbausi-r, ami Frlck tyisw. noil with which It 
hits been (siesthlo to reduce Ibe *j»rc1flo energy consump- 
tion still further. 

While the data given above from European practice 
refer lo punts uslug Induction furnaces for melting 
fcrrooiniigauese. other typea of electric furnaces are 
also used for thia purpose In Europe. Tile adjoining 
Illustration* allow a 5-ton (Jlrod furnace recently In- 
stalled by the Fried rich Krupp A. 0.. Frlcdrlcb Alfml 
IKItte, Khelnbauseu Frlemnrahelin, I'icrmnny. for the 
melting of ferromanganese. 

The "Day of Rent" and Hnman Efficiency. 

Tnr refreshing influence of tbe weekly "day of rest" 
on a person subjected to the strenuous routine of a busy 
life ia a feature which he himself ran duly appns'iate in 
th< effects nn his •'feclinga" and "spirits." Ttattsjnfchuaj 
of the working-man. Ibe length of (he wurkiiut-day. the 
interjection of pause* far rest in the schedule of Lnhur 
fur persona of different ages and station* in life ques- 
tions of this sort are constantly arising for solution on a 
scientific basis. Not only in the field of manual labor, 
but also in the case of the arlioolchjld, the office-hoy. the 
factory-girl, the banker ami the merchant, effieicnev is 
tbe key-nplc of the times. 

In view of thia. says T*« Journal of Ikt America* 
Mtdi/al .tsirs-iiiJina. it ts of more than luuoitur intcrost 
In know that Dr. Martin and some of his aaaoctatea in 
the LabornUiry of Physiology at the Harvard Medical 
School, have been malting a carr/ul study of the wtlali 
question of fatigue and efficiency from a physiological 
standpoint. A long aeries of oxrerimcnta have been made 
on first-year medical students who were following a regu- 
lar routine of school work during six days of each w. . k. 
Tlie routine was interrupted weekly by the Sunday reis-ss. 
an interval occupied variously by the students, bat in 
no case in precisely the manner of 1he week days. The 
daily observation* made on these persons during aev eral 
weeks allow that nt the beginning of the week the n.-rve 
reaction tends to lie high, that from then until the end 
of (he wts'k there b a fairly continuous decline, ami that 
following the interruption is? tire routine, hy the inter- 
vention of Sunday, it returns to the original high point. 

The decline ia tntcrprvti-d as a cumulative result of 
general fatigue incident to routine. What ia even more 
significant, however. Ia the added fact that a pronounced 
break in tbe routine — such aa the "day of rest" occasions 
—may bring about a return of scnsiijrcncs* lo a high 
point or, in other words, it restores the nervoua tone. 
Studies eon Un mil in this directum should lead to anmo 
useful conclusions regarding the maximum of work, with 
respect to both its duration ami type, that should deter- 
mine the eonditiun* under which the organism of man 
may be maintained without doplotiou. 
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Safety at Sea 

Provisions for Averting Loss of Life 



Tuts devi4optnc«t of our im.nl *>aH*euger steamers in 
palnl <<f »i]U>. speed Mid luxuriuusncs*. ha* for many years 
past followed an upward winn, tt>»> crest of which has 
not yet been reached. Unfortunately a parallel pifljtmw 
in the matt** of safety cannot he recorded. In fact, in 
one wdm', it might no said thai dnngtTs of sea traveling 
ha vp increased. Far th« larger the l»uat. the greater is apt 
to )•*• the list of casualties in case of •prions accident. Tula 
is not a mere academic argument, hut a truth only too 
plainly demonstrated by tin- event* of lli« put f«w year*. 
Tragedies like tboaonf the "Htoeum*' disaster, the? sinking 
of the "Titaiik*," ami quite recently, of tbi> "Km press of 
In land." move indelible memuriett iu people'* minds a 
pwyeholi**icjU effect upon million!* uf people It is well 
that UiIh should hf so; it in merely one expression uf tlio 
natural instinct which bids UH profit hy experience. Itut 
to what extent ean this instinct bi> Maid to have worked 
effecliw-ly in tin* matter of safety at ana? Keceul event* 
lianlly seem to warrant any optimistic view on this point. 
Tmp, the very fact that disaster I tan followed an How 
■POM dUaMcr has given naval constructors little chance to 
make any materia) advances. It ran hardly he expected 
that a lanc^ number of existing "hips l»< radically recon- 
structed to meet I he requirements, now recognised, of the 
maximum attainable decree uf aafety. Yet Uiere are In- 
dications that the l«-*-*»n of the "Titanic" ha* not yet been 
fully aMumilatcd, and it swim* to have required tht- 
renewed disaster \» force home the necessity of the double 
■kin in those great vtvfttuers that parry thousands of 
|Kaa*c-ngcc*- 

I There ean 1* no doubt that the ehief attention of the 



naval constructor, an regards provision for aafety of 
travel, must he concentrated upon the prevention of 
disaster, rather than upon those poor last reaourrm. life- 
boats, ete., which have proved so inadequate in all great 
shipwrecks. 

Nevertheless it will never Isn possible to dispense en- 
tirely with these arcosaoriea, and efforts to make thein aa 
perfect as possible are entirely in order. The provision 
ol various substitute* or partial substitutes for the cus- 
tomary lifeboats has bonn suggested. The motor-driven 
lifeboat commends itself as a modern Improvement, but 
lias not yet proven Its worth Moreover, its use U 
presumably limited, rinw it is hardly likely that all a 
skip's lifeboat* ean ever bo tint* equipped. Kaft* of 
various kinds have been suggested and actually installed. 
Soon after tin- "Titarne" disaster, we published a desrrip- 
linn of a "floating dork," which *liould Im< nOciwd from 
the body of the ship in caw of the tatter's sinking. and 
whieh should remain afloat and provide a safe refuse for 
the passengers and crew until they were taken off by 
some rescuing veaael. 

That there is merit in the proposal, and that it can he 
practically applied, at shown by the faet that tbo Pollok 
priae for tbo beat method of saving life at ana waa 
awarded to a design in which the whole of the hridgc 
structure was so built that it would float independently 
of the vessel. 

It has been suggested that, iu the case of a ship liko 
the "Titanic." the Large deck house* on the boat deck 
might he built upon this principle and ho arranged thai 
they could either be launched front s|weial launching 



ways, or permitted to float free when they become suffi- 
ciently submerged to assert their buoyancy. 

The objections to tut* arrangement are: First, that 
such structures would be too heavy to be launched in an 
emergency with any certainty of safe and sucecasful oper- 
ation; and secondly, tliat if the pontoons wore left to 
float of themselves as the ship went down, they would 
be liable to issoomc entangled with the smoko-atacks and 
their heavy steel guy ropee awl either upset or seriously 
damaged. In nine eases out of ten, the damage to ships 
is received forward of midships, and the vessel sinks by 
tlie head. Kvidenlly, then, the beet location for the 
(MjQtoon structure would Ise at tlie stem uf the ship, and 
preferably on the quarter deck. 

We reproduce, from an earlier issue of the firiare- 
Tiric A Mr hi (a j*. on our front page, the outlines of 
a design in which the upper decks of tbe after por- 
tion of thn ship, a* tern of the midship structure are 
utilized for this purpose. In the design shown, the 
(xmtoon cxtemU for a depth of two decks, covers the 
full width of tlie ship, and reaches from thn midship 
superstructure to the after-rail For Full security, and 
to provide the nceemary stiffness, it might l«e built with 
a sludlow double bottom. The outside bull plating 
might lw carried down until it lapped, with ample clear- 
ance, an inch or so over the plating of the ship itaelf — an 
arrangement which would conceal the fact that tbe pon- 
toon was a separate structure and would give it the ap- 
pearaure of U^ng an integral part of the skip itaelf. 

The problem of securing this pontoon in place would 
not lie so difficult a* might be supposed- It could he done 



YVhi*t)e-bla*t signals and their meanings. 
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Lights and the rule of the road for ships. 
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Unr short Mssl. — "I sin ilirrrlluj: in/ rouTM! tw starboard." Tbe two veaseU srr 
ii|i|>r*a< lilnii ffii.l '-'i. '--iiii t-> c<>lnir "Ujchttx n» xUrlxwinl, suit they will pass to port. 




Tbrer •Uort blasta— "Mjr radars tt ul, m full speed sstrra. - Tbo rcsscl os tb« Wft 
lis* tbo rtcht si «*y, aail Is bolduag en ossl selag »il«*itly to startssinl (one blast) ; 
goat 08 the rlfbt In ailing rail MperU astern. «i'eni|«re also the ltl««trattoo atipo- 
t»ci 



^^PsssaJte 



Two abort blasts "I «m iUhmIok mj emir*' to i«.rt." The batt>r <rnlser Is omlns 
out of bariMir aad eraaalOK otsr to port; tbr tlrOmynt |« ruIhk to port stso. 




Two lu«c burnt*. Ulowa In tbltk wragkot by a 

bavlDi; in* ii) ti|Hin bcr. 



•ri auuVr way but stopped, and 



"llrrra to sn**ti and rrd lo red; 
Perfect aafety- -ge ahead.*' Rac-h ship la •boa-log tbe other ber n«irt H«bL 




"If to your startsMrd cm) apftear 
It la yo«r d«ty to keep clear .... 
If green to port tbera's sought to do. 
For green to pert bee pa rlear of you.' 



The loft band ablp abates a green tight, 
bat *«es tbe red ll«bt of the right band 
ablp on bar starboard band. Th* forsaer 
must tbfeefoce glee way. 




stalling. — A ablp dose hnebil on tbe port tack gives way to ooe ctoee-hsut-il 
starboard tack. Here tbe right lisnil eiilr gives way. 



r|:.,"T' 



a Htramer always gives »sy lu a Mlllagsbl|i. whatever 001 i»urw. 
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in several way*. A* a *iqrgcsttoiL, the dork on which it 
rested might be provided with several longitudinal rih- 
lik* projections which w.ml.1 nsjirtcr wiUi tsjrrc.isjB.dtne 
longitudinal renew*, rank in the outer shoH of Uie double 
laittutn of (He pontoon. Both the rih» and the mwi 
would be tapered in mn section, and both would 1« 
provided with hearing strip* of bronze ur other Durt- 
cssrrndibio metal, so as to insure the ready rolnaac of thn 
pontoon wbisn the ship went down. Tltose ribs would 
effectually bold Uio great weight of tli« pontoon against 
lateral movement when the .hip w« rolling, ami the frie- 
lion of the him would ho sullieient to prevent longitudinal 
movement under the much smaller fore-and-aft fureea 
set up by the pitching of Uie vessel. 

If it were deemed necessary. » fo* holding-down bolt*, 
readily aevewdble and quickly released, might be added 
an a further precaution. A double-deck pontoon, with 
iU deck bouse, of the «Un shown in our front page on- 
graving, would he sufficient to accommodate, in an 
MuwyBW)', the whole of the paaseiisTers ami crew of one 
of our modern kiriathaiu. 



In connection with tlie rollisntn between Uie "Enipro** 
of Ireland" and the "Storatad" questions of right of way 
at »ra ami method* of signaling, especially at clow 
quartern and in fog, bare bono brought before public 
attention. The accompanying illustrations, for whirh wn 
are indebted to toe Illuttratcd Ia}h4vh A>»s, show 
graphically aomc of thn signal* by whistle or ami, and 
also some of the ship*' light signals referred In at the 
inquest at Rimoiuky. ("apt. Kendall in his evidenne 
said: "I blew three short blasts on the steamer * whittle, 
meaning. I am going fnlUpeod astern.' After that bo 
answered me with hi* whistle, giving one proloiared blast. 
I then looked over the side of my ship into Lite water and 
uw that my ship was stopped. I stopped the engine* 
and blew two long blasts, meaning that my ship was under 
way, but had stopped and had no way upon her. . . ." 
With regard to the last signal, it may be noted that in 
the Regulation* for Preventing Collision* at Sea is the 
notice: "A vessel is 'under way' within the meaning of 
Ibesc Rule*, when she is not at anchor, or made fast to 
the *liore or ground." It i* prescribed that steam-vessels 



shall give sound signal* on the whittle or siren. The 
words "prolonged blast" mean a blast of from four to -six 
mend's duration. The word* "»hort blast" mean a 
Mast of alxnit one second's duration. 

In the siatcment made for the captain of the "Slor- 
atad," it in said: "The vessel* slghbsl uric another when 
far apart. The 'Kuipnn* of Irrluml' was seen oft* tlie 
port how of the 'Ktorstad.' The green tstsrlsiard) light 
of the 'Bnipross of Ireland' was visible to those on Isssrd 
the •Stor.uid.' Under Uicso circumstances lite rule* of 
navigation gave to the 'Stunnml' the right nr way. The 
lteading of the 'Kmproa* nf In land' was then changed. 
. . . Hliortly afur, the foi; eiivclo|»ed lirst the 'Kmpress 
of Ireland' and tlien Uie 'Htorstad.' . . . The 'Kmpnsa* 
of Ireland' was then seen through the bar close at band 
on the port ls>w of tlte 'StorsUd.' She was showing a 
green light and making considerable headway." A regu- 
lation of tlie sea saj-s: "When two steam vessels are 
meeting end nn. or nearly end on. so as to invuUe risk 
of collision, each shall alter her course to slarlssxrd. so 
that each may ]>as* on the port side uf the other." 



I In the 

mibjret of the relative, Importance of the aubmarlne- 
boat nnd the battleship by the publication In the Ism- 
dott Time* of a letter from Admiral Sir Percy Scott, 
because this distinguished naval oftU-er rue taken the 
view that the "hulldtng of any more battleships now 
will be a misuse of money subscribed by the citizens 
for the deferjee of the Kiuplre," as he can sen "no n*e 
for battleships and very little chance of much employ- 
ment fur fast cruisers.'" Cfluimcntlng upon this, our 
Britleh contcm|*>mry finpfeerrMg remarks: "For a 
laug time It hit* tw*en nsssrnlsed tliat the suhaiaritie- 
boat must tuke an Increasingly Important part In war 
tactics, and there la no doubt thut In those peaee ujaneu- 
vera where war conditions are simnliired the salimarlne 



ceas. But the storm of criticism which Sir Percy ha* 
raised in the eolutuus of our eohtem|»rary shows that 
tbe change he advocates now must be uf gradual growth, 
and not a coffr/are, and that the aeevptanre of his view, 
aa quoted, would be a grate danger to tbe defence or 
tbe empire, it certainly canni* be attld thut be ha* ad 



which he ■ 

"Hla view l» that at the beginning of hostilities sub- 
marine-boats will lie able effectually to bottle up In bar- 
ber* all surface craft, and that a 'battleship Is not Im- 
mune from attack even In a dosed harbor, for tbe 
so-called protecting I too no at Inn entrance can easily tic 
blown away.' Thus, If a battleship h) not safe on the 
high sens nr In harbor, he asks : What Is the use of a 
battleship?' Moreover, lie says, submarine-boat* are 
dlAcult to destroy, because it Is difficult to attack what 
you cannot see.* Thus bn contends that what wn re 
quire Is an enormous neet of submarines, airships and 
aeroplanes, and a few fast cruisers, provlihsl we can 



We are at one with Sir Percy Scolt in Ills view that we 
should have a great fleet of snbuMiine bonls, hot until 
other powers decide to cease building Isitileiddps and 
ullier surface craft. It would be fatal for Itrltaln to dis- 
continue the present policy mi far as these ore con- 
cerned. A 'Naval OlUeer.' who lias written must eogeiillv 



on tbe weaknesses of Sir IVrcy Scott's i 
we must cease building buttle-dilee. euulrovrrtsi tlte prem 
bn on which Sir Percy founds his concloston. Tbe 
booms protecting barbers have never Isrcn destroyed by 
sulamarlne- bouts, ami although torpedo- lsv*t destroyers 
have ls«<n stile to enter tiarl*>rs thus prusccicil, i ■■■-> 
have dune so by *iumpio>{ tlte Ihsiio.' wltb eituHbh-rable 
damage to themselves. Morvsiver, If tbe enemy'* sue. 
fnce shins sncceeded In escaping from Imrtsir, there 
■ to Britain, and isirtleularly to 

which they might effect when imopiKNed by vessels of 
equal modernity nnd eorrnqsnulliig x|s>cd. No doubt for 
a few years our present surface Isats would viual lu 
tnctleul quality those of the eltemy. Hut If. at Sir Percy 
Scott's Injunction, we ceased hnlMIng kiicIi vessels, while 



In jeopardy in a very short lime. It nuiv not Iw easy 
to Oglit subtuarltie-b-iats e\«in by their oisj»>sIten : but 
by reason of their comparatively low siss-d, they wisald 
never overtake a surface Nsit wblcli might eseiiis- fneu 
harbor. ResUlni. It has mil hern cxluhllslicd l>y Sir 
Percy Scott that the torpedo, practically the only 
weapon of the siilnnarliie boat, wmlld be etTecllve- 
the mdlus of action of siicli boats when sub- 
I Is very limited, not maeb more than 100 mllnv. 
no thar In taking a voyage nrrosa the Xortll Sea they 
would have to proceed 'uw*>di.* and would then ls^ sub- 
ject to attack by torpedo Issit destroyer* uiul other sur- 
face craft, ausl by aerial v.-anels. 

In dlscu-dng UtU matter la not wo 



it to regard the 
problem of lite future potentialities of Ibe sobmarloe- 
Itiait from a mechanical atamli»lnt. I'nttl such erait 
are made more powerful, are given a higher speed, and 
have a much greater radius of action, their success must 
be limited, even In attacking vessels In harbor, partlcu- 
' ■ i i presence of the latent system of subn 



luiudinens, osneclully In harbors and comparatively shal- 
low water*. That progress 1* being made lu tbe design 
of subutaiine-boals to attain the advantages deddcrutcd 
Is undoubted. The British Admiralty are fnlly alive to 
tbe luasdbllltlrK of thb) new type of craft They are 
vigilant la their study of program In other nnrtea. and 
orv acting with enterprise lu the eitcouragement of de- 



chlucry nml ton«lo design. The Interests of tlte nation 
preclude us from givlm; Information regarding tlte latest 
British experimental vessels, but It may be said that In 
tbe oite case tlte sUe exceeds that of any submariner 
liaat yet ordered, and that In another case the aim Is 
fur blk'lier S|**sl When tlira* two Vessels are completed 

atlml rally tbe Ilium along which further development 
may be made. 

"Flrct, In rerun! to site. It tuny he said that Ibe larg- 
est of tlte (lerujHU txsits Hearing eomiih^rion has a dis- 
placement on tlte surfiute of 7*X! metric tons, aitd sub- 
mergxl of mill tons, tlu- length beiug just over 21 « feet. 
It Is propelled by two set. of IMewl engines, together 
of 4.IMJ lirake horse-power, working twin aerews, and 
It Is antldpaled I but tbe speed on tbe surface will be 
alswi 3d knots, and submerged about 10 kuuU. Ruadu 
Is understood to be building a vessel of eonskleraldy 
over 1.0UQ tons, und pns;sisiiU for ship* of as much as 
I.Tiki nml £0011 tons dlsplucemetit are being conshlered 



to curry a greater orTeMve armsim-nt. 
iDcreasliig tbe number of torimloes, or by lilting 
gun* with dba|i|*Hiruig mrrlnges, for which cavities are 
form>«i in the deck, It la understood tlial. so far. only 
I'J-lssiiider guns are fxintempntnl. If, however, four 
iniiix of 4 Inch caliber were adoplwl. the dlstiuiivinent 
require to lie Increased, while the adoption of 
IHik Ii runs would necssdtate nn Increase in displace, 
of 1H |ier cent over Uie vess.1 with 12.pnunder 
Increase In slae. ton, demand* greater power, 
even If Ibe speed ts> cisastaot and the aim is to get Mill 
hlrber «|st-.ls. So fur practically ill! modern subma- 
rines an- pmpelli-d by heavy oil cuglihc*. and little dlfll- 
tulty iired 1st ex|s<rleocnl In supplying to a submarine- 
boat engines uf 4,000 or 0.000 horae isrwer without In- 
creasing to any appreciable eitent the sine of the lndl- 
vtdual cylinder. Hureuver, |iri«rew* has uDilnuhtedly 
Is-en made In the ntllablllty of anglnes with cyllndere of 
much hlghiT power, a ltd one may anticipate In the early 
future eyiiuders of 1.000 horsepower. No trouble need 
1st autlHiaititd on thb* score excepting that Uie size of 
the fblp iniiHt go ou Increasing If higher sjmxls are de- 
sired than ant at ■■resent anticipated. 

■There bv however, a growing dls|sstltl,m to experi- 
ment with steam turbines In snbiitarine-lMMits, and It 
will lie rentcmlten-d Ibiit I'rance many years agu ud<ipted 
it Itii.h l.illei' for develoHng steam for driving subma- 
rine Ismls. but the results were snch that tlie system 
was discontinued, largely because of Ibe time required 



tlwt isTfisttl.m of olt fuel Imrnlng apparatus for water- 
tills- l-tllers, niHl the great gain In the Introduction of 
the steam turbine, opinion lii r'raiice has underrortn a 
rtiange, and at the present time there arc being built a 
large number of sabinurlne boots, with express liollcrs of 
tlie V*rmw lyi»\ having specially small lubes, In order 
that Uie water eunteuts may be less than la the case evttl 



with dewtroyitrs. The turldnes are of tlte Parsons tyi*\ 
to run at very hlgb slated, rearing bting intnsluced bi- 
tweeu tlw turbines and propellers. The four submu rlite- 
Isnats of this type most advanced ure tltisat built at 
liocbefort. of UtU ton* dbcplnccuicni, and with turhhien 
to give 4,000 sliaft horse-pvwer, lisiuely, 2.000 on eacli 
shaft. Two others are bulhlliu; at t'hrrbimrg. and In 
thLs case tbe displacement Is U50 Ions, the power being 
ft,i«ii> shaft horsepower. There will be electric motors 
for propukdnn when subntcrrsd. as in existing vefen?la. 
It Is understutsj that even larger sleum-drlven suhuia 
rlnes are about to 1st laid down, the power of tlte tur- 
bine machinery being 10.000 shaft burse-isiwer, and I he 
Mated nntlcliuited over 20 knots. It 1* under conslilera. 
lion in this latler case to tit. for low -peed running, ull 
ir cruUltig en tile surface. This wiaild nut. 
oil-fuel supply, as the nil engine has a let** 
iimptbm than the steam Installation. Thus the 
radius nf action at cruising s|ss*d woukl lie very greittly 
Increased. It Is n mac of Isiblliclng adwilitarr* and 
dlsadiantages fruni Ihe weight i.ilnl nf view. It re- 
mains to he m-cii wlicthi-r the oil engine* for cruising lit 
low «.j*ted would save, under given strategic conditions, 
an amount of fitel corntsiajrallnA to Ibe < 
tlmi at low sist-d of tbe steaiu engine, und ■ 
isiuuitr for the weight of I lie oil engine, which iuu»l ls< 
dead-load when running at full «|««l But there still 
remain* tbe fact that greater iiower of offensive, lilglter 
sfssst, and wider radius of action all ii«^~s1tits< of the 
ruse— Involve lurrcasc In sire. 

"Kvery Increase in the sire of a suhmarliie-lssit n<4 
only wM, to Its vl*lbilliy when running awaslt. but In- 
cnnws tlte time und dlstniss- r«|ulns1 for dlsup|iearing 
If tlte vessel has to dive, and not in sink on un even 
keel. unlets< the auric at which Ibe ic««el dives Is made 
mnrh sleeper. The difficulty in such case litis reference 
to tile electric storage butteries, and in other reasebt 
: Itqubls, where ullenilious In the level lulro 
lnHuiiiees. Tin- acuteuess of Ibe angle 
of dive. too. Itiieib-itlei. the dlfllmlty of »ul~«j<iiii!ly 
brillglng tlie Vc>«tel to un even keel, and lacn-uscs the 
■latiger i>f the vessel striking tbe boltom. a dvnrer uiilch 
lus Involved [lie beat of niMt or two vllhluarllie-Uials of 
•sHitiainillrely tinall sl«.. Unntcr <b>plh of water Is 
required fia- «in li otstralbHis. so tltat only siaall iewels 
ran I* u>ed in nllueklnr ships In hnrls.r. 

•TlMtse vurloiN developments in the mechanics of lite 
subinarlite sltow (hat tirorrcss la Ising uiiiih-. bill tint 
probb-ms liave wi many v.trltnils and demand sis-b cure- 
fut n-scarch thai II would be a nilsluke to linstevi nn 
duly tliir^. resjiuiisJblc for r lie evil ul bin of design. What 
is ilcniuoded on the part of our naval authorities I. |o 
move with as much rapidity inward fmiirnirmciif as Is 
cotislsletit with the lm.umnee of Miabllily In each ves- 

s!tl Iniilt. and at tlx- su lime t,. uuiutnlii as much 

ais>rec) as tsisslble. Fnan tint utcrhutiinit tsdnt of vlitw 
Ibe sulnuiirlne Is uiubaibbslly in a transitory stale To 
ncw-pt any design at the moment. iiimI build a gnyit 
inilnU-r <if vessi ls In nrrw or Hie r<«iuin<nuiits as uieas- 
iinst l>y .air opisislug forces, would la- niululy to tax the 
<ltl«..|e,' resptnisltilltty f.ir the drfcia-e of the ciu|.lre. 
with tlu- exlrenie pr.^.iiMllty I tin I the ve**-ls thus built 
would l». olisolele III ll very short lime. Tor Ibis n-ason 
we advocate an active [sillcy by the admiralty, hut 
would reran! as a laclieal blunder Ihe mclistlug of the 
tiiillillng of sblinof ibe line, particularly wln-n all other 
powers are cisatluulug tu add to their lbs>ts Iui1ttesbl|« 
und < 



Hyadman Peak. Idaho, the highest named peak 
In the Hlatc. Is more than ILMHXI feet high. Scleral 
linnuiutsl isatka tu-ur It are <tf olxinl tbe hiiioc eleva- 
tion. All are on the .livl.lr Isiwccll the Sawti.llll and 
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How the Ancients Would Have Controlled the Mississippi 

and Its Tributaries* 

By Sir William Willcocka. Cairo, Egypt 



Wilts I went to Sou 111 Allin for the ItrllUb goveru- 
mtiit bImiui ten years ago 1 remember being uskcd lo 
addiv*> ii nuioiVr of Boer farmers uu the question uf 
nisi, wlikli had attacked tbeir wheat crnti*. After tie- 
Tilting lo tbchi bow Uu- KgMMlaun liad for 7,l»») year* 
-'•mi wheat ami leguminous crops In rotation, aud at 
11- of those 7.1M1 yours bud their laud as rich as 
il was when Ihey llrst begun, while tbe IWn lu 50 jure 
by growing ccrvub only liuil made their land so l««w 
they could scarcely get utiylblug lo grow- on It, I thought 
1 had matte in impression on those [ssifile; but when 1 
I. nil llriisbcd, tliir ■ Tut trui3 n -mid to ini' : ' Now ilun't lull 
1.. u» ahout those exploded ..Id world theories of rota 
lb.ii of cniM. We young people liave altogether grown 
<iut of that." My discourse uu that occasion was fruit- 
In* 1 bwi* for different thlugs from you. 

With your pcrralsslou I uai going lo (ell you how I 
think tbu ancient* would bnvc controlled tin* Missis 
sippi River and the flood problems you have lu Ibis 
country, The |irt»liLcni* on the Mississippi are hurder 
lliuu those oti tbe Nile. They are like those on th« 
1-upbrules. but ibe Tigris l» more difficult. In Egypt 
they began reclaiming tlie delta from upstream down- 
word. When llicy luid reclaimed a certain |wrt they 
tot the wafer how on nnd reclaimed another, and no imi. 
Tbot in a simple problem. Uu the Euphrates and 
Tigris tbey began from the mouth upward, as you have 
done on I bo Ubsdsalppi. 

slxe t .r the Nil*, soveu (linos the id/* of the TUjrU. and 
twelve lime* tlui slxc of the F.uphrutcs. But siac In 
these i)ii«t(loiix lias nothing to do wltb difficulty, lu- 
deetl, I have utwuys found lu any problem* 1 huve had 
to do with, ihut (lie bigger the iirotilem (be more (any It 
win to Holve. Vuu can sec u big problem no dourly and 
Hi- lutrut. I have alw-nyv ooti*UUr»tl 
: like tlvc Aiuuan dum wltb IsU opetiliiiCK I- 
b«j» i>f ii problem thuu ii dtiiu or a hrldi&i wllb only 
one xi^nlni;, Ixtium? If one full*, and you have only 
one, the whole IbiJu; falls ; but If y ou have ISO and one 
or Iwu fall you have xllll )7v And to brliuj It bom* lo 
till of us, I uin sure tberc Ik not u sluKle tuarried aiau 
nniuiii; us wh.) <l.x>» not know that Solomon with his 
:«IO wives hud a niufb easier problem tbau any of us 
bus with his one wife. 

The ancients were always very uiurti lu earuesl with 
Ihelr rlverw, fur morn so than you are here. In this 
rt.uoirj tbe lands likely to be Inuiiduted by the rivers 
lie here und there acatiens] over the fnisr of tbe coun- 
try. But lu E&pt und aix-lent HabyloDta they bad 
nothing but what was Irrlejitrd by tlwJr rivers and nble 

ImiiKlne for an tiurtiiut the Senators und Iletireseuta- 
lives in WasbliiKtoii fitting ilou-n and lojoklnir aca- 
demically ut Uie <|ucsUou of the Mississippi Hlvcr 
l.vet^ If the fil|iltol Itself were l.s-nti-d In-lilnil one of 
the levees of i lie Vans, basin. Or liougioe, as you have 
bere, tbe commission which lcsiks after tbe Mississippi 
hireM luklu« cure to locate lt*ir well up at Uiuls 
where It is totally out of dimmer. In Babylonia wt 
should have tniKle Ibtm nil IHo Ivhlnd the worst of 
tlwlr Ii-too*, and wbutever else tliey did tlu-y would Dot 
liave bud any broncho*. 1 ls*Hevc you call them cre- 
vus^«; wn rail Ibcru breaches. Accidents bii|>jH.Hjed ou 
the MlMHlssippI In r.112 und millions of iieres were Inun- 
datisl, 4,VMkiM>— tlse whole ot Kitypt 1« "ill) u.<hh.is«i— 
and llttlo thought wil< tnki-D ..f It lu Uibi country. In 
the seventh ev-mury of ..ur era a very »er1..n» m.nrb 
ureiirnsl In the TL-ris levee, mid the KiiiK on that occa- 
sion threw +is) cmrinis>rs nnd siiiM-r% Isow Into tbe 
tireiich. 

In Is**", when we lmd onr hist very hlc.li tltwsl on the 
Nile I stiw n while liuiriMl iouil ^olnc als>ut bl» work 
very esiiTirt-t irully , and I .-Miid lo blm, "I liave never 
»»-ti mi ol.l inun us i-nor.-Hli- ns you.'' Ho said, "I am 
u.4 old. only rny hulr Is er.i>." I said. How did It 
Im-ii.iim' KrayY" ||,. «j,|.l, • | hail charge or Iho Mle I Jill k 
lu lite jreiil lirencli ,.( i>7s. when ii ( «.s.-nrred the Kbe 
dive lelecr.ipbtsl i<> throw the t la-tneer Into the broach. 
I was that uufoftmiJile luati T\ny dl I not throw me 
In Is-eniisc the leTecrnm nrnvt-tl ut evenlnir, nntl tlw-y 
«« they would ,|.. II at .luyl r.-,V My wife and other 
ni.-uib.-rs of my r.iuilly went up on special tniin to Im 
|.|..ro the KheOlvt- to let inc «3. Anil 111 tl«' UlorillUH I 
r..nntl Unit iu> Ii ill Ii: ..1 ;nm'ii alisollitely gray." 

The Ml<-is^l|>iil li us I n reclaimed, nnfortunalely for 

•l'..|..r |ir ^t|. .1 it tin- nuiilir uiuiohty UHStlus of lit* 
Cuilli.-rs Xoclely ur Msi l'.»ii«ylra»>.. St., 13th, I»14. 



Itself, from Ihe mouth uin. Irfiulstana made for Itself 
debba and gardens behind its leveea. Wheu the next 
state farther up toe river made lla lovers and concen- 
trated the flow, It lrtit JyiuWslin Into dltbv-iilllcs, lyiuls 
iana raksed its levees, uud then It went easier until the 
neat Stale up stream started lo build levees. Aod how- 
ever hard lAiulslana works, It can barely keep abend of 
the difficulties brought on It 

That Is exactly what happened lu Noub's flood. There 
was ho Xouh's flood In Kiry'l*. because In making their 
river control works, they came down wllb tbe river. On 
tbe Euphrates tbey traveled up, und It was a very lar«e 



throw lb* whole waters of the river on those hiwer 
down, which pruduced the culastroolie known na Noah's 
Itcsid. 

Tbe Mbadsslpiii from Cairo lo the sea hna a length 
of 1.000 miles; In a straight line It Is "si lullea, and 
(be width of tbe vnlley la about 50 miles. Tlie fall In 
Dotal Is 32U feet and lu low waiter 'J30 feet ; 1.540 tulles 
of leveea are along lis banks. (In E»)pt we have alsnit 
Ttir salient |sdllta. where the 
side to slile. uoed protection and 
cover 4V0 miles. Tlie nalanrf rrsircolri lu the Mlaals- 
slpiri Vnlley, which I sJiall cull batim* to dlstlnxulsh 
thtin from reservoirs which are imiinsnl lu the hills, 
cover a very lance area. The Kt Francis bnatD wltb 
l.iNXi.tHJO acres, tbe Yaioo with 4.0U0."O0. tbe Tensas 
wllb S.000.CO0. and smaller rcacrvolr. ou the *ldes, bring 
the total above »h« Red River lo I'iOoH.ouo acres. Down 
stream from the Red River are fiJWUHKt ncrea. Tht*e 
eJre nltiscether lft.OuO.OOi) acres of natural reservoirs. 

I.lkv nil delink river valleys, that of tbe Mississippi 
Is Highest near tbe river bank, and slojiea awny to the 
bills on either side Id places the water at tbe bank Is 
:iO feet blicber than at the hills, so that when tbe water 
makes a breach It hna nlerjty of land to go over, and 
Buds It very easy to Itrl awny. Then this river, like all 
deltaic rivers, brinies dt>wn a creut deal of sediment. 
But the river sunn begins lo drop this Into its bed. and 
then cuts out from Ihe sides at the bends. Low down 
in Its course nearly tbo whole of Ibe xedlnteDt In tbe 
river is thi 



Allowing six feet of water above the natural bank of 
Ihe river, which Is where tbo tlnod of 1X82 came to. I 
calculate thnt these natural ba*lus, or reservoirs, lu the 
Mississippi Vnlley Itself represent nbunt 12.VXI.IO0 
acres, clsbt feet ileep, or lisi.don.flot) ncre feel. I liave 
put these flgures Into ncre feet because left In cubic 
feet they run Into nine or len naughts, which represent 



Now If the ancients had had this river, tbey would 
have ennsbtered these reservoirs as a great uaset. and 
never would have used them or let them be cut by 
levees until they were quite sure that all the lands be- 
low were well protected nicalusl inundation. As tbe 
first hinds to be ris-lalmed were In Louisiana, the next 

one of two thlnpu They woabl have either run the 
levoe down one half the length of Ihe Tensas, letling 
(he other bnlf be flooded, or tbey would have tuknu half 
the basin lu tbo length of the river and surrounded It 
with levees, and let the river go around tlie other hnlf. 
But they would not have allowed a levee to be pat up 
until the lower ones had been strengthened. Having 
done that and allowed eight or ten yenrs for tlie river 
lo adjust Itself lo the new <-..<idlr1i.ti>s they would huve 
gone to tlie next basin, lb* Yntoo. and taken half of It 
and treated It In the slime way. previously protecting 
all Hie levees below. Then In thirty or forty years they 
would bine gone to tlie nc\t. (he St. Francis, und taken 
half and treated It the same way, taking care that 
everything from there dowuward was well above the 



As this operation went on and the waters were cut 
tiff from overflowing tlie haslua and kept within the 
ehaunel, the liver woaM gradually hare widened, and 
amy he deepened Itself, lo meet tlie new conditions. 1c 
simlil liave neetlod time for that, but you iicojrie In this 
country give nothing time, and the Mississippi Klver 
has had uo time to do anything In all tbe operation* 
tluit have been performed ou It. Every time n breach 
ol creviiratr «T-un> 111 a levee tlie river down Mreulu for 
M or AO miles la totally disorganized and nil the g.sxl 
done In previous years la thrown nway, and the work 
of milking thi- channel suit 1(8 Dew conditions boa to lie 
done again If It bud been dime in tbe way the ancients 

acres of valley. 



would have bad 'J.Otsj.OOO acres thoroughly reclaimed, 
and tu,OUi,i>jo acres still covered with water lu Hood 
time — and being greatly Improved wltb the mud depos- 
ited ou llicm. 

Acting in a way different from this, uud letting every - 



than olrnut l.Omi.1100 acres have lasin riH.-taiiu«L I 
of n.iiOO.OOO, and much of It Indifferently, while 
prlmcrnl forest covers by fur Ihe larger part of tbe 

Home may say tluit ihls Is purely an academic discus- 
sion. This Is what tbe ant-ieuts would have done. Now. 
the .|ii.~ll,.ti lieTore us Is wltb Ibe river as It Is; su|>- 
e ancient engineers came Into tbls valley as It 
Is to day. what would they have done wllb It? 1 wilt 
lln.1 describe what the Mlxds*1|i|.l Valley Is In-day. If 
you go down from Cairo, tlie tint lsialn on the right 
bank la Ihe Nt. r'rands, wltb j,h«i.ii«> ncre*. and It has 
a levee nloug altnosl Its entire leligtlL Tbe Yaioo basin 
of 4,ut«<.<»»i acres on tbo left lias a levee along almost 
lu entire length. On tbe right bank tlie Tensas with 
:i,UOU,0t«> acres has the same; und from tbe Ited River 
on, both banks have levees i««t New Orleans lo tbe sea. 
Tile small basins are unprotected. 

I will lay down a few profs wit I. .us. Before a baslu 
like Ibe St. Francis Is allowed to liave a levee, from tlie 
cud of (bnt levee downward, oalcula tlofia should be 
made and tbe height of (he flood which Is going to be 
artificially produced by that levee, calculated. Thtl, 
proWes of levees S feet above rn»>d should be put up, 

10 feet wide, every 10 miles all the way down tbe river, 
so that every man could see for himself the terrible con- 
dition that la coming. 

If. for example, tbe MUedsslpipl when la Its banks, 
discharges l,<Xsi,i«s> cubic feet a a-outd with a velocity 
of 6 feet It has worked oat for Itself, owing to the kind 
of soil which It has In lis valley— and a very poor and 
bad aatll It l« to retd-t the current— 11 bus cut out for 
Itself a channel 5.<s<! fw-t wj.tc anil 'M feet .icep. If 
you | Kit Ibe whole dlacllargc of £000.000 feet a sec- 
ond, that passes Cairo, into tbe stream It would U-gln 
by having a depth of 4N feet or It would rise IS feel at 
once, and with its width still &000 feet, a velocity of 
S feet a second, which 1b a great Increase. It would 
undoubtedly begin lo widen itself. This river has a 
width which 1» 150 time* Its nntnnil depth, so that wheu 
you Increase Its depth by 15 feet II would want to In- 
create Its whltb by over 2,AuO feet. But as II Increases 
Its width by every 10 or II feet, tbe section bicrejses 
und Us de|ith falls. Wltli water which is wonderful In 
Its adjustment, the stream would adjust Itself, and In 
lime. If left alone to work out lis own salvation, II 
would become a river about 8J00 feet wide and say *i 
feet deep. And so gradually working In this way. yon 
woald have got your river only 7 feet al»>ve Its banks 
In highest Hood- But working suddenly and raising 
siMbU-iily Is not engineering. 

More Important even than the levees as the river 
sweoiw around lis bends In its valley are tbe protective 
at Its sides. Tbls protection Is very well done In 
this country. Not enough Is done to keep pace with Ihe 
requirement* of the river, but what is done Is well done. 
The liver, lustead of tearing down Its Istnks In poor 
soil, Is fixed by matting and stone, an though It was 
flowing betweeo bills. With (bote protective works I 
consider that. If tlie river in Us natural soil can run 
0 feet a second without dlfllcully. It could Hike T feel 
uulie easily if well protected. Now, In this couulry 
Is lit. nervmlsuess In raising tile water lo feet In 
and Increasing the velocity from t; fis t to s feet, 
but tbe extra velocity that would come ftoin these great 
l*>ndfl being cut nevraa to make the cliniinel shorter bus 
occasioned extraordinary nervousness. Yet of the two, 
as I nee It, this ts tbe less dangerous. If yon Increase 
Ibe ielocl(j from 0 to 8 feet. Ibnt velocity g.s.s clear 
down the whole river: but If you cut off a Is-nd and 
Increase (he velocity at any |».lnt, you liiumsliately de- 
crease tbe depth, and tbls has a wonderful way of ad- 
justing Itself. Tbls I have seen for mysoif. Hut If you 
let a cul off lake place In a high flood when tlie river 
U full and vobsity vi-ry great, you court an enormous 
amount of damage. Such things the nuti.'iits wonld 
have done Just after the flood. They would have cut 

11 so tluil the river would have bail eight or nine months 
to flow under Its new conditions, and wb.-u the next 
tl.ssl came it would not have been very serious, as the 
river had itiljastcd itself to its channel. For in all such 
r|v.TN, If yt.il can get thi. low witter supply lo How In 
any channel, and it la happy In (bat channel, the flood 
w ill follow It witboat any dlmcnlty. I , 
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salient bends ure u'cJl protected with mult rename aud 
atone Ui your brM niyle. Well liurut, huge bricks of the 
Babylonian typo might be ckcaiuT noil better than Mono. 

Where Ibe levcc la tar away fruin Hie uiatlres* pro- 
tections It might pay to protect only ).•»> feet 1** mile 
aud let the river hlte lata ita bunks between Uieae Axed 
point*. There would be n limit tu the biting action, tod 
a million dollars might go as far u» thr»e million would 
go If you pr.rtcctnd every Inch It Is worth tr> Liiac where 
live levees tire fur littol;. 

It lit often u.1.1 I luil the river Tln-lna, In Hungary. wo» 
it winding river, null I hey cut l.O Ihe laiuta with lb-.- 
re«ult Hull Hie water nwept thiwn the valley and do- 
ulruyeU Ihe lowim mid liilnU lower down. Hut that wit?* 
very foollnlily doiie. If Instead of beginning at the 
source uud cuttlug 10 or 12 bend* off at mice, they had 
la-gun from the bottom, or mouth uf the river, and 
worked upward, cutting oil one a year, they would 
hare hud uw of those dlfliimlllcn. uud Ihe ellulioll .if 
Ihl* river an a tyiie «if that kind <if work I* Dirt an aecu- 
rate Udi>£. It wan a very hndly managed Job. 

Whew odoc a river has nccusluiDed ilnelf lu a new 
channel we know frtun tlie river Nile, wluna- r.n:orda go 
Imek 5,000 years, that streams like thenc ralne tlietu- 
aclven gradually en their beds very' shmiy. The Nile 
Valley rises about 0 Ita-hes In U«l year*. ITU* 
Kiiphrutoa lia» risen abeut 1 >Si feel.) S.. steady li Ibis 
rise tluii to-day If you dig ih.wn 21 feet In IIm* Nile 
Valley aud lliid Ihe foundations uf a building you con 
calculate Ihe number of ycun ul 5 luclien for every 10" 
yearn, and you can any U. t\ 1.000 or Ti.tjoo, or what- 
ever it may be, thin building wan bulll ti. tv And when 
yuu dls It «1» and Ood the remains yuu are nearly a) 
wuyn rlKht. us the rine has lawii steady through all the 
cr-iiturlc*. And although no records of Ibis kind gu 
back In Babylonia, yet the mime thing la true, tiectiuac 
Ihe foundation* of I lie different 1-ulbllNg* In dlrTm-iil 
agca and the different fads recorded all Inur witness 
to IhU steadiness of rise "f Ihe country, 

Now I repent tllat of all Ihe Ihlugn visa do oo Ihe 
river, the llrst and most luiin.rtnnl In to protect Ibe cut- 
ting of Ihe UalikB al the salient hernia: beeauw when 
you itien«»e the n-ha-tty and ebntiije the river from 
what It wua, the tlilint to do la to llx Ihe 
which II nillMt lion. While It wntidor* 
llDiit.f, it dm-s not mailer nhat It thiea, 

I luive r>iu«ldere<l thin lirobleni imly In 
lay* Karon* at the Hed River, la-eatue lielew Ihla there 
ueed Le no dlirerfiice. This la a very efficient mcape 
which eihm iut<i the (inlf of Mexico, nod la cu table of 
(atiiiK uway all the exceaa watera I have aeeu It muled 
that a river ia Killed by havlnx nit e*ca|ie like that, 
hut I think tbnt U a mlaNtutenMut. If a river la carrying 
l,Wa\(a»< enhlc fei l a w.v.inl In II-m-1 mid » l.rwh <« - 
<'Ut> *ti one hank, and TaaKOlio cul»lc fc^'t -or* away, and 
arliarKitut is&wi eiiliK- feet, 
Hwlf nirryhur .aily l.taai.mai. the «lll la 
dlately dejHxlled. Hut if yon have u river ranalde of 
carrying l„l«l,«Xi ciililc feet and It auddvuly baa 2,000,- 
0M cubic feet put into it I think 11 la a wlae thing to 
let Ihul extra ."axi.On) cubic feel xo down the wnpe and 
never enter tho chatitiel cuiatUe uf carry Inc l^iOO.OOO 
cubic foci- I am raUter nwty in my Ijitln, anil I wl«h 
you to eiuTvct nw If I am wrong, hut I think the <M 
Latin puisne la Vflfaro nim lacil lajfam. - that la. "Sn- 
turft mukea no teajnL" It In rx4 the deilberale reuiovnl 
of water, but the nudilcn removal by bnatclMai or crev- 
amcn which U no harmful. 

There la no rtMervuIr thil you can find for a river no 
good aa one .if those tincu l.a>4na on ha bank*. Th tf 
river cnrrlcs tin 1,0uu,iaj> cubic feel iier aeeotid and II 
U within Itn kutika. Aa It rtwn nl.ovo l.mnonni It over- 
flown not In one iflurc. tint In n hundred or u llioiiwitnl 
o-r a million. aUin« On entire lenitth of bunk. That kind 
of olerrtow doeti not illaurirauixe the atreum. for it leave* 
Hie stream In iiorfoot order and rclleven It of all evcenn 
of wjler, no Hiat II you oinke a le»ee ahmg one hunk 
of tlw- river uuil lei tlie oilier overflow, you jpet a mod- 
erately li>or«.a*o<l ^>ur uniler euilrol. und ma! out of 
culilrol, un It In if leveea ure built on both aide*. The 
nrjctcntn did fhla alwnyn. They built a leivc on one 
bank, and wIm-ii Ihe river waa ca liable of i«nalnx the 
exei-an of water wtlh mie levee, they went to work on 
the other. In (lii» country you have hn>uaht hoih levcff 
up tiNtefln-r. If the central giivernmcnl were In nay to 
a Ktate, tf you put np your levee where we are not pre- 
pared for II we ahull rive you no help, tlie state would 
wait until the levee* la-low were reiiily, U«*\mc no one 
in the valley would move it hnnd'n lireudlli If they were 
aurc Ihut the central authority would rfvo theni luifhlns. 

We often hear It ntatcd lhat (hliign ar* hetler today 
than Ibey were In K'C. wln-n Ibere wan one of the srent- 
ent Honda the MlanlnnifiM ban known, bcoau-f Ibere were 
4-12 breachea Ibeti and <itily nine In 1012. Ilul wlien the 
water wua only of a moderate height above the coun- 
try, hundred* of breui'hcn would not do un much harm 
aa one breach when It la 12 or 15 feel above (he level 



It tuny In.' 
Ihe other, 
lo Ibe < 



'Oil u pity to 
levee and to 



of the country. To compare these toany hrencbea with 
one btrjce breach la very well explained by a fable uf 
.>:*o|i whk-b nicely eipreaaea this nltuailnu. The llano* 
with ber mic cub weul out for a walk aud met the fox 
with her ion cul» ITie fox called attention to the great 
dbacrepancy In uumben between her Cuba and the llou- 
eaa'. Tbc llonoa repllod : "My dear woman, tkU la a 
Uon." 

To-day a new difficulty haa begun to appear owlnff tu 
raining Hie water on the leveea up to 10, J2, 14, or 10 
Iwl. Ttreac arc • bulla." Where the water la S or 0 feet 
tilth on a lcvoc there i» no dlfllculty. 
walcr rinen. It forces il a 
burled in the noil uoilnr it 
bored l>y crabn, aud! burnt" out on the other aide like a 
gcyncr. Many breaches in the laat overflow they nay 
are attributable t" »wMen uiulermlidng of the 

levee which bo human being could foreaee. 

So neriiKln han thin hcroino to-<lay on tlie MbadaallviM 
Ihul Major Kuhney, one of tl«? 
"loverumenl enirtueerH In Ihe valley, 
neemomry lo build two leviiw, one 
which will add many millioua of ■ 
of tlila work. 

I have often heard It wild that It t 
allow any luiul nol lo Iw pruti-eleii by 
leave It o]n-n to thn Ihnaln. Hut when }l 
oul of Ihe 12J*»M»J0 ucren In Ihe upper valley, lucre 
are only l.injn.utai cultlvuictl to duy unit sigajjtmu are 
>4III i>rlnieval forext. to go ahead and lliruw u|i leveea 
lo drovin out iieople down below In order to |»rotec4 a 
lurise area of primeval forest In not doing any good to 
Hie country, hut ratlier barm. While if the water wan 
allowed to flow over thin land. Dot us It likes, but within 
.liken carefully don,, an It In In Kont. thla land In 20 
itt 30 )eur» would lie no much improved tliat lhin*c peo- 
inle wbouc land wan ontnide the leveea would tmaalldy 
IIimI Ibeutnelven heller off than those who had been In- 
nlde Ibe leveea. In two yoara out of three they could 
set llmt-clana crojw on uniirotected uuid; and even In 
bud yeuex u half croti if thoy wtahed. 

Willi theae proponltloiui. I shall Dow go lo the quea 
lion of what Hie niiciejiu would have done If ihey 1 
tlwrnm-lvr* In tho vulley to day. The llrst thine I 
HK<y wouhl hure done, Judicln* from whtit 1 have aeen 
In Meaojnttnmla. they would bare protected Hie nnllent 

U-litl-*. Tlie.v w toibl lime tukolj cnr>j Hint lllcre « nn no 

more cut I ru: uwny of leveea. Then- In imi use jnitttng 
np n very expensive levee here aud there and letting the 
river eat It away. Little irtogreaa can be made In lob 
way. Von tire nlwayn ..pending your money In repairing. 
And thin i".lnl In i'erj well liudated on by the (Jovernmeni 
eniiliieera anil tliey carry It out tu Ihe Hull of the growth 
of the muir of which the mattrcsaca am made. Hut more 
than Hint might Ik. done now with reinforced tniucrcto 
ul yiwr hand. The "tuff of which tlu-y- make muttrooa.* 
1 a certain rate, hut thin rciiifortml 
rnr made anywhere, and yinu could keep 
ulu'ud <if the dainage Ihut In going on In the vulley. 
The condition* on the h>wer Mlmlnnippi Ifi-day are 
very nerloua. atxl delay may produce a Mood which 
may lm not unlike Niaih'n flood, «ome day. 
All cutoffa wouhl have beeu allowed by the ancient 
tig to all their worka which I have 
Tliey would never have npent great siimn of 
mnaiey to prevent tile river from cutting nway iiulde 
the channel, laxwuae it only take* away money and 
labor from attending to the main object of keeping the 
two main leveea protected. All money «jK-nt lnnkde 
lo keep Uicne benila from cutting ucroaa la money 
thrown away. There la uervounnoaa about Ihla cutting, 
which la not warranted by anything I have awn. I 
remember on the Kanin River In I'crsla yenrn age, 
ihe river t.«ik an sinllc curve ami came hack again 
to tu- n.vtue |H>lnt, and you rould ^e it 4 fect bUflier 
on ouc aide than oti tbe other. Tlu-y said whenever 
that la cut through navigation will be njwot far a long 
time, It cut one day. and within a week tbe river 
wan Binvlnit In lt» new channel, and It was difficult to 
m-o bow It hud run u round the 8 mllca tan-aiino It 
xa-m.Hl to be ao happy In thin new channel. Junt aa 
If it had been there from eternity. 

Tlie nevt tiling they would do, I think, would he to 
calculate what the height or a 2.(ajtl,ntHI ciltdc feet |ut 
m-coiul rlinnl with 10 per <n-nt added, or 'j,'jon,t«jw cnhle 
feet [a-r aecontt, would be in the vulley. and |iot up 
lir.Jllcn from Caltu down to New OrlcnriH aud let every- 
l..»ly what It meuDC to have water like that clear 
down I lie valley. Vtnu have hail flnoihi, birt you do not 
yet know what It mcaiin to have u very high Hood 
without n hnnteh. Thin country. It neenu to me. haa 
«i man) prublcum and biir thlnga before It that ijnen- 
t Ions on the, loner Mb*ln*l|ipl, however nerloua they 
uiuy In-, are allowed to drift, and >c» tbey reflect on 
jour .-.nintry. and make It npi>ear junt like China, or 
one of tlhnte derelict countrlm like Mi-nopulumla. 

Tho next injint. Even now though the lc 
huig and ever) body knowa IL the 



government do not prevent tlie Yiikkj and other hunliLn 
fr.nu extending Ihejr levow further miulh. <^ the St. 
l-'riincl*. tiunlii frotu exti-nding Un levee and making the 
dlilnulllen grvviter than Ibcy are at |>reneiit for tb.~- 
innnile atill fartlwr down the river. I have been a gov- 
i-inuiciit olBehil for twenty-four yearn luidcr ntrnng cen- 
tral guveruntenta. aud they say lo any one "Lengllufii 
that levin- even 1 Inch ami we will not protect a single 
Inch of It." No more waa Decennary. No one would 
dure for a minute to do anything against tlie will of 

the government which hnd all the ncy in It* hundn 

and to wliinni neryianly a|i|n'iiln for bel|i. 

Allowing (I feet aln.ic Ihe hunk on not a diingeioun 
height. I calculate Ihut we need reservoir* on Ihe Mbv- 
nin>.l|i|>l whUh rel-nwint .'II.IHU.IMI acre fm4. Hint la 
.-!l,t«»>.iM»i atr» 1 fool In d<-|ah. or l.inm.mxi io-r«« .14 
fm-t in deidb, or niauething bi?twecu Hwrn. To meet 
thin we have the left-hand -mull l.io-lu* and Ihe Vaxoo 
niul otlu^n oi«mi at their ends where we huve ti.Outi.OJO 
iH-re fe*-!, no we rannl 2H,taMMNI0 acr».« fvn-t, to In* provided 
by iv-ervolrx It.—Tvolm up lu Die uiounluina uoil iii 
the cJuikcc I don't think would ahTiMit Ibn- Mb»1nnl|ijkl. 
'Ihey would Inp no late or no nilniiialnlg<nl thill their In- 
fluence would never reach tbe place In Ihe nick of 
time. I am reminded of one of the noylng* of Mueen to 
Ihe chlldlvli of Israel when I bear licople saying that 
If you will only put r..n»tn .hi the hlllx ami IKK l>~er- 
Yolm ll|! at the tull.ln of lite >llnnL«llitil Hirer. y ( «l 
will nettle tlie iiucnUnfi. ThLn ipu^tloii came u|t In 
M.im?.' time, uimI he mild "Heck liol for nalvatlou ul Ihe 
loin, of Ihe llllln, |<H>k Ilul for II lit Ihe i-mln of the val- 
leys, fur thy aulvation in tilgh Ihce, at thy very doum." 
We have gut the St. I'randn bunlu. far elieu|n-r tliau 
any reservoir and one of the <-hear*.«4 In Ilk- wotld, of 
Wlllell three <l«»rter» W<Kll.l nulhce f.ir our nmnln. l^-t 
lueui i»rotect Ihe uia,a-r ipuirti-r wllh leve** and let 
tbnv quartern of the hanln lie allouini to be put undi-r 
»aler und It would pruleet tbe Mi»inal|i|>l Itlvcr for 
jo or :m years, until the river liad widened ll« i liaiiii.-l. 
In the meantime, with Iraiinvcrac dikes fnan the river 
lo tbe Idlls, welt adjiintinl and employed like Hh- anck-ul 
KiOimiaun did tlielm, yiai could let the ninthly water* 
,4 the ML*la»i|.pl Bow ov.t thU bunlu an that the lauds 
would Iw greatly Improved, tllMl when 11m. time came 
fur the owiiem lo enter Into |n^eaahal Ihey w.ajld In? 
inm-b richer than they are tu-duy. If you go ai-rrvta 
thin Imslii doirii a range of 40 miles, you see iMily a- -w 
wmnlm abuullea uud a little clearing nttd cultlvaUou, 
ami everything elnc primeval fure»i. To |iMlnt thin 
primeval ru««t and put Ihe whole river for hundreds 
of in lien Into extraordinary dlfllculty Is foolish. If the 
iu-o|»lo dont like It, the central government ( vuld buy 
IM« hind. If you make reaervolrn In the liilla. you will 
hare to buy the land which ia lo Iw covered und you 
will init Hint out of cultivation forever: while using 
thin baidn. far from putting It out ot cultivation for- 
ever, you would after 20 or Un yean, make it muny 
Hum an rich as It In l,Mh.y. and if tbe coniral go.ern- 
ment purchaaed It, they could ufterwanl >«-ll It at a 
liuntlnmme profit- 
Nature ha* succeeded very well In nil her efforts 
la>caiine alu* baa a law. It has been well expressed In [lie 
lines -So cun>le« or the nlugle life, so careful of the 
lype." In the MU*laal|>pi Valley you ««• that every, 
where the action of thw country has Ikvu ".So care- 
ful of the nlngle life, so careless of the typo." and nu- 
leas a return la rondo to Nature's wise lnw no |n-r- 
manent Improvement can be usvurrd. 

I have already spokou of foivstu, so I lumnl In say 
litlle here. Tlk-re are a few iieople who have plaut.nl 
ooka, cliextuuts, und other fnilt-bearing trin-n on n 
few acres of In ml that belong to tlieiu and haw 
made mowy, This Is far from saying that every nln- 
gk< mini who has u xpiare mile of falllxlde In tlu. .x,un- 
Iry will go at once und plant Ireea. Nlnety-tduc out of 
100 iwople are la*y, and tlu-y are not going to plant 
tlk- hillsides with tna*. So Uticie Sam, ihe klndent- 
hearted man that ever wits known, bi calle.1 on to phint 
the forents. Those forests, wn^en or huildrrdn of yeam 
heiice. will help the ntrvain In t,«v nuiq.ly mid onllnary 
rloinln, hut they will have no .4fw-t u[nfi II in the hinvl 
est llouds, anil these ar.' the fhnnls we are coian-rneil 
with. 

If you build reservoirs up In the hllln or build a dtim 
licrosn. tile l-alley, you must llmt have cxla-nnlve i.|n-u- 
lugn In It no thai tbe waters miiy trav.-r^n. Ii in orih-r 
Hull It mny he empty wla-n It Is needed. If It la full 
or war. r when the ralu inau.r. It will Ik- unci,.**. So 
lhat Utenc n-«-rv..|rs that ure pruttdeil for rlmnt |ir,^ 

tinil.ai 1111111.4 In. nn.nl for sltpplyllur power <«T lk-l|>illg 

iiaiigntloiL 

And luuRuriT, what In lie- urn- of iiroto-ilng ln,l»«),- 
USI uel-en In tin- Mlnnisslppl Valley « Kb Icv.-.^. when 

only mmie l.nm.uMi are ciillivulinl .in. I the r«M in 
(.rltnevnl f..r.~t. ami there Is n.llher l-nniliilUm nor 
money to m inim It. 

Tbe |M-.if.H- or the Mlnni«| W il Valley r,.r ninny uud 
a year have beet, rightly Uervous. and udvonta.* 
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Ih King taken t>f this tieriousness, for everyone Willi 
ii itnua.-ea tit go -htaitiug that soinrthlitg must bo done 
nl taut-. Now there 1* a very well-kn..wn saying of 
l-..nl I'ulmrrston's : Where you lnur n number of 
: must lie dtair, something 
nt onre, jroo may lie unite sure souw- 
tlilim very fi-.llsh will be dome." 

I have *f*<lu>n of thr Mbo-l—lpi,!. I now ronie to 
litt*tmrglt. We have Iwre the suuic pmhlrui a* oti 
the Ml-J.lssli.pl. but In a smaller way. The mily illtr.-r- 
cm* I* that on tlw Mississippi Hie mull on the right 

I k worries because llie man tan the left hank puts 

U]> a lever. Here you luive the satisfaction of know- 
Inn thnt you have eNatml foot own dltlloiiltlo*. You 
have two riven, the Allegheny arul Mniitsngauela. with 
only 'Jn.isjo square nille* drainage ha*iu, whleh really In 
not a tile thing. It I* the ftrst small thing I have seen 
In America. Your rivers are quite ordinary rlvem. but 
huve for aliort Interval* of time most rxtrannll- 
tliey curry niv Just 



meet. Those rivers have It for month* ami you have 
If only for a few hour*. Bot a few hours of water Bow- 
ing through your bouse U almost as big a worry as 
having It for a week 
These two rlvem as they come down do not have big 




Iiu- circumstances, lie said "I iiH*-ul as a 
Treso- |**»ple are very different from 
1**iplr who live In house* that need to be 
■ the flissl and lliiw flml the water flowing through 
Ibelr drawing room* when they len-d cxiwot It. 

A« far as I ran «ee, ytaa have no more dlftii-nlt nrrnV 
Ita tin Hum the . lly of Home had where In the course 
of yeurs the Tiber hud risen 10 fts't iiImivc tile Avelttlne 
quarter. Tliry s|*>iri miiny million* of money, but 
Ihry Istughl all the biaisc* on i«tir side of tbe river and 
wi.h-iwd the ebaiinel ahoiit a thlnl wider than It was, 
built Iwo nulls lad raised tin- hunks ami now tbe 
whole town Is isrolccted. It east a srint deal of money. 

but they had sir to il|i|*»l to tint thetusellcs to do 

It. and they did II. In lltlshtirgh. loo. a wall has 
horn |i|-o(nmisI. 1 s|s>ak nndrr mnvsitim, but when I 
see Iiu- shingle and Muff nil whirl! ,ou an- f.Wlllihsl 
I think n wall would not prevent water from coming 
ub from iiuitonirath; but It would Is? easy to rut-e the 



It should nut Ret arross It. and whatever 
wnirr *»*|».| r hrviiik'li Int.. collar* luiitlil h* imni|«sl out 
«iver llie (sinks, Wlwlber reservoirs an* made or 
whether they are not mii.lo, I think this stnst raising 

.tight I.. Ik. mad a l-.rti -idr* straight away like 

Itonir. If you do miike rrserv..lrs anil you have a husln 
of SM"Ki .~|imre mile*, and your nxcmrfrs eiil off the 
water of lO.riNl *.,uum lulled, y«u .till have In.lNll 
Ifan miles this slil.. of tbe reservoir*, and If you have 
a heavy downfall or rain M Ihnl. It might bring dtmn 
quite eliuucb to worry you. esjss-lntly If you had warm 
ruin on top of stum-. I think reservoirs might to In- 
made If they ran Is' made, hut whether they are or 
nol the slnst* should Is- ntls.il by earth, and If elcry 
1.-4 of earth y.«n used were taken from the river fSM 
■ the riier la Hut extent. 



1 .1. 
It la w orth 



they bad very line reservoir* at one time. First of 
all there were the overflows In llie valleys themselves. 
Then going buck In every dins Hon were tlw side valleys, 
wide lit pluees and narrow In others. With a liver 
that mines down In high lbs. I for mouth* they wiaild 
have Iwreii of no use. hut with a river that come* down 
only for a few bonra nr 
elisor nam. and by Ibe I 
Ohio Itlver. all Its force had been spent In tilling up 
tl,.— .|.|e o|*.|iliig* and before It had lime to fill them 
all full the storm liad reams! and live flood had passed. 

Now what hate you ih.iw In these jenrs? You have 
di'tirlved the river of all Hbow nssin. I saw a bridge 
where the rlvisr »•»« ljmM feet wide, ami to-day It la 
only lS<<> fis'L Nearly half tlw rlvrr lias lss-n filled up 
, ami with every kind of 



bridge* not with piers one In friait of the other, but 
all Irritating tbe river and holding up the water In 
i" way they ran. Now when the rlvrr mmes, in- 
Mead of hm lie; ellanv Msaa :is Is had In the old duy«, 
it Unit* itself isailraeled within two solid walla. And 

II .V ■al.-ulate the bright It has 

old llissl*, y<sj will llnd It 1m* made up In bright for 
th«> area you yourselves luive taken awuy frcan It on 
Mil sides. 

I luive bisinl it said that railroads ami fnetorle* join 

III tltese is'tlllons tn I'liele Hani to help them out of 
lladr dirllcultle* with ro«eri olr*. Tbe only thllg: I 

i aide to isuiipare It to was a eaae that hap- 
Utirolie siaue yrars ago. A boy of nineteen 
his father and mother, ami whea lie was up 
tbe Jud<e acked blui If he eiaih] mention 



while to do il. lull .vmsld.-rlns the millbais of dollars 

I bey !««• owing hi tin- ritual*, II should !»• worth doing. 
N.i reservoir* in Hit- world rould lower tile water suf. 
iH'b-nlly to kts'p the tltssls our of thrni. 

»•««• iiavlxatlnii a* I *<s. II. there Is no better plan 

I I in ■ i you luivr. with yaw writ-* anil Inrkx, but y.ui have 
an a. id wati-r whleh eats Inai ill an evlraortlinary way 
mid any kind of jienuulient weir whleb would not 
iirtvsKltate these Irini structure* tlmt ral*e It temis.r- 
arlly wiaild N- a grewt gain. Tbl* |*iiiit wa» brougiit 
lo My attenllou by fapL Klske. lie said. "Why ronltln't 
tlwy make bars a. roas tlw river In pla.v. so as to have 
suBleielit letiglb lo have no mtivahle a|i|iuratu* In It ami 
make them of surh bright that It wiallil suit low water 
and Hoods would |si*m safely over?" This I* rertnliily 
tlw correct way for thU kind of work, ami I hnti the 
atlviee of hour, of tlw l**-( men In India when I pro- 
pisitsl it for the Tlgri*. There ure ituiny plaeist tin your 
rivers wlwre y.m n.nl.l hand permanent weirs of a 



n.nUtl flow over very freely. (In the Nile we bull! i»-r- 
uianeiit struetiiris. f fi*i alsn-e 1**1 level of the stream, 
which bold up II feet tif water lu the summer time, unit 
wlwn the fhtods come y.m would not know there w-us 
anything in the river at all. Is*-an*e when the river 
rtses :tu fis-t a II ft**! ohtttriuiiim doe* ma! i-oilut for 



tbe vv»t of ruUlug tlwiu or 



Still in an important city like Pittsburgh in addition 
to whatever you tin, something tn the way or reservoirs 
ought to be done If It run Is* tloiw. In a recent book 
w hlrh you have wrlttrn on tbL* nstrrvobr quosihai I — *' 
tluit the quantity of water you consider necessary to 
IuiiniuihI In tbiste reservoir* seem* to lie in execs* or 
what you need. In all the ealewlntlotia If baa bean 
assumed that triaU tbe river rise.. It* diitehurgr In- 
creases up tn Its maximum gage. A* a matter or rati, 
it ilia-« Ju»t tlw upluslle. When it i* rising fast, it ha* 
a great velocity and a great discharge, but when it 
come* to within 7 or x feel of the top. the velocity ha* 
begun to tUs'reiisic and with it llie di*charge. (hi tlw 
TlgrK which Jiiui|»i up ami down very mm-h like this, 
when the river gage I* I.* feel rUIng, the discharge I* 
.ceroid. When It lias rUcn to at 
for tliat rL*r. ita dls- 
chargo is 1ts.l,u0(t, and when it lias eirnie down on tbe 
other *lde lo 15 feet the dlsclinrge I* Wl.nnn cubic feet 
I*t setsind. A* in all these t-dhuatt*s yon have al- 
lonisl for an Incrt-asing dtx-harge, and BOX rnluntl by 
half for the fulling gage, a much smaller quantity of 

I Ibink. suffice to 
shelter yiat rrow Ih.**- htairs or high flood which i»-o 
duco all tbe worry. 

The dilrlculty twre, 1 think. Is that tlw *ame ti|**ra- 
titm which made your soil very rltii in noil tuis made 
It very laid r.ir reservoir*. Thi* borixoiital sondst.ine 
y.m have here and shale In alternating strata Is nai- 



More arrldetita to big reservoirs have 
no It than any other, ir tlw *lrnta are hi- 
nt a *teei> angle, and you luitld your tlnm an it, 
It rest* tin the hurt! particle*, and tlw weak siruta 
are more or Ii 1 ** ltaiornl. Hut ir y.iu have borl/tmtal 
strata and you hold up water with a ira"l-font head, the 
water works It* way through tlw shale and gradually 
It; because li.irlximtally it can do It viiy 

strata aeltle and tlw da 

In your bonk you show Holt you s]»>iil money on 
many things, tint im iwie t«-niiy to tint! nut what your 
f.iuinhilioio. are. nisi all the rest or It is worth nothing 
until you an. sure of your foundation. You ought to 
sis'tnl some eloi«H> for drill* ami take two of DM 
nearest site* and ex|*s*e the foundation ami see If you 
tun build a dam there, If you llnd really good foun- 
dation, your difficulties will I*' lit .-in I. There are 

many she* In Algeria wlwre the French got eminent 
would give anything to Is* nlde to huild a re-eri. dr 
on soil like this. In d.~|*ilr Ihry did build our. bill in 
a few year* It wa* swept away. And your condition 
I* such thai If y.m had a high 1I<**J and a ri-srrv.ilr 
with t:<l fret farad on Ibe hills alsivc you nnd It lul|s 
|*-nod to breach and runic on the top of the flissl, all 
thr tli*a*lrr* you know of tmlny wtmld lie but child'* 
piny. Ami ir yon hnti Iwo iu the same valley and the 
upl*-r one tuir«t mill enmc down on tlw lower one, 
and the two came together, you nilghi lawn the early 
oliaincr* of CeiM'sl* and Iwgln rending ubnul Nudb's 
Ihs.l to enmftirt you. rV. of all the Ihliuts tlmt are 
iwss-etary the first 1* to Iw sure. He-ervolrs with g.«»l 
fouiulatlons up In the lioiids are no u*e. Kven if you 
enlM Ofs?n nntl shut them it wmild !*• bsi "low eianliig 
on it* way. They must be low down. I never saw 
■owh lad Itstklng slviff for reservoir*, nnd 1 fmind 
tli.it no on.- had hnrrd down one foot to aee. For 
when you have had rock It la often necewnry to go 
loan M or inn fi*<. and when Ibe water flow* through 
the dam yim luive g..t It. make an apron d..wn Blream 
wide In order to protect tbe rock from the 
of tbe wtbrr. 



very expensive dam ami rfV Mlwr a very 
lltstr down stream I" ptCVCBI It frian being inn 
A* fur as raaenolK ure coinvrneti. if you had i 
or Mei-ply liarjin.-.! iysliilllr.tl llnie*liwie of any of the 
good ris k* In whl. h reservoir* are haftt, I w.iuUl lack 
yiair resenoJr |«vijec« agiui. t nil the other-- If ever 
Ibe central goi»»ment-«e.i - for tlw rc*cnolra, it 
would I*. yi»ii .. itatn liity hi lid* town If a reservoir 
acre built neur hero, lo see Unit the foundation wen' 
gtssl. Iteciuw rivers Willi r>* k suitable for fouudii- 
tloli luive tss.-u controlled, it dt*** not ntssstsarily ftd- 
li.iv that JVM can do the same If y.m lime in. suitable 
r.*-k. You road In tlw Act* of tlw Apostle* that the 
seven sou* of one Scevu, a Jew, saw St. I'alll' ciwtllig 
■ oil a devil, so they thought they could, but the man 
l*stst*tMt*| of tlw devil lcupisl u|sai them and left them 
wounded and hair disnl. You see their faltb was mil 
well fiaiinletl. 

If Ibe reservoir* tan be made, or If tbey cannot, 
tlw duty of raising tlw atrecls on both MOM laaVWlgly 
high to ptOted the lower puth* of tlw town Is Itu-iuii- 



A Remedy for Beri-Beri has been discovered, ac- 
conling to the In^t aninuil administrative rrport of the 
Fwleratnl Malay Statist. I'ciuling a thorough Invest I 
gatltm by tiie mclleul research Institute of tlw i 
the details of tbe remtsjy arc net annum***!. 



Wa wUh to call attention to tbe fact that w* are in a 
position to render competent acrvicea In every branch 
of patent or trade-mark work. Our staff la coopotwd 
of mechanical, electrical and chemical expert*, thor 
trained to pre para and prosecute all patent ai> 
Irreapectlve of the complex nature of the 
matter Involved, or of Hie apeclnllied, technical, 
or Mcientlflc knowledge required therefor. 

We also have asaoclatea throughout the world, who 
aaalst in the prosecution of patent and trade-mark ap- 
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Intake aide of laleal Wright "6-611" motor. show- 
ing carburctcra, removable rrank-caae lid, and 
general accessibility. 



t(H) h. p. Sturtevant. allowing propeller near hous- 
lac, reducing from crank ahaft speed of 2,000 
r.p.m. to 9t>0 r.p.m.. a more efficient propeller apeed. 



One hundred horse-power Bent. There are two 
apark plugs in each cylinder. Note fcacral free- 
dom from piping and plumbing paraphernalia. 





The 12-rjrlinder. 100 home-power Krnaillt 
aero motor. Air cooled by fan blower. 






Speedwell rotary-valve automobile a 
built under the Mead patent. 




The ni-v »U0 horHe-pow»-r t'urtl** engine, 
which haa two inlakea and two exhaust valvcn 
In each cylinder. 



»l) horse-power Auatro-Daimler inatallatioa in Thomas fly- 
ing boat. Starting crank enable* pilot to atart engine with- 
oat leaving cockpit. 



Mead engine, allowing silent helical grara 
and chain driving magneto and electric atari- 
er. On* rotary valve half withdrawn. 




French ronatrurlion mclhuda. A cylinder at the flnome worka being bored 
out from the aolid billet. 



The Gnome "artillery 

THE INTERNAL COMBUSTION MOTOR IN THE FIELD OF AVIATIONS S«e page 2J.J 



Motors on the testing atanda at the Gnome works 
in France. 
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The Channel Tunnel and Its Early History— V 

Plans for Direct Railway Connection Between England and France 



Now Hint Ihf Channel tunnel iiucstiou is ngulli under 
consideration. 1 fn-1 rtutt It may he of Interest to irftwrs 
If I sH down oafltt of id j- rccolleviktfis of the work 
which was done, some tifty years ago, to Hurt out 
wlutlwr tin- natural conditions to be met with in mak- 
ing a tunnel were such us to warrant the work Mug 



X« Me wiio lulu uif correct knowledge af toe beta 
can rtiny that tin- most useful and iini.-1l.nl work to 
Unit i-lirt wus first Ikisuu iiihI carried through to a 
satisfactory end by lay father, the late Sir John llnwk- 

sliaW. 

Before lie undertook tin? work suggestions hud been 
« for tiiiiiul* loot been lal.l down, hut 
all based on conjecture, for no one .ssil.l 
>uy through what material such tunnel* would ]»** 
l.-iwuth the s«i. and without that know M(t OH oplu- 
ion of mi ciiglms'r as to the prospect* of sms-css In 
carrying through siwh 11 work wisuld Lie of little value, 
and any estimate of tlw .list woillrt In- worthless. 

1 am the only one now* n uni h.l 11 g of tln-se who 
«i't» Intimately uss«auitrd with luy father In the sys- 



iiinl which, when It wan concluded, kil to the funnatluii 
Of i In- Channel Tuuim'I Coiu|<any, of whlrh Lord Itlch- 
anl Crravrenor wa* the chairman. I attended meet- 
ings In Ibb. country ami In France, wa* present at all 
the trial* of machinery for excavating aiKl transport- 
ing tlw chalk, ami took |-art In the calculation*, more 
nqavtBll? In those for tlw rtlrocult iiuertlon of 1 
lion, which my fallwr left to uiv to work ouL I had 
lunl luui'h liraitlcal exis-rli'tico In tunnel work. For 
Use yearn 1 s|wlit ssiiue du>» every fortnight In gouig 
through the Sevcni tunnel works — a submarine tunnel 
four and 11 i-uurtcr nillc*. long — and 1 discus-sod every 
ilelull of lliia work with my old friend, the late Mr, 
Andrew Walker, the contractor. I wa* also 
with the work <*u the Itrlghton intercepting 
•ork of my father * - which touted beyond 
all otliera our power to deal with water in the chalk. 

1 Itave given time to the Ktuily of gcodogy sIih-o 1 
will a MK and know the chalk cIIITh well In France, 
and from Ilovcr to Folkestone, where 1 liave worked 
wltli a im-k ami shovel collecting fossils with tirtlntli-*, 
formerly a well-known dealer In llu'iu at Folkoatone. 

I h.**- y.m will |iardon tbc*c pi w— »l remarks, but 
It li well my hearer* should know tliat I do not oocuc 
In-fore them wltlnrnt some axpcrli'-i.-e of the subject of 
which 1 treat. 

It waa M. Thi 4nc de liamnud who tlrst, hy long and 
|Kith-nt study of the g»sili*r.y of the Straits, tried to 
"how lluil a Hiiliuarlne tunnel could lie made la'tween 



Mi|i taken In the rlcht direction. Unfortunately he 
sate no attention, a* my fattier did. to the ijucatioa 
of what was the most favorable stratum for tunneling 
o|M'rutioiL< tin- chalk. He accra* to hare axuucued that 
the chalk »a» denudei] In the i liiinnel. and no ht\ la-cu- 
|Jitl hLuLM'lf solely with a careful survey of tlw oolitic 
Mrata west of Itover. Thw l«st« could be well stiall.il 
in Italic* in the neUtuborhood of tin, Strait*, and lie 
obtained amir f ragriicnLi of r.sk from the summit of 
the Vurne sbooil, which he correlated with tli* hots near 
the French eiatsL I?nfortiuiately the oolitic beua do 
not kpliear on the KiiKllsh coast, mid be hart to go as 
far as Oxfordshire to study them In Knslaud. lie 
assumed their lavttlon onrter the Channel from his 
observaliuiia made In OifonLshire ami In Kruin'e. 

- to man* . tt*nt I.} his rriign 1-. fmn 

\arne. It h> obvious that any section umter the Chau- 
nel forroeil on siK-h ilata must lai |iurel> conjeirtural, 
and no one km-w this better, or was more ready to 
acknowledge it, than M. Tbiaiw' lie llamiind, who relhsl 
OB futnre bortiiirs helni: taken. He lalil down his 
line of tunnel from llaslwcar Itay, cast of Kolkestoiie. 

Iilns to keep In certain IxsU in tlie 
the sell. He utooummI to make some thir- 
Umm Ulauils iu Ihc I'haniw'l, so as to Is-chi the tumi.-l 
at many iwluts l,y ainklnic shafla In them. 

After my fatlvi-r's inijulry was ci>in|,le(isl, Jl. Th.imr- 

•N 1 :il m I I, -: 11 [:.,.:] I r .1 

m.-uila-r of the iiaauiittty* which aihqic.sl my father 's- 
« lately ilat.sl at a public mcetlnc 
Ixske, ami Hrunc-1 approved of M. 
SkMBl de tJamoml's line. If tliey did »o without very 
wide ipuillfii-allou. they, for laaep. 
whl-h b. 



Hy.It.lm Clarke Hawkshaw, M.A. 

and Bjara an otiiniou with an InsuBlcieiit knonlclee of 
fa cist, NeitlM-r M. Zbpoal do OaaMUd nor anyone else 
OflOM at that time tell what material would have to 
U- tunneled through tu the Hue he ctjaaa, '1'hiit bauaj 
the case, tiny .minion as to Die priictlinhilty of audi a 
tunnel could Is* of little worth, ancl no estimate of 
«»t could lave any approach 1 
neer* fiJIowed M. Thiane de 
and Mr. Is>w were advoraUo for a Channel tunnel, hut 
they had no more detailed knowledge of the facts than 
M. Thome <le tiaui.aiil, If as much, though they hail 



of work 



Mr. 



more practical know! 
I.mw being a mining engineer. 

Kor some years ta'fore 1MB sir John 
Issti lYiuslderlug the practicability of 11 
the Chaiinel. hut with his sound «anni.ai 
with 11 m.slesty for which all who knew him 
give him credit, he did not In any way try t 
i'Ihv latlille opluliiii. knowing that tlw facta t 
were ipilte liisulhclcnt to warrutit aliy- 
as to ttie iilisciii-c of risk of failure. 

In lsttlS he begun, at his own expense, a private In- 



lunu- 
luuid 
piuyol ojunliai 



. whs |s«»ll,le of the 
nature of tlw material umler the aea. A kllowhstge of 
this was the key to the problem. The facta which he 
(sillooterl. after several years' work, as to tlw nature of 
the bed of the Channel oral what lay beneath it. nisi 
<«ily crinkled hun to form an opinion himself, but tlwy 



... 



Kr.an that lime Ml. tin- usabilities of making a 
nel tunnel and Its proluihle is«kt isailil In. 
dlsj-ussisl by prnclh-lll engiiM-ers. 

I will now prueoed to di^sciils' the naturi' of the- 
ItMpliry which Mir John Ikiwksllaw Uuiughl neceaaary 
baCufa venturing to give an iminioci. 

First. It was UlliaaOU lo know in rtelnil the kind 
of material to lw met with lai the Kngltsh and French 
shon-s of tha Channel. 

Tlw geology of Ike cisisls was fairly well known, bat 
it was niss-ssiiry to study the strata also rroin an cngl- 
iHs.rlng isslnt of view— to make sure that Identical 
Iwds were fisuiul on the two sides of tlw Channel, to 
mate what facilities the strnln offered for luriiicllng 
work, and the risk to which tbi'y would give rlsi. If 
they allowc.1 of a tis. frw passage of water. 

fiirly In 1SU3 Sir John oWnlued the services of Mr. 
Ilartslnck Hay. who, ts'siilc* Is'lng a eomis'leiit geolo- 
gist, had also a knowhslge of surveying. 

Mr. I lay's attention was dlrectisl jirlncl|uilly to Hie 
cretaceous, beds which Sir John's large ev|s'riern-e ill 
tuliui-1 work led him to c>mm«wi as the most pr.a-nising 

Mr. Puy sia-nt several months, in lstr., in exnmlnlnc 

and surveying the ereta ni» and adjacent IhsU on the 

txaist In Kuglaud and France, and prepared a gism«l- 
cal map showing their position on holli shies of the 
Channel, and he also made a map based 011 conjecture 
as to the ptKiiUoii of the heils under tlw sea. (See 
plan.) 

A glance at a map of the Channel will show that 
the Foreland <miir 




Inner 1 mid Sangatte. A tunnel paft r t M those plaecii 
would Is- Ihc shortest I tint could la- mud.', but could it 
l«. kept wholly In llw ehalk? 

The cliffs of tlw Forciunrt were chalk, but ki wluit 
depth did It eileini; Chalk was 1.14 vkdule at San- 
gatte. At wluit ditilh was it lo be found, ami what 
To answer the**. i|ues|lon> Sir 
John llawkslmw dtslermluisl to Is.rc through the 1 hulk 
on the Fjigtlsh and Fn-u.-li ctiast.s. The well-kluiwn 
contritclorH, Mr. Tlnimas Itraascy and Mr. tieorce 
Wytli.'s. uud Mr. F-astoli, who bud (is sua mueh work In 
tlw .-luilk In search of water for town sujsjilles, were 
Interesttsl iu my father's Irnpilry. ami offered to share 
the cost of these deep borings, whU-h III tlmae day" 
were more ooatly to curry .ait iliau they wimld be 
TImi polnu seleeliHt for the lairlitga were Ht. 
Murg:.rvt's liny In llugkunl, distant r..ur mlb-s c-ast of 

I lover and about eight miles east of the outcrop of 

II .. low- 1 I teds ,.f -I .,11. ,.„ r,.. si . 11111I l.nuc 
Moiirou in France, two and 11 luilf tuMm west of Catala 

ami rmir 11111.* i-nst of the outcrop id I he sa bods oil 

llw French ciaisL 

of tlw 




follow it to the < 
That the chalk . 

now doubted. 

The nll-importaut and last 
srllled was. would the chalk Isn fiailld In the Channel 
.a, tin- siirfan-. or at some depth below It <nvcrisl by 
aupntkdal Oepoattal To asis naiu uds mul . ii.s k Mr. 

lla.v's colijistural |dnn id tile g>sK<iKy of the son-bed. 
Sir John cmploved Mr. 11. M. ltrnm l. one of bis pupils, 
who was still at work In his olhi-c. In the years Istsi 
and lsuu Mi ttrunei cnrrl.sl out 11 murine survey from 
a small steumcr hired for Urn jMirjsvr. bkMnf advan- 
tage of any f 11 v.. raid* wiwtlwr hy day or hy night. Tbe 
isxltl.ai of each sisuiiiliiig made at ulght Waa livisi hy 
tubing angles fr.au the stars. Tlie greatest enstlt la 
due to Mr. Ilruliel for tlw careful way In wUcfl he 
.lid this survey, and the accuracy w-llh which )w work.sl 
lait the otiscrvatlous living bis jsisltkais. II.. scsin 
found out that bare chalk was cvtsiscd <«i the lasl of 
the Cliauncl. An Ingenious form of wounding lead was 
devised, ltouurt a piece of wrollght-iroll pila' a heavy 

1 the lower end |irujectlug some way out 
Iwlow tlw Indl.Tm of the sounding lead. MO driven hy 
Hie descending weight Into llw sin-M, and bnaiglit 
up 11 small cylinder of clialk or ganlt clay, often some 
lu.-b.-s In length. 

As the lower Iwds of ctUilk differ III ajaoMDMet and 



from the KBUlt elliy and llpla-r glssli-aind. It 
slkle p. limp the tsadtlou of the chalk on the bed of 
tbe sea. and. to solue extent. Us line of Junction With 
the uiiileri.ving I--I-- i t gault and grisiisaoit to tbe 
w.*slwanJ. It was found that the outcrop of the gnult 
lay further to the west tbun Mr. liny liad shown. 
Hy l.sdT Sir John had sot all the 



Channel Tunnel Railway. — — 



• P.|p,r l»ad M^r 11,. U.,,.11 SSsWI, ..f Arts, nisi 
In lis J.,srnsl 
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Mr. Iaivt, uiul M. TIxkiiu dc 
through Ihe .hulk fr.au St. Margaret'* (hi)- In Kiiu-IiiuiI, 
to Fernie Mouruii In France. 

In ltttix tlx, Anglo-Frwx-h rtiinmUtcc ninditil far a 
MioL-Hislmi fnau the French government. Till* led la n 




• OS II CollltPlttCe, tlx? Kllg- 

Ibih Chuuuel Tunnel Comtuiuy was iucorpurated In 
U-iU. Tills vrttcliialMl the Crencb cnui|wny, atxl tisy 
father Mippluil tlx* plan* uu which Iheir cuncesxlub wax 
oblullxil In lH7r». By It tin*) wen- tsnuid to s|K-nd 
»)i«i.oi.u In prctuiralory wwrkx of all nuitn. such as 
tnrcxtigallMis, ikis. galleries. lx.rlng*. etc. Tbe am- 
tlu.-t ■.r tlw»* o|x-rntl.«in v»ji» lnrriL-rt.il In Mr. Uivalley, 
su well known III njlllxs-llull With the Hiu-tc Canal 
works. Tbe groliitficiil work was assigned to MM. 
1'i.ller ami l.u|«isiri nt, mining cngliwi'rn nn.l able giisio- 
gistx, and Ibi-y «m; asnLslcd by M. l^Truiaw, hydrog- 
ruplx-r l"i tlx' Ktvix-h nuvy. Tiny Ix-j,-hd hy 
uoil extcixllug on a inure elaborate 
survey umih' It'll year* lieforn by Sir 
['nine ii sounding upisiriitiis of tlx- 
tUKi.il, they num-cded io briugtng up n great 

of IJWI-illM'IH of till- tin-tin fol-ltlllkg till' Mil tHll. The*.- 

snuixllug* o.nllriucil, III nil miitcriul isjIiiIx. lir-ilnel'i 
xill-v.-y ntiid.- ti-n y.iar* In-fore. Furthermore, owing 
to tlx- rrral uumlH-r of soundings that weir tukeh, iiim! 
to tlx- iiiunlK-r of *,}Hx-luicn> from tin? iHittom that tuuld 
be idetitiiM. It l~.mii.' |.«<«IMe to 

ii.i'iirii.y the J -tint, of the lower .Imlk and emilt 

fii.li. nh<»n- lo nliorc, cx.i-pt for ii slbort dlstaine wlx-rn 
Uien- IxiLs tains Ix-neath Hi.' sands of the Yame, A 
necuii.1 holing vua uiadi- at riuugatte, anil tlx, result* 
of tbU nut. Jon* la 1S75-70, were published In 1S7VT7 
In the form of report*, with mapa anil sections. 

The- rwwnri-he* I.y the Kti-ik-Ii eomisjiiy btiKtght no 
very novel fact* to Hunt, wfa ».i to dl-.ti.rl. tlu- main 
ci.iicIiikU.ux wbh-h lia.l Imi-ii tilrcu.ly 11rrlv.1l nt In this 
.uimtry as tbi' m*iilt of my fallu-rV w«*k. bill Ibry 
iici.Ip onr kiMm-l.itur morr ilHhitli' In «.ii-rnl jwrtl.n 
luix. Mr. Toi^.'J. « k f tin- li«i^.<l.i.l Sun.-) of Kni:- 
tuiMl. r*|«.rt.il to tluM-lmmiid Tmui.'l l^nuMiny In ls"H, 
an.l ndvlMil Unit !!»■ out.-roi« ..f tlw n.iult, ;>i ibown 
liy tlu! It.ii. I. cnitlnn-ra. nilicbt br lak.ii. for all pri.i- 
tU-al |.ur|i«.n, »» n.i-.irnto. 

In lb.' ymir 1SK! Ilu- I'linniwl Tuui..4 (.'<.iu|.niiy i«*iitbt 
to .4.talu iMrlliiiDiiitary [Mm-ern, nntl ib<piH(ltcil plana 
fcliourhu; tin- Mn^ of rnllway .at tbt> Kni<lU»1i ^I.Il* to 
Jota a ttimi.'l fr.au Fan (loir to Siiiixiitt*' -Jt.S nillrH 
lollM lll..h a r III.' *'tl. <S*i* |ilatl. I 'llllt. tunnr) .li.ltil lu 

Itovrr. jual kH-liil..l thr iUhllc. with tlx llll of the 

tui.i..l fn.-lni! Ilu- fort, tun kiiiu. of whh-h .wild In- 
l-.iiil.-1 Into It, It D|.|Miml to no tlutt thla w.m a 
very Mfe itlu.f for tin- luinii'l to i-utrr MiixIiiikL, but Hip 
nilHtar.v untliorltioii tluiuttlit i*bnrwlir. lh*f.»ra tbi. plan 
wan detkjnltiil It wni MnlKitlltiil to tli^in, and lln k War 
OAii* a|i(Hklntcil siaiio of lttt olllii'm to rb<lt 1 lover and 
aii|.r»vp or not tlx- |.r«^iiii«i| ixlt of tlw tniniH. Kor 
«•» n-u-Kin ray fatlx-r wan Uluil.lt- lo be |>ni<int. and 
I lia.l to net n* mil.le to tlie d.^inutUKi. 1 only remeiu- 
li-r tn<> of theiu. Sir AMlibnld Albx.li ami Sir Andrew 
riarfce. 1 was niiu li dlaiii>|mhitiil whi n tlw ontM wns 
(iMidiftiiMit. U1..I 1 well renu-iuber Sir Andrew Clarke 
saylui: It wmild be emitrnry to all pmnlenc to Itnve 
an "ii-nlns fnan wltlxwt liwhle it fortretui. I luid to 
»e< to wiwk nt oDee to And another outlet, whlrli I 
f. .minutely .11.1 In the valley of the Hour, not far 
abm-e lKiv<-r. lo that little wun lidded bi tlwi lenutb of 
tile tunnel. A new xnrvey wax made, illxl a l«r Un- 
iovular} pliui wax di-tHMlted wllb I he ww onllet. 

In the same year ilsm* (he South-Kant..™ Rnlluiiy 




Cixi.|«ti> xixntht fur |«rliiiu>L>ntary in.wern. The • Imlr- 
□lau of tbe Stxlth -^.iti-rn Itailwny <4>ai|>utiy hu.l de- 
terinlixil tlini tlx' ('hiiniM'l tunnel nb.xil.1 In- a Nuulli- 
1-^anteru affair. To thN tuy father, who wan emnulltlinc 
enairxi'r Ut that cn«u|M»iy, hud ntrongly ik^J.i-tnL He 
a Cliannel tuuuel oujrlU ixit to be a 
t.. lb.- 

taken by the railway 
tbe |taxt he I tad held 
HUltlnc en(liHi>r. 

Hie plan put forwunl hy the Clianuel Tunnel (*.wn- 
imny wan it enmptetv aehenie, while that put forward 
by the Koutb KiiKtern Railway Cianiany was anything 
hut .-ornigete. If Hlr blward Watkln, the ehalnuau, 
liad a definite propottul he did not dlneione It. 'Jtte 
rallwny eoiniiaiiy were tuiinellnx in the crey chalk 
at Slutki-nn-ure Clin", but In wluit dlm-<bai the tiiiiiti-l 
would »u «r how It wax iMruouanl to ilrnlu or vi utllule 
It. uu otu. knew. 

I Hi the other hinxl. every detail for lb* comnleMou of 
tlie Cliaiiiu-l Tunnel <'<ila|inuy'a winrk bud been eimniil- 
einl. '1'belr tm.i«>l wun to so In n ntralght line be- 
twwn fan dole and Kauitiitte. wllfa an exit ueur I>uver. 
wlu^m a Jtiiietbna eimld Ik- nia.ie with Ihe railway* of 
the .Snuth-Kuxtern and l liiill.ant nn.l llotet mio|uiiil.-x. 
It wan to Ik- provided witli draiiiaise beudlnea to drain 
I lie lunix'l I.y KravltHtlon froiu the hlgh<«t Mm In tlx- 
eettter of tlx- Chtllini-I lo iiunildttt: nhafta ou tbe two 
, tlx- p.edtl.Ki.1 of will.* were fixed. 
I luive jlllt read all aHL le III the «< ra«- <« Dcu* 
ifonit.-* by M. SartLaux. wldi-li mi-niK to lixlleate that 
It In now- iiri'iMntil again t.< put forward the line ure- 
pured by Sir K. Watkln from Shakespeare Cllfl, nrxl to 
eixleavor to keep the tunnel In the luwrrf bedn of the 
.iuilk. not In a Ktralgbt IIdu or with regular ifradleutn. 
but followliiK the gn-y ehalk lit all Itn kIuiioxIII.m. A 
draln.ii.-e hexdlug In to be made on a Hue <li.il pr.nl 
sloiuilly, l.iih whii-b niuy Ik- vurt.it by tlx- kix.wUilge of 
the Mtrata gttlixfil fruiu weekly borlnifH, wlileli will ulnu 
.Uieruilne tlxi «lir.i-ll.xi of Hit- main tiinui-ln. and .nuine. 
<|ix-i.lly lln-lr lenttlh and .-.p.1. Tlx- drulnage heading 
w ill nieel tlx- niiiiu tuiiliel.i at a (nditt war the ml.l.lle 
,4 tlx. sirnltn, from will. Ii the main tunnels will rlxe. 
and Ihe .ImlliuKi- ImwIIiik will full toward tlx- nhore- 
Tbey will nbwi diverge from thla point no a* to keep In 
the name Iml of i-bulk. wlil.-h K dei-|R.-r down a% we eo 
up Ibe t'biinuel. C'roxa aditx will lx- drlyen from tlx* 
draliiaui- Ix-adlug to the main tmineln an their dlrn-tloii 
in .U'l.-riiilnvil hy the In.rllign. 

Now Ihe luakliiK of numerous horlnsx In what a liy- 
dniull.- enslu.i-r would do If lx> wauled to «IHke tlx- 
In ihe ihalk to crt a water xu|ndy. Tlx. more 
tlx. more water lie would hoiat to net, 
llixl would must likely mil Ik- disappointed. 

Tbe grey elialk lx not free fr.xu water, ax we know- 
it on land, aixl to a <-t-rtain eiteul under tlu- «*a. I 
nuw uiuny nmuil nuut of water In 
whl.-h I nhull refer Inter on. 

In my eurly engilui-rlliL- work I lurl 
nt the evil renllltn of In. r 1 11*1. no u,.|k> In pr.«n-«i i-l.me 
on Ikfly years ago. 1 was In i-burge of the n.n- 
strix-thxi of the Allxn't Hock, whleh was ladug made 
fur the Hull I link Comiaauy. We luid to hulld a luiur 
hn-k Ml feet whh>, on what apia'flred tu be a |K-rfeet 
fouixlaliitu of iilxiiit 40 feel uf bnutih-r <-Jay, nearly aa 
lianl an n«-k, aixt quite Imin-rvlotu. to water. When 
tlx' e\.-u»atl<.ni for tlx. luck had nearly reneb.il their 
illtlmale levH we were suddenly druWIled out oue 
ulglit by uu uuihurst of wtiler in tlx- eii-wrathm. Where 
tlx. waUT eame from It wax lm|KMlhle to 
i wen- put ii|. and Ihe un-ii .-x.ainl.il v 
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ll.l.. nuiliy small .-oni|nirtiix-ntn by ^lM1•l pilini;. In tin- 
ineantiine tbe ground xettxil in ulxl around tlx- i-x.-ava- 
tlon. nhowlng that tlw wnt.-r win bringing up material 
from below. In time we were ahie to free xoinp of 
the eompnrtmentx from water, tu oix* of theiu, ou a 
of dark boulder day. I nuw a snail hole 
tilxiut 2 liiehen lu diameter full of ntuall grains of 
and sand. It wax evidently a bore hole, 
otu. of many which had neeii mu.le hy rival pronautem 
before tbe bill for flxj .link was iatsse.1. In Ihe night 
u Jet uf water hurst up Uimiurh tlx. Is.re hole, bring- 
ing with H laiite ,|iiiu.mi.i. .kT eleiill yi-llow saud frixu 
n bed im tlx- nurfan- of tlx- ebnlk. Tltln we i»r..nil I.y 
making a fn-ah Ixirlng tbr.mgh tbe Innllder elay to 
tlx* eluilk. More than .410 uf tlxne Ixiriugx wax no 
dould dlmiiargllig water Into tlx- w.wrkn, and tlx* ilte 
liad Ir. be uIiuixI.kiii! aixl tlx* <l.n-k luu.le xlx.rter lo 
provide II new nlte for Ihe l.nic. Thbi Incident nh<.w* 
wlmt Uuuble a few ^-lix-h borlugx may bring atn.ut In 



eitrnisnlinnry iini-uutiuiK winild he taken 
In making the pro|nn«il Ixirlngn r.f.rr.i| to by M. 
Hartltiux. Kut to make a number of Ixirtngx hi'ueaih 
the xeu is lo take quite an iiiuwllnl for rink. If ixift- 
Irol of one iK.rlng in a tnnuel were l.xt. and tlu* sen- 
wntt-r laplHil, Uie wurk might bn\*e to ho nband011.1l. 

Where the ehtllk in .'SMI f.i t thick lo Ihe east of tlx- 
outcrop. Ilu In.rlligH olltnhle Hie ltnUhed work Wixild b>- 
ne,»«.ary, and with xlx mlks. l.w of tunnels to make 
tlx- rink .if meeting water would dimiuisb. 

In settlliu; tlx- line for tbe tunnel we Itnve to tun- 
nl.l.-r iMi wltat line will an ere.Hr in our gei4.js-i.uii culeu- 
latlons lie uf leuxl moiuL-fil hi our tunni-llng .H^eratloiiK. 
Tbe Fri-neh iinjunany's marine tirxl geologhvl nurvcy 
wan made with eare and iireeautlous such a» were profi- 
idily oerer hefoni taken. A» long as It deals with 
the surfaee <sr the nen-buttom tbe retssrtx and aeiinu- 
inlliyitig plans and -xi-li.Mis prolmhly tell lb. u t 
mi nhh'b vre tuny rely, (tut when we inn 
xnrfai-e of the st-a-lxil tu the alraui beneath we go 
from faelx to .isttju-lnren. A longltixlitial sti-liuli ilowu 
Ihe center of tile tlutuiiel shows Ira- chalk fr.su whetv 
it begins, at tlx. outcrop of the gaull. dliidtig at llrst 
ru|«l.ily Ixineiith the sea, the dl|. grtiilunlly diminishing 
aw We go eastward. Now tlw- |utrt of Uie t-c-t-tluft in 
which error lx most likely to be f.sjnd is In the curve 
willed ih-nig«i the base of Ihe i-halk near Uie onteriai. 
Kor the curie xlxming tlx. Intse of the etialk ile|x-ixbi 
m* only on the |kf.I|I<xi of the lltx- on Ihe iiuip. wlil. li 
>lxmn tlx- J.tm tl.ii, of the chalk ami the guull. which is 
pr.s'iahl} lu the main fi.rr.i tly ( .l.,(t.il. hut also on the 

line which *lxe»n tlx- Junction of tlx. two lowest bllL. 
.si dialk of Uie Fn-ncb gn.logWs (Cmle .|e Itotien aixl 
l^raie de Mnycnnc). It woidd be very rash to lake 
thin last line 11* otlu-r Uuia approximate: y<-t all It 
nxil.l tell us, If II were correctly plolt.il. w.xtld he tlx. 
dip of the t.nne of tlx* liialk i loxe In the nea-btil : and 
even to gel ut tluit we nh.-nld have to imiuuc tlx. 
tbl<kix*x of the frali- de H.xieu from its n-.1rtnl11.1l 
thl.-ktx««< on the two cnislx. Of tlx- dip a nbort dl»- 
uiKi- liel»w the xea-be.1 we really ku..w ixKhlng, and 
the r-nrve Indicating it must be Imaginary. If the 
tunnel Is to follow tlu- lower tails of chalk It will have 
to Ik- near this oir.nl Hoc, and any varlailutr. in the 
curve will neersxiUte devuitlKW lu the linn of the 
might be hirgxly Inileasiil. 
deviation would add largely to the dim- 
raiKtroeriou. Agnln, Ux- lowi.r tlw Iwrls In 
the tuntx'l is plaml. and the nearer to the iwt- 
rmp uf Ibnxi- Isils, tlx- grnater will he the rink of 
wnler finding Its way along the planca of bedding fnan 
tlx. .Hiti-r>.[i 

As we nnsx from the .hiI.t.h,. of rile chalk and tlx- 
oaillt lu an easterly dimtlon ul.Kig the Cluiluiel. the 
.hulk ilicreusei In thlcknexn. Uu tlx- Kan lI..U--Hni.- 
gaUe linn It la feet thbk. .I.Kit, le the ttllckllenn It 
lx on the Hhttknt|x-are CHIT lltxp, Thia was enm-lii- 
xlvely pruveil by the Dorliiga mude hy my father. An 
error which would iKtisadtato a t-onxlderahle devhitbsii 
In Ihe Rhalcexnean. f!lln* line of tunuet would ix* nITeet 
that on the Kim llol.^Sangatte line, where then- ix the 
amixe inarirln for em,r of 2rm vinlml feet. 

The only reaann which has been given for taking 
Ihe tunnel Milder the shore Hue to the weil of Ilover Is. 
tluil by m> doing It la nnppoxed Ihut it can be made 
wholly In the lowest or grey beds of chalk. It u 
axsertcd that no water, or very little, will he foutxl 
In these lower bed*. Now what are the facta? We 
nre tnld that little 1 
Shakrnjieari- CluT. It 

edge as I did not visit that work. In the 
driven at SanguUe. In the corresponding beds In 
Kranee, wuter was met wild flowing from IL-eairex at 
the sides ami bott.mi, nrxl not ...11 II mil to one place. 

The qutiDllly whh-h I 
xprlng, in-rhniw, thirty 
to prove that Hum, 




but throughout the henillnga. 

W. Hie 
, hut It 1 
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Triple pole. Ainjrle-lhrow, 2.. j »W)-t»1(. 300-uiiiper.' 
oil nwilch nilli m>lrn»id openting im i-hanium and 
di»eonnertinc drrirv. 



Gatun Hydroelectric 
Development for 
the Panama 
Canal 

How the Surplus Water of 
Gatun Lake will Furn- 
ish Litfht ud Power 
for the Panama 
Canal and 
Railway 




Thirty-nix hundred home-power Prune turbine 
for the Panama Canal h*drwk*ctrtr statin at 
Katun apiltway. 



'I'm: jierniflncid s-iiajity nf electric energy for the 
Panama TniMl la generated In Mir tin tun hydroehsirlc 
station, which l« located at the t.'iilmi spillway dnni. 
TIh' irewicmhais water storugr. In the artlm-lal fiatun 
l.akr, fisl hy Hal rhngre* Itlvcr, not only LttafrtM Wa> 
wl* tin* greater r»irt of thr way ncrons thr* Isthmus 
«m ii level Rbavl M fcf-J above tin* mtftllal. and provide* 
water lor raising nntl hwrlng lln-m grntly through 
thr Kit Him. INsIro Miguel iiu*l Mlrallnrea Imkis hilt II 
also has afford**! an excellent opfNtrtuitlly to generate 
electric current for lighting Dm* filial, for <i|HTathiff 
tlir gigantic irate* nihl other loekhig machinery, ami 
for thr Im-oranttve* towing kIiI|w through the lm*ka, 

r'.lcetrlc current will likewise U* imiI for emil bund- 
ling Hunt* ui both ends of the i tituii, for BHKtaliaa shops, 
waterworks, dryihsk*. iiimI |M»K*thly In (hi- future fur 
hauling trains pa the l*aimma Ituilroiid. To iihiirr 
innttuully of Nervh-e In ni*e of an -Mint, ti sterna 
. ... Ii station nt MlrahWes. em -led a few year* ago 
to supply [m.wit for mnvt ruction work, will I* ready 
to pick up tin* loud wlicn oi**e*«anry. 

imirr data on nir caxau 

The extreme length of the < anal 1m alwiut Ml miles, 
ft Han n minimum ihspth of II fort, ami ttii* i Imuurl 
varies from :tun to l.taai feet wide. The rammi* riilebra 
rut tin h ti U>iii*tIi nf aland nine mile*. Tlir iirwl of 
Calun iliitn Ha* a length of s.tain feet and mi cxtr**me 
wMlli of 3,100 fis-t. the height itlsoc i \< normal lake 
level being M feet. Tlfccre arc three double act* of 
Mm n t <;,Hun. one dmihle net ill PpdJM .Miguel ami 
two double artH nt M I r i th.r. s. The avertim* lift of 
iHjtt-ti art Is V>l* feel, the lerttflh of eiteh ehiuntier U-liis 
I .in «i tHi ami the wUltb 110 f**et. Thr lime n«|tilre«l 
for I tin* of VlHmi'U throiifili tlie liN-k* is uImhi! 

three IkmifM. nml iltronirh tin* i'immI fr-nu iwviii lo 
(* vii n eiuhl lo ten hniirs. 

Tin* wlilih of I lie enmil KflM! I** 1<> tnih***, iiimI It lian 
ail an<a of HI winnre mlh-«. More tlmn Hi.iaNi inrii 
have |mt«-ii ein|i|n)e«l In hiilhllnc the muiil. ami over 
•j«niohi,inii eulile yunU of rnrtli Imve been evmvaleil. 
It In rHiluuileiJ thnl *v:TT,.taMliiiiHl will rcptwnt the total 
nM of tills mammoth pro>4«ei. 

i«ih rh m i>ia rami twin kqi irur.sr. 

The eomplelr ii|iilii|iient for Km* |aMfff iiimI ilhtlrlhu- 
thin »,Vhliin on the canal <H*ip risen tbe 7.-%* «» fclla^Waaf, 
■J.J"Nt-*,.li Ii>ilr..'l.i-irir (Niwer plant ul thiliih ; I lie 
tfBthVfclhiwnlt 'J-UhOrolt t'nrtis liirl»» ci'iiemtor ehs- 
trie iOWef plant at MlratlorcM fur nm t WWJ i » ilmihle 
U.iNiivitlt tninsuilsKloii line neroHt iIm< Mlimus, ena> 
ne« tlntf RrtrttlNal iiimI HalUm with the two power 
aJaaaat: four ll.jOOt J 'Wfl tail alalMlflttMM, afefajdaaji 
ihiwii at < M-! .1., mill H i i ..hi, ami up or down at 
ilaiiiu iiimI MlnifloriK. iletMiiilhn: on wlileh of the two 
plaiila 1m mi|hjiI) hie |Mnver ; thirty sU ".'JUt _4M volt 
tniMMiHiwhin KtnlhaiN for power, traetloti nmj llaht itt 
liatun. I •• • 1 1 • ■ Miinu'l. nml Mimlhire* hn*ks; Hirer r.lii- 
MM pi-volt ' i ■ i f.-Tui. r stations for the emitrol l-trinl- 
hI the hM-ki : ami nt at loir* nt rristolml nml ILhIIhh for 
I lie i aaj lui wltlnc |iUint>, aaajvlinal i4HDM nml ilryiln-kh. 

TIh* fhiliin liHrochs*trle «hitli»n luis a »-n|ui*'lty of 
HIMNi klhvwiill*. ami finMlsUm lui-s he* n nuiite to In- 
rreti*^' this to an ultimate eii|«n-lty of I'.'.imii klhrnults. 
sImmiIiI tills amount of ptMvt la» nspilrisl Inter fur I lie 
iaieniiliin of Itic I'aiiania Ititllroiol, tlw< llins- millet 
pl|s- in the ihiin liavhnr U'-d hr-lullnl ulonu with the 

orttflllal | I, ■ lllMr*. 



W.HUIM- III M> AM> INTAKr, 

The jrnwi Im*ii«I us-alhihle fmin Ijikr (Jattiu lo neon 
title level of the I'ticlm- o*s>iiii rarleA frooi a maximum 

of 111 feet In the e\treme IIimnI tiinos In it tuliilinniJ 
,.r H ftet, to uhli-h level IIm- lake may fmNslhly ilrofi 
townnl tbe rfln* of the ilry Mffa^flKi Tlir plant Is 
i1is*Ii;imsI eiiit>-c<|iiciitly to ilevelnw the full witter output 
wlini o|icriI|iii: iilt4|er an efTii-tlve to -*» I of |B feet. For 
three or four months of every year there Is ah*olutrly 
tic rainfall DU tin* Istlimuw; ami ihirlnc tbbi |ierh«l. It 
Is 4«-ilrahlc te conserve the water to «*• itnut an evtettl 
as |M»o«ihle. Maximum elhi-lem->* was, ilwn-fore, «lc 
nutmhsl for (lie aiiHimltis nf holh t\w waterwlii^l ami 
Keneratnr iniinufarturers. 




t'urreal limit inr rearlanre with concrete core, 23- 
eyeh?, 42-kilonall, *S4-voli. tS.'»i^amnerr, (ratun 
hydroehctrir iruttallatioa, Panama Canal. 

Water U taken from Ijike ttntnn llirooch pn«t«nifes; 
l'J Uft with*, litleil with wnttiflM Iron racks 'j*t fcrt 7 
livelkes lil^h lo (irevent Irtish from eiiterlms the pl|«r> 
lino*. Tlir water l> ailmltletl Into the pt|>e lh»i*s thrmiKli 
three in fi-it tUncb iHnniHer ImwI Bute*. Ha l l 
lmii > are of uinsiiKe eavt Iron r-r r ii> ; i ■■ i. the ■ .1- 
w Imtc water Uiflitiiest In nspilrod K*|iijf niath* of hi ■ >.-• 
ihtmi A'to m*raATii>\' or run < \ n - 

Knelt ante |> i-*inlp|Hsl with two shs"! stems for ralH- 
Inc ami loweritiii. These *1em* an- lillc*l with hrouxe 

nuts ■■.■! i.h .■ In nJler Ihrtist ami rln> ihiIm 

are lilhsl with cetirs arran.:" to t.. i^a*fttftrd 

by a 1% horse |smer, J"j»i voll, alternating ciirn-nl un>tor 
Vi lib a »|mis| of "At reVolllthtfiM |»er tnhnile. The motor 
U plaittl ts-twii-a tlu* stem* and has shaft ex|eiinh>tiN 



mi eiM'b shle tbnt carry two twvri pinlonN nrrntixiHl 
to riucncr the hcvel jjenrs on the stem nuts. Tbe 
Htninh* which carry tin* stein nut* are i-ni)[.|^tl with 
ha ml ofHTtttiiii; me* luiatsni. nrraiiffisl to Is* disenu* 
NNtefl wlM'ii the icate Is o|N>riitm| His-trltwlly. 

The irates an* r<|ulp|Hsl with titiloiiuilh* innlnJ ilr- 
vlrvtt, it insM I ai; of a limit awltiii punsl to dean nf the 
Kutr Ktems ntnl n mail switch actuated by tbe water 
In the pit*' The action of thr NntfeJ In hh fi4hnra: 
The teale InsIiiic cIo«*h| mwl the pl|w line empty, the 
jmte motor sult.h U .|.r.*«| a I the DOWeff bouse, wlileu 
whirls motor ami hetfiu* Ihl* the imir. When 
the irate has ofN'tnsI a stirtii ii-nt itl>tam e to till the pipe 
line In nlaiut five inlnut.*. Hh> limit switch o|HtiN the 
clnult and sli>|M the anitor. 

Tlie tnttc reinaliiM In thU (mslthwi until the pipe Jlne 
\< ullol ami the water rl-»- hi Mm* ^l-lm-h dlantclrr 
air vent Just below the cute. wIm*ii It actuate* a Itnat 
switch and aculu rtaan the tmdor clrriill. thereby re tw- 
in l; the pile to In* o|iemsl fully, wIhmi the limit switch 
airaln o|M*rate*i to prevent over-travel. Tin- icnle In 
ehosisl by reversinir the mala switch nt tbe tsiwer hi wise, 
which can set* the motor to agMHtth tin* limit kwIIi-Ii 
umtn slti|qihii* the motor when the eutr Inn* rein-lird 
the i'IomciI jHiiltlon, tn case the electric |aiwer should 
fall, the cud* nin lie imnd-oiieriilis:) by tan men. 
Tiir i \ t Ahi: riei mm >, 

Kaeh or the-** calf** U iMtftnl to a pl|re line in feet 
t ! InHirs lu tllanieler with nn nrernsi* Iciti^lt or till f<<et. 
The pl|H» lim-s are made or \-imii steel plates iu 
emirses S fisM lone, iiwh eaanw IwIuk niatle of three 
slMN'ta to form the clniliiifrrelMi*. The eeiih-r of each 
isHirse Is liltnl with n 3 ha lt hy ^fj Iim*Ii / bar rhw. 
which In hIhii made lu thrts* WfjUofM After tin* pipe 
was Hvisletl totfclhcr at tlw* Hunt, the mitxtdr was 
iNivensI with n layer of relnforeeil <sna-nsle to |*revent 
rmd. 

TIm- |d|ie llitejs nre hsl down to the rear of lur jn.w.t 
Ihmiki* on a uniform h1i*|h* frmn tbe spillway, ami are 
* iiniin led to thr tiirhines In tin* iHiwer lNHiwe tliroliith 
laiih'tfrve Im'|hI» liaiinif a railius of 70 feet. Each of 
tin- pipe lines is arranged for attaching a I'lr.it tuU- 
testing apimrafit* while tin unit Is In service, ami one 
pair tif iNMinlde titbefc fur taking rcieliutcs in planes of 
the pipe at !■! t|»^:ris-« from ein-h other wa* xuiadbsl, 

Thm Is aiiiimplhdird hy fitllim each pipe with two 
IHrn h saddle tnacalc cimiims-IImiisi lorwleil 4>*i degrr*-* on 

h shlc of the vertluil O f let Ihir of pipe, l'nan lltesr 

eofitiis thins there an* two I'ltot tulir -apimrts ptacisl 
ac-npts tlw pl|H' at rigid ratfea Ul each mlier with their 
thin His-tloiis (stinting In the dlreelloii of tin- flow of 
water ami titled with guide* for the rin.i t ul**s^ TlM*se 
siipimrls are Ih>H*s| lu llw* pij*** mid. while they are 
intended to remain (■•riuitm'iitly In the pl|te, If deslns). 
they can I»j« rtsjiiotisl very r«*adily. 

Kin h ti Inch otilict on the pl|«> Is chrMotl hy n gate 
valve with tt-nguotl ami iinmnil peMeJRH that match 
the haw on the Pilot tnhe apiuirattis. 1-^n h I'ltot tube 
U arranged lo minsiirc l-ilh tin- atfttlc am) vrlmily 
iM'iids at pniclleally the Name |>ilnt In tlir pl|«e. anil 
reihllngx arc aegulmil by means of *T" hilas* isaitalu- 
iug a colocisl lii|iihl having a aBWUea gravity of a Unit 
|,SAi t'arltoii tctrat-hlorlde thinm-d wllh gnwilltie to 
the proper s|Msihe gravlly ami eiJnns| red I* usually 

Use* I fur Hits parjirse, 

One end of euch "II" tula- U etKinn-leil hit tbe atatie 
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Panoramic view of the Gatun hydroelectric ttuitaUat.on* Panama < aaal, under con*! ruction, kdiowing pipe linen and turbine* erected. 



ami the other to the velorlty side of the PHnt tuhr, and 
the diftYreoee iu height of the eolored 1li|Uhl column* 
rend, from which the vrturlty of fluw In the pipe h> 
tubulated. Thl» form of Pilot lulu- U very simple 
nnd rellahle, ait It dtiett not require rompn*H*ed air to 
keep the bend wtthlii nudahle limit* and, at the same 
time, tin* difference between the (italic and velocity 
bend* Ik read off directly, 

In onler to uieuKure tike flow In un> |il|pe Hue, It I* 
only ikeees^nry tn 1«ilt tin* lllot tulie ttiirw plate* to tile, 
valve flange* und o|«eii the gate-*, when the tube* ran be 
pushed Into the pi|«w and rending* taken. WIm'U the 
test Ik eoUij acted, tit* Pilot tula* an* withdrawn until 
they Hear tlx* gate*, then the valve* it re eh»*ed. and the 
aptmratu* can !*• return. -I 

Tiit: SJCtM uv«Hiaxia*TaK- maii<i> m-iuiim;. 

Tli.' prlm-lpul building* conneet«*| with the actual 
o|nTitllofi of the euiml are the bydnadectrle station ut 
-i.iitun Kptltway; tin- Kate control Imki-hc at the spillway ; 
the four sithMtntloiiN uf the transmission system ut 
l.atun. Miration*-*. Cristobal and Itallam. and the three- 
lor-k coiitM holts*-*. All thr*e xtrueturex are dctdgued 
along simple Hue* In harmony with the unbroken »ur- 
faee> nf concrete of the adjait*ut engineering works, 
ami for the Hiliue retiwai are devoid of nil modeled 
ornument; the iiliiln wall Mffuee* tire n-lleSed only by 
tin- restrained molding* of the haarK and enrnk«e*, and 
nn hit nor* hounding tike open. in;*, Thhj ha* the effect 
of enlarging the sealc. or appun-ut »lxc of the building*, 
though they ap|**ur dwiirfwl hy their proximity to the 
large musses of cuiien'te. 

Ttie hydnpeteetrlc station measure* 111 feet hy l:t7 
f.*et ami ha* lilt extreme height of 7^ feet Tliv bulld- 
lug is dc*tgiMsl mi the unit prlth lpte, to ndmlt of future 
e&teiiMloti, and eousMx of u tdugle rouio o|«eh to lite 
n*d\ ex|M«dnc: the trusses ti|HMi whU-h U Luld the rein 
foned eulicrrle roof slab, which, hi turn, reeelvt*M the 
red S|*uilnh tile*. The walls lire of itoiired tttui n-ie, 
30 liirlie*- thick to the level of the crane rail*, near 
the <i wider. The exterlnr overhang of the luulu roof 
l» in feel - Iiu-Im-m and that of Dm* monitor n*d 4 feet 
s im-lu**. the exceedingly large projection* having been 
generally adopted for all the |reruiiuiciit building* In 
the irniM' as a xiM'ller front tna.de raluH, u» well aw from 
the heat of the Han. 

lteyoml the general iw of lite for fleering, and an 
Interior white enameled hrh-k wtih»»>»t I I feet high. 
U* relieve the eimr^'m^ of the walls, there U no dlf 
fen*mv hi tlie flnlHh of the cultetvle nurfarew within 
hiuI wlthiait. Tlie deail Hurfacet* of the «merete or 
alujmajj wulhs whh'h will pmlmhty be Improve*! when 
weathered, an- further mlleved mi iIm* exterior hy 



the ml tile roufrt. Tlie irrltietpal ornamental Ion 1h oti 
tlK- midendde of the hmudly projtvtlnu conihv. which 
lb broken up Into imneled eiaTent. A nuuiher of thc*«c 
tomtaia llshi outh-lN that eii>t tl^ht down on the wall* 
hikI throw (In* Mtruciure lulu slruiu; relief at nttfht, Tike 
large glatut uurfai-ett are atlrueinely bfnken up luto 
amilller |«ue>. I.ltlle w ( hh| |»% until anywhere, hut for 
eomiomy It h> utlllxeil lu the lurue »>lde fruineti uud 
sa^li. the end Irmui s and sa>h Itultuf of lruu. 




C'ror^-cerlion through waler-hecl, (£• Heritor, and 
exciter, (iatun hydr«el<*ctric inMtaJlatioB, Panama 

CmmL 

TIhi Interior Iuik fiKir prltirl|Kil HevullonK. namely, 
a )dt for the lhn<e J.^m-kllowiilt. uydroeMJtlrte tur- 
hlnejt, a malu diMir, and two ttaMcrh-x. Tlie tur- 
bine pit, with an ann of over -.1<W *«pLnn- feet. I> 
hm mted tl feet iN'hm' the level of Hie main HiM.r ami U 
1-ejnlwil hy Iron siulrwayM dem^iullnie j >U' the 
turbine*. Krotn the pit, ulhcr Mnlnt li-.nl down to tin- 
MorenNicu ou the north mMuj iiikI to the ulr eoaipreHHor 
iiiul oil pump ciwitiMrtiuciit!* at the ends. The pit |x 
lined with white enamebtl brlek. whh'h U both at- 
t met ire uud cleanly. Tlie 1 1-foot wuliiKeiil USuEllila 



fruto the main fl(N»r up to the llrst galh*ry elevatlou ou 
tlw Miaith uiill of the pit. 

Intermediate lic4wecu Dm.' pit ami the mnhi flixir, 
and n-aelutl hy Ktalrw fnun the hitter, an- toilet* In 
the aoiilhen>*t (Htruer <tf the bulhlhu;. trlvtui; Hepurate 
uceoaitihpilatluiu* for while ami nlONd employee*. Tl>e 
walli an- ln*ate«l lit cwuuclod brick, Hliullnr to tike tur- 
bine pit, and t be room* an' ctpilpj^t with modern 
UxtureH uial Kf|iarute tdiower emuiMrtmentf*. 

Tlie main dixir divides Inlu two purts, mie being 
purtltbiiHtl off ami di I'oted to lite Umt of the elvrtrleal 
etpjipiueuL in ul the other f una lag an uulutcrru(dcd 
pmmgt en the lwntlH<fWll ntU of (he bulldlnu. ter- 
mlniitliuc with two large eulrunee doom at either end. 
Kusy fliTTw to mil way mr« 1m uffwdeil hy means .if a 
I rack whleh elder* thin floor from grade thnMigh tlie 
northwmt door, thus giving every faeillty for handllhg 
heavy inaebhiery hy tlie 30-luii elwlric eram- runuiug 
the length of the iHiihltug overhead. 

t%Nien-te MalrwayM at 4-llher end of the building give 
aeevMM to the iiiesxaiilne uud whnmhI gallerie*. which 
an- deKitetl to tlut KwilehlHMirds, ell switidi ct*n|«rt- 
uieiita, n-.tit.-oni. txilK ami oilier eleelricul «*|iilpmriit. 
Two Hiieb gallerUs* e.Meiid IIm* entire length of the -fa- 
tiou ou the nort lie*Mt Khle, and lu the kouIIi mriwr are 
Mtt|«>rlni|N»u-d two uiiuller oiick ukciI ii> ii muehtoe sbefi 
and nu olhee, mt|Hiilve<y. Tlie sa^h hi the large nhle 
wull win. |«m*« ure oin'rutcd hi se«'tloiiK hy a burnt gear 
HyHletu, and the <-otitlna«uis lH>tti>m hinge*] mikIi In the 
ruof imadtor are ojierateil by motom. 

VUE T1IIUCK riLATiriM Tt aiUXKM. 

Tlie tihn* J.iKNk-kihiwult initlli gelH'rallng units lu 
tlw hydn*eloctriL- nlutloii an- inch driven hy a *t|M<elal 
o*Kitieh verlh'al. tdngle runner, KramiN turbine ubiihu- 
fucttin-d by the IVItou Water Wheel t'omiHiuy. ICac* 
turbine bus a miixtmum ca|uielt> of .'l,rliNl hur*j-|»ower 
when ofieriilliig under an effwllve Iwad of 7.1 twt. and 
at a iiormnl luriihtg ifajcd ,,f 'S*t n'voluthats per inluiite. 
TIm- turhlikeM are loeattit at mieli u ladghl that the Om> 
ter of the ruutierH b* L^ll feet, idxive tall waUT. 

Tlie water is dhfetmrged IhmuiEh iteMiiad conerrle 
drafl ml*-*, whlrh an* 71-liteh dUuiM'ter at the dU- 
eharge frmit tin- runners, ami hii-nwtie to an elll|*tleal 
M-ethtu of P feet hy 17 fe^'t at I he nutlets, which are 
Imriftoolal, tliere la-lug u ikMlegn^* In-imI hi (be hiliett. 
Tlie linings im> made of li-lm-b n|iid phile*, whh h were 
(llte*l t « igiH la*r III IIm* rd»op ami sldp|ie«t lilioekctl ileun 

The turbine* ure «»f the hplml CAW) fy|ie ami an* 
titled with heavy ensi-lrmi dMMn ring* whieh earrv 
Ihe generator*. The weight of the revolving tairts of 
i-iich i:i-mTdter and turbine I* mrrlod un a raOar thr—t 
(•curing uiouuled on t.<p ut the geiteralor. Tla- turtihie 





'.S >• 




GfMrral view of Catun hjdrwlectrlc slalimi and penstock*, t'anana ( ana 
IwUif Mittk, -fiU» ,iv ia the background. Jane 27lh, litl J. 



tiutun »pillway dam, luokinx voulh from bridge*, Nhawintt fiwirteen cre*l Kate*. 
Ugef dan and Uattlv plern; hydroelectric rfalion on Mi. 



Google 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2010 



July II, 101* 



1*. no il.-al£iir-d that tlw runner osprU nn upward thrust 
of -jn.iiMi [mmiiiUk wlreii working nt full m|iua*lty, llu-reby 
n-llpvititc the HiniM tn-artiuc *»if that amount of load. 

oil fi.r Hip IlirilM Im-« rlnit is -<n|.'ilhil by » small pump 
■.•.-ami t., lite main tnrtilin- shift, and a tank In pro- 
il'W In-tew ilir pump to rn-H.p tin- u.vrflow from tlu> 
li-arimr- lu this way a iiutslnnt elra-ulalinu of oil 
I* malntainr*). Am IhU ull relttrin (n the sneilou tank. 
It i-ami-i tlinnnrh lln* lower jcuidi- ln*uriuir on Hw umlu 
slmfl and liil*rliiif»* II, 

The ruuiwrs of tin- Inrl-linm air- minle of a i|«nlal 
bronze uinl welL-h uppnixlluiltely 7,««l |..ntu.ls mi. 
TI..-.1 «re l».ml tu|«r ami lii-lil In Utter on 
end «.f tin- «luaft by m.-aiis of l.nu-w iiulx. Tl 
of (be runner mm-, an- all hand nnlsbed to raituee try- 
■Iraiilli- liiwu. 

Tiir. i.nrt»:H-tnaa, 

Tlx* a-lnul uf tlic turbine* is t-<-ntn*lletl by IVlton uil- 
|it-p>-iure jcnvt-rnorn, whleh nre ititHint.it on tlw dlntm-an 1 
rim*-, nml an- driieii by Iwvel -cenriu-; from Hw ruulll 
shaft. Tiiehoni.lem nr.- in.nuil.il alum- Hi.' s..vi-nion« 
on Mi|,|H,it> |i..||.nI to tlw dlMmus- rime* Tin- tai-botii- 
.'Ii-th arr dini-tly ti-tuiti'ttil to tin- tcaiTerinar Iii*ui)h. 

TIip i-ou-ritor-. nr.- IHt.il with small ehi-tile motors 
for varying thr s|nnil uf the main tuilt* for -.ynt'hnuj- 
IlillK pnr|n **•-*. and ll devt*v Is lmivlit.il oil (Hell Rnv- 
i'TImht for vuryinic llu- ihtiiuiiii-hI dnip In npis-il fnnu 
no l.ul.l t.. full 1. 11. 1 'ItllM .-an I- llilJUMni for ally 

uirliilioii front 5 i»-r nut dnip li> nhw.lul.-l.v .1. 
!>tn-e<l. from fri.-tl.tn l.ui.l to maximum loii.i. Thp j 
.■rnors nr.- nl-ni lilti-d wild htitnl *-..li1r.*l nni'llit 
[t.r adjusting tlw icntt-s lii.li>|M-ti*li-u< of tin- oil prp-isin-p. 

Tlw wl.ket piles f»r i-oiilritlhiiK Hit' niiHtly .nf water 
to the nmiii-r nf thi- turt.ttw art- slet-l eiistliLCt with 
tin ml lli.Mi.il nilrfn.i-s. Kn.li pile Ian- It- H>ot stem 
extern-leal iii-wuril tlirtniL-li a [iiK klnx riuuil owl Ik flit.il 
«llli mi ora-ratlin; U-vor, All lli^ itnl.- an- .1.11- 

tintnl to tlw pi 1 1' rliie hi iwnii> of Imaiu- link-., ami 
llu- irat.- rhw is •iiniHi'i.il lo ltn- soi-i-rimr r.N-kHlmft, 
All tin- ri-iznlntlnit in.i-hniiUin I** tli.>ri'for.* .Mit^iilr IbL- 
tiirliitn- I'ltn-, I'Mi'pt tlu- uaf.-i lln-msi'lviii. 'I'h.- wnh-r 
|ni»a»iw .ai iinti of I In' itat.w arv pruviilnl with 
riin-walili' roJIiil dtii'l n-inrtnj; i4ntr-s*. 

|.ll.il l.y t«i» IVItiai rotary pumping unit*, ilrivrn by 
In horw- |.,vi.'r alti nuitliut •nrrvnt iiiMorn, nt a i^h-v.! 
■ •r .'I7*i ri'volutiiaiN |*'r iniiiiili-, i-iM-h f.utn|i Im'Iiik caiMihli- 
of lupplyiuK tbr piirrnor» on all tlirop niilta, Thi- 
izov.'rin.i* work on nn .nn-n K>Ht«'in, Dirrv bohu; no 
im-uuni rbiimln'n il*«I. '1'bi' ilixluirsi- oil from thr- 

U l.il Into ..II |mik«, from wlildi It 

Into tin- mmloii of I hp pinup*. Kai-h .ill |aiiu|> 
i» (iinnii't.il tn n nln 1 pmutiir.' oil nu-lver with an 
air h|wt iiIhivp llw ull. Tlu- oil inunp tank.i and ]>l|a> 
. onnii'tioiw arp Inxtallni In ilnplU-ato, and vhIvpm an? 
(irovfiliil to utml.lv <«iu M-t to bp .l.-aiw-d whllp tbr 
otlu-r l.i in i«*n-Ui'. 

c.r-M«AH»i a>i> i.ianT i mm » nirji rxiintiiK. 
Tln- llin-p main KPiionillin: niilw nro of thv vprtl.-al 
r.-volvliu: Hold 1)|»'. pii.H I. Ins protkl.il wllb a .Unit 

•• "iliil PMlt.-r. Tin- i»'lM'rat..r» nr.' .rf th.- (;.-i..-r«l 

IJo-trl.' rouiimiiy laiiiiiifin'tiir.*, i.ml tin- 't-plmi.'. 
* trip, ivllli ti icimraut.nl piaitlnini.iH .'iiparlty «.f li.mll 
kiloH.illi nt «.s i».». r fa.-4.ir, 2.iin »<4la. SSo r» volii 
tl.ii.i |«t lolmitv. luxl with nn ovi-rlim-l ratlio: of 'J,.'/Ni 
kilouiiiii at n- i«.». r fin-tor r..r 'J In.nr^ 

Tin- i-x.-ltpn alt- of rn^kllowntl .-.ipu.lly nt t^. v.ilb., 
.•n.-li . ||iil.lr of fiinilslilrnt pxpIIIiic .nrritit for t«o 



mill, xim-rator ami ."iill.-r, nvtiib-. 1. 1 ., .r. ,M i,i„l ,-l.v t)5 
toni. 

Tliv itt'ltrrntori nr.* rnrrnil on ln-my .-nut-Iron tlln- 
tiin-i' rlnsi funiislnil l.y ll»' IVII.hi Wnl.-r Wliti'l Com. 
Iiii.y. llu- ~tnll.ai.iry >m»ioin l«hii- li.llnl to i|i..»v 
lioev Til.' thmst ami n|.|i-r tcnl.li- l.'nrlllt ilip|nrt 
iKi>W» of « n i.v rliil.l iron vuillnj;. ImIIpiI to llu- |i.p 
of lit.' iliilionary nnniltiirp. 

Tin- tlini-l li-utlo^i sin- or Ihr r.ill.r lvi»-. iiuinn- 
fa.Himl l.y lln- Stninlanl lloll.r ll.nrliiv Canmny. 
l'lilhi.|pl|-lila. Tli.-.' Imi. r lot- .iirr.v tin- wplulit of thu 
...|ii|.l.-lp rpi'.-lilin: vUtuptit. <H*i»litltiK of tliv i-i llpral.ir 
rli-i.l. .-t.il.T iinnnturp niwl turblnv miiiivr. whl.h nrv 
lu.nintnl in thli ..Hit i-ji 11 iMip pl.ii- «linf|. 'nn- wvUrlit 
IIiiIk »n-|»1|.l>il U UJ Ioik. Ttn- PM-il.-r ninpivt fr„in.- 

li ni|i«.ii.il by lni!> .KHt on flip Niull.mary nriiiiitnrv 
**T tlip innlli ci'in-r.ifor. 

Th.' .-vplt. r li nuillli i... .--II.I,. ihr.mch lnrt-.. I...I.-. 
In llw .Ilitiii...' rlnu. n |.liilf..nn lilnu pn.ililnl Jii~i.tr- 
lln- rlnu fr-nn which tl.. .A.ll.r .i.niiniilii»or ami u.i.- 
.•riitor .'.-ll. . l..r rll.:N mnj la- r. n. hnl. 

1-pnMon I- uiii.Ip for »..-niln; tl,.- ni..Lrn.-l fr, - 

..f ih>- ,-m-ii. r t.' Mi.- r.'i.Jiln; .'Icmi'm ..f lln o n.-Mior. 

Ili;.l lb.' ,v.iiipl,.|,- nJ-itlnt- <•!. li. i nt. (.O'lli. r villli lln- 
• vitvr frana-. I- i.il-.'l ,.t .li...' In -ll-ii--. 'int. Hi. a. 

I ..I iii-|ai'll.-n ,,r III- r-.ll, r 1..-1/H,.' I| U n.i.-i-iir>- 
■-llii|.l\ to n-ni-.ii' n v|i>sl lln. Mini: <w It- h from lln' top 

"»■ ^l'" ri H"' «-r li-Hf ..f tin- Unrlm- h.-n-iin:. 

•Ih.T.' nn; inro Kiilil,' U-arliiKi. onu iuiiuiilillh'ly Ik-IoW 



Ihp threat hPartnK- fiimiahrd with tlw irviivrator. and 
tbu olhur alarvr tuo wuterwhr.-!. ftinilnhrd hy thu 
wntprwhr-pl brilldpr. Tbr amtni-.'im'iit of tlw pamplptp 
unit In nhowli plrwrly lu Hip .-raw sp. tl.nuil vluw. 

TIip Kviivratorn, niKlrr n*ll.-lal l.-it«. nlni*nl nn p«li 
. b-m , of 11ft. 1 |«-r .xnit at ^<«»i kllwwiilta. ».s powpr fa.- 
t.nr; IM-'i |«r .-put at l-Mni klluwatti. <I.S |n.«,^r fll<- 
tor: ami tr.'.r. |»-r .Plit lit U«»« kllownlti. u> i«rn.-f 
rn.-tor. Thv iriiarant.nl t.'ia|n.-riitun- rl— * of 411 rl.-jr. 
t i-ul. iilnm- nn.ni t.-niinralur.', of US di-K. t'pnl. umlur 
■-.nitlnuoiiK i^n-nition nt full l.ni.l, and TCt .u-ir. t'tiiL rlnu 
aflnr liiaim run at -J.*. i»-r ivnl on'rloml. 
u'llli an amplp niariclu. 

All of Hip apiui ratua wan xuhjii4.il to lb>< 
ami oilmitp liPHmlloti durllnr imlliilfiii'tiirp l.y repre- 
M-iil.ilh.-i <nt tin- Intliliilan Canal i'imihiiI-o-Ioii Tin- In- 
Milatlmi of all wlmllinrn wa" ma-lP moist lire proof ..n 
ii.ixi.int tin* vxtniiip I'liluiilb' .-oiHlilbmn on tlw 
Klliiiuiv 'flip re.nlvlm: Ih-I.l w«n irlivn a mnniue Ipnl 
nl twin- in.rinnl n|»nl in lln- t.-illin: pit at tlw fautory 
l>niTl.l..l for thli n(ip.-lal |iuri«»*p. 

■uu.-TAM-ra. 

Ciirn-nt Umltltllt nwllllava win- provldul to tivp 
r, |. r .-phi reaHlYv .Imp. nt -;, r ><Nl kllowatK VJHI" volt-.. 

i-.-.-yr1p. Wbll.' thp wnprnlor whi'lliiin are 
Bl.l to ntantl th.- nlntlli of ll »ln.rt a-lnult 
nnilnr full linnl. thmn- rann-tlllMi'* will nilu.-p tin- nlluk 
on Hit' wiu.llli|£i itlnl will aim npri.' t.» ra-lnU-r tin- 
i^n-ralioii uf nyiu'linailxlint tlu- mai-hlm-H viLnlvr ami 

Mlfp- 

M<rroR-r.r*ruATna nrra. 
In ii.lillll.ai lo lln- .llrp.-l-.iinini-t.il px.-lt.-n.. two mo 
lor .Irlun vx. lt.m arp miin^tnl. Tlirnp iam«W <nT a 
Iini-kllowiilt. 1'JS volt. .m«Hi'Volullon i« r mlnnlp m-n- 
■ nitor. .llrppt poiiiip- IhI lo n 1,'aO h..mpt».wpr, ^iw-v.'l. 
2f.p.v.'lr wpilrrel a-affi- ly|n-. Iinlli«*lli.u ln.4..r. Thi-y an- 
Diouiit.il tai a .lanmiai Ih»«p plnl.- and pi-orbhil wllb 
thi-pp In-ariniot Tln-np px. llprn .nn a Ian In' uaa-il for 
i-lianrliii: Ihp pontrol lanprT. 

DlMlallll ftoN Kt'llKUr.. 

tin n.ni4in( of Ihp irrmt diitnini-. 
trnnniilttpil at a mltnsv of 4I.IKI 
mall.ain tn both prnU irf tlw uiiniil. Tlw 
foniipn nr... Iiowuvpr. n.« lon.tr.1 In thv mrni-r plantn. 
Imt hi »nhtt«tl.n«. In thrir vli-lnlllpn • th.rifi.n-. thp 
inn.t r platilH (,'pil. ratP and dhitributi- only 2.a0l>-rnlt 
.•iirrpiit. 

TIip nyi-l.-ln of .mimi-tloci thnaixhoitt Pinployn tliu 
doiiblp bun. .lonhlp iwll.-li ».4iPlnP. with provision for 

.llci tliiK any oil nwlt.h f.a- .IpunliiL' or r-imlr. 

n-Uhnul lnlprruplitiK tlif i1n-«lt. Thin nynlitn wan 
naturall)' nplpptpal for Uiln Ktntiini lan-annc It wan con- 
nidifiil llu- ni.nl flu-ltilp for tlw rpaiulrptiwlit of uniir 
Ivrruptpil wrvlpp, wlilrh thp nnrltippm of thr Inllimlan 
Cuniil CnnmlKil.m Inn. xi .-an-ftilly .-omldprail. Ilioairh 
tvlthout sii|vrllnoiix .-oniiMii'iitlinin. 

Isarai'MR.-aT A.M. pniTa.14. imAan. 

ITip iniiln nwltphlnninl b: of llw U'lM'hb.nir.1 tv|n'. 
with vprti.nl n-ar Inwnl for n-Uy. watt h.-nr m.'t.-m, 
isnlplib- InnlrmiH'iitj., nlnl th.- ..iiitn.l Imlti-ry n|Hi|p 
ni.-iil. Tlw iwil. hbo.nl ninl all .i.olrol ur.inin.tu-. w.-n- 
l.nlll by Hip Ciin-rul Ivln-trlp Coniimny. Tin- npniv ln- 
twn-n tlw fronl and llw runr Inwriln In lin-hNvl by srtllc- 
uolk with ilinarn at Ixifh i-inli, m ml n nnlnl ni.-l'llii.- 
ptlpmlirii- aloliiE II'.' fl.nnr nml tin- t.nji of Hip Inmnl 
tflv.-. a flnii.hiil a|iin'iirniKH' to tin- wholp. a hi tin- lop 
of llw iwlli'hlvmnl K a i.i-«inl i-lory. for lln- i-lnlrlpnlly 
■imtroll.il Eiin-nitor anal pM'IIit rln-amlnln. ainin.lbU' 
by minim of a ]n<hl.T Innklo thi' nlnwlurp. Tin- flmt 
pnnH fr.am Ilia- l. fl In thp tn-w-hlnmrd .m.ln.l» thp pv- 
.-ilpri. lln- ln--t thra-n Hip j-i-ur-ratora, anal thu nmaln 
line four Hip Iwi'titv four ftnlpr air.-i»ll». Tin- nyitnin 
of .-.ii.iHi-tlon U rrj.rpnpiil«l by dummy bn-on-n of |m*I- 
ishnl ptflnn-r on l.^i of tlw U-lH'h. Tin' llili-llor vl.-w 
of IIm- In'lM'hlmtr.l -Iw.ni I It.- nrr.lii^i-lin-nt of -.li'mliin; 
l.lli-n'i ami fllmi*. tn^.'tiliul Inii-n-i. iii^l nnn. ilt lliUt- 
ninii.. uinl Hip .lu.im-l iron rl«.-n with .li.lrllnitliii! 
luln-n, whl.li .-tarry (In- lu»tn»liniit ami .imtrol l.iidn to 
Ihplr iH.lnln of .ainini ll.m <« llw Inmnl. 

A K'-tu-rator vollnitP n-Kiilntor. trnn»f.'nil.l.< tn pllhi-r 
of llw two not* of biLisp^. t< iriHlitll.il on u nppnrnlp 
j».lr~liil. wlii.-h al«.. nirriim lln- aim hr.mlMii liiall'-aiors 
and rlork. 

m im noAKn. 

A.i llwntloiMil iilniv.-. Ihp r..-|t.T< UK' ...Ml rolli'l from 
tin- In-ln hb.mr.1, t.ul tlw pl.i trii illly o|« nillil PM lt.-r 

!■»•». hpn nnd fiphl ivall. bi'i nr.' ni.ni.il.il on a an |ur.«tv 
limnl l.int.il io in to lonki- Ihr pxi'ltvr nniniitl.nm 
n» nln.rl in inwlbl... Tlil- nrraiisiin. iil ,-llm1iiat.-» Hip 
.'X.'llpr Iniin'i mill tlia' ninili rolinii'tioii.. frann thu rani- 
InJ Iminl. ti.lt li-.npi tin- poiilr.J <>f tbn wholp pi|iUp. 
in.'i.t in tin* li.ilnli of the .-"n-ralor. 

ft! M AM, iWIT. II I'nypAuniFSTa. 
TIip Inl- nnil iavlf. li .inuplirilnrllt-i tin' l.i'lll.il on two 
L-Al . rl.i, cm thu H|.|« f Bill. ri- nro l.« nlpd Hip ai-ntr.il 
bounl ni'iir Ihr pud of tlw .iluliuit llial may bp uxl.-uxl- 



ti), thp KPiivrator rpartiUMx-a, <ajm|nirtmpiit for p*nrT- 
nti.r .-nrrent and inanntlal Irnniforim-rn. ntnl the tcuti- 
rrator nil nwil.itci. Kriaii Ihp oil -twitpbi-i, poniu-rtlorn. 
nrp mn.lp thriMi-cli ih.- fl.mr lo tli.> Mimm-m on Hit- tMih-ry 

bi'hiw whli b eullpry an- alio tin- fuller ull nwllrbp., 

mid Ih.- aimi|.«rtmi'in f.nr il.p lii-lnint. iit I rmi-formir » 
ami .whip In'llK. Hit llu- miiiu Hour, juil laplow thb< pii< 
li ry. li Hip a'ahh' v unit with rai-k» for IIm- fmli-i <-tihh-H. 

All .-i.lli|otlilm'.il-. tire built of ..miTi'lp with flamp 
pn-of alanim. 'Hip bmii-n nml .miini'tltilM lira- Runic 
of Mil Id aii|i|n-r r.»l» of nini.-la-lit nil!.- to -tlw ll rlirld 
...ii-lruitl.Hi ,-n-n wht-rp tlw .-uri-aiit bt vi-ry -annll. 

After tnMalli.ll.il., tlw Iitiwn-n nml i- Horn, nnd nil 

yoinlia an- Iwtivlly iiinuliitiil with rarttish.il a'nmhrh- hi 
itmka' them in-rfn-lly i-afp, 

All Hip •.•^.1K>vi(lt oil iwit.lMS arp -n.lpin.lil lagn-mlpal, 
ami an- pnivlalail wllb ll-.i-htlhUln for dl->'ijlilw4iri-c 
lln-tii pinlly fair lii'iinlin; or repnln. i*i urraitpil Hint 
Hip Il.p iMrt.s tin- pompl.-lely ...v.-lnl. Kor tin- Inind- 
.-in-nili.l Hwlli-ttpn, ll pl|n- framework n.ip|n-rts lprtleiil 
nt.-lal Eulih-i whl.li i-arry lln- oh swtl.li otnmliiig 
to.. linnlHai and nlalp lamp fonnliic ti m tioii of tin- 
iwiti-hlnntnl t-au.-l. tin Hip prlilpn a |pvi-r nlul t.ax-uft- 
ntp.-lianlnai U ni.ilnitiil. l.y whw-b llu- .ill nwifph ami 
nlalp liaiv tntiy In- rai-nil ami lowpml. Atnive- the a>ll 
swil.h, ami moiinliil mt the pl|a- rntim-wtirk. 11 Mutton- 
nry aiu-t-lriilt ln*-n- ptirriai. Ibi* dlnroitmi-ttti-t nwlt.-h -tudn 
n ml iuiulator*. Tlw lilsti l.-n-ili.il h-adn run lo tllr tma. 
..f Hip .ll».'.niii.itiiiir tnrll.'h Mudi. uinl llw hotl.au ..f 
i-a.'lt ilinl ii p.|ilipr-pal with aiicihicl llluti-m. llu Hip 1i.|i 

of Pll.'h Oil SU'lti-ll Mud ll IIH-.lll(.ll 11 i-rUltlirt blll.lt'. 

UTull Hip oil -oa'IIpIi Is rui-.nl, Hn-np l-liiikui prilMicv 
the tiinta.-ln on the In-Horn of lit. tliitiuilun'tliiK nwil.ti 
-■llplx. wbleh lltii.-. In llu- pl.nnil |-.nltb-n form pkipiimIimih 
of Hip oil nwlt.-h alwla Tllv .li-an|imi-t llIC iwlll h nni 

Iii.'Ih are Mirn.umlnl by ii.-nhitli.i: »)il. 1.1. whl.li pra-- 
vi-itt a.i l.lpiilnl poniiii-t. When Hip .nl «wlt. I. U low- 
pml, It l» ponipli-41'ly l-niluhil frinn Hip plreiill. Win n 
Itu-oll -.wit.'h ti rubu-d. It alwu.li- •;.i.*i lo ;i tixnl lu-iirht. 
w lwn- It Ls Int. Iinl. An Snl. rl.i k pri-vt-nt-i Hip oil 
Kwltrh fnnu la-in^ nil-nil nr lower.il iinl«--^> It-, piui- 
tneiji art- o|» n. |.r.i lii-Mn; llw .iti uit Inini: i'l<p-ral w 
oln'ttti! by tin- iMm-ulil-.i'tinL' nwlta-h. In waitp liiMitlux^ 
two -.lititle-lhrow -iwlt.'bt'Jt a 



el.i-.tnl ut tin- lamp tinH'. 

Kt.r >i.l4'liold-.*|n'rilt.il MWilrhen, Hip mine form of illn- 
ii-niui-tltt-: KWiteh ti u-ni|: hut Hip ni-li-nolrl ti nr.-atloti- 

nry. anal lln- .i.inui-tliiu mai-1uuil--in lo II II hv.-II.-1i 

Iiiij. a lerlli-ul ilotl.il link llittl alli.wi. llw oil nwitali lo 
l«- raii.il and l..w.-ml wltle.ut In'lni: dl-..i.nn<-t-l.i1 trim 
llu< Miliiuild Diivlunilmi. A imibmiianl Ini. rl.ik pn- 
a.-nti ntLiluj; or lowprin-; all oil swlli-b wltilv 111 Ihp 
phmiil iMaavlllon. 

The ei-ui|-li-tv Itytlraullp pijulptuif It for Ihlw ltu.talhl- 
lioii. tiii-t inline thp ra.-k>s huii.ti.nlp>-. pl|n< IliKm, rttut 
tuln>-lti.nii£ aj-|iartituH, turhliip-t, ua.vpruont, ulul ail 
pumplnt; unit*, wan il.--.lirii.il nn-l l.ullt l.y tliv IVIImi 
Wuli-ruluvl f.'.«ii>t»iy ; nml all (he el.i trii nl iipi-arattln. 
liHlualinc llw •rt'tii-riilor-a, nwlti'hlaniriK tr-aiinfimupiv. 
htnil snle limlorn. limit iwlli-ttpn, Dial nwil.-lirri. a.111- 
-n-rii-i. mial uiot.iri for ilriilu*,' Hip oil puni|nt, wua. 
ili'ilinn.l ami Mlllt by tlw lo-mriil Kltiltl.- C.nnpuliy. 
Ttiu d.-liill-i M di'iiicn ttri.1 iiuttiiifai'tiin- of till lltti n|wiu- 
riilni wprt- .itib>.i-t to Hip appt'oitil of thu Intliuihiii 
l iinnl C.uiiliilKnl.m-H ni-tllni'm. 

Tlw -liir l'lntr wi lElit of tin- material fiinilih.il by llw 

IVIti.li Witter Whai't C tmny. ItuliBlIni: Hit- auxlllnry 

'hilrieul mralin pnrehni.il by tli.iu fri.iu tlw <wn- 

.•rnl ICU.-lrte Cunptiuy. nan tippniAlinult-ly imp llum- 
i-Jlnl loin-. 



The ' AqniUnia • and the " Vaterland." 

Tint •■Viittrlmnl" Is Hip hin»«t nliip In Hi.- world. 
Inilh in ri-Ltunli linuuioi- nml .lliio tisliui II. r L,-n-s» 
t.-nnun- Is r.smw, i„. r h-nnti, ..-hi rut. nml l„-r l.n-u.lth 
Urn f,it, ti... • A.pilinnla"' lun n -nam timmnrp of 
17.i«»«. ii li-n-rtli of l«'l f.ii, nml u Im-ailtli i.r !r7 fai't. 
sr.-am li .l.-rlvnl In Hit- "Vnlerlnud" fnuu forty Mx nln- 
iCl.--a-iL.lail wnti-r tnln- Imih-rn, and ti ica-iwrnti-d at a 
pri-ssure ..r 'iTi in.uit.ls jn-r h.|ttiirp ini'lt. 'Ittp tu4ut 
h.-alllis nlirflll-e Is ^C..n»> «|llan- f.it. Illnl tl„. tM.-tl 
urate ui'.u r;.7i«l «|it.in- r,i t. lu the "Auuilmiia" then- 
nre liiem.v-o.it' litrici- .louble i-ii.|.i| tank hollers, 

Willi elicllt ftirnil.l'S. Sti-ani In icetli'nill.l at It i 

el t!L" |inntd> in-r t-iitmre im-h. Ttn- total lieulltitc slir- 
fur»- Is l'is.r/M. s.|ii;ire r.i-t, tin, I tin- total icmte urin 
::.".IL' >.|llilre fi.'t. Her pn-ii'lllns tn.i. Iiln. ry e,,u«liti 
..f triple px ( uiiisa.ri l.irt.lin-. ,.r lln- I'ur-nHin a-ilini lyin' 
drlvlmc f.mr ».-„.«,. Ili-r I..I11I ulnnd In-r-.- |..». r tuet- 

ui'.-s .%iv.<ri.i, kIvIiiic 11 normal s'.nl of -„l j:l kniCa. 

Tl liiClnei or the "Viiterliiiid " lire trl].:. ..[.nlislon 

|t|Tl.ilM-s of .'oliibln.sl Impulse niL.1 l'lir-wniH I \ in- drlv- 
line linn « 1, 'Ah, Tin- taln-ni] Itor-e ji..w.-r Is ulniiil TL'.tMiri, 
jcivlnic -in nn-r.ice simil of Jt;t-i knots, The full isnn 
pl.-melit of pu-*-a'iii-»'i-. mid .Ten lit tlw "\ uti.-tlmid" Is 
«,:U'«I, lu tlw "AqtuUMllu," i,'Ml. 



Digitized by Google 



Jul, 11, 11*14 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2010 



Fluid Motions" 



Some Problems Awaiting Solution 



By the Right Hon. Lord Kaylvigh. OK, K.II.S. 



It Is apparent Unit In dealing with n large mid In 

tcrcsting class nf fluid motion* we caitm.1 go fur wtlb- 
out Including tluhl fri«'tli>ii. or viscosity, as It U Rett' 
i-niil* mil-il. lii order i" distinguish It fmin tin- wt) 
ditTt-roiit s..rl of friction encountered by solids, unless 
mM MtffieittvtL iii unliT ti> iirtiii.- it. »« um> Mrita 
the simplest case where lliil.l I- Included Wwni lun 
purulli-1 walls, >it unit illsliusi- upnrt. which umvc slnnl- 

ii). net at lit awn plane, with velocities vrMefe diner 

by unity- *hi Ibe sli|*-s««It i»n Ihitl tin* fluid also moles 
hi plane Mt nun, the vlMiiflty Is ineasiir.il by tin- tun 
gentini force |i-r unit uf ir«i exercised by cu.li stratum 
II- ni-lghlsirs. When »-p urn iiajccrucd with In 

calked 

HuiiulU, ulane defined by Ibe diiislty »r the flubl. On 
IhU syslcui the rlatsadty i>f walcr h much Ii »« thai that 
nf nlr. 

Vise(-sity varies with teni|*-raturc ; ami it Is well In 
reiis-mlsT that the vlsti.sily of air Im-rcusc* while that 
»f will if lUimiiiot. hi the i.-uus-ralurc rUn Also thai 
the viscosity tit water inuy In- greatly iwTfii-.il by ail 
mixture with alcohol. I us.il these method* In 1*7H 
during luvestbailMiiis rc*|si-liuj[ Ibe influence uf vis- 
cosity ll|«ilt lln> ts-havlt.r of sin Ii lltli'l ji-t-- 111 an* sensi- 
tive to -..ii 11. 1 and v Hi ml Intl. 

Kvis-rlinculally Ibe simplest euse of ninthm In which 
viso>*iiy l« inninmuiit in til* flow nf fluid through cupll- 
lltry tube*. The law* of such inotlnli are simple, ami 
were "I'll Ii.v...|lgat,i1 Ii, Pulse ulllc. This Is the 111. II1..I 
raiiik.icil In priicllee Ki determine vbvualllra. Tlx- a|i- 
imratikN la-fore ymi Is arriiitgul in mIh.iv ihe il1uiliiiillt*i 
of visci-sity willi rising lemia-rnture. In the eohl the 
flow of water through the capillary lulu, Is st..w, ami II 
rupilni s»ii.iwl* In 1111 11 Miiall ntou-llt lug \«^>i-l. 
WI1111. Ilim-rrtf. thii luU' L< hfilli-d liy lttl.-«lliK ili'iim 
It W VWlft rb> Jnikil aiirnniuillui: II. I lie How nnihf Ihr 

mojt bnrf i» met hmmi ami the mmun i> mini 

lu Jli laniiala. Atii>tbif cam- ot preul |.rn.1l<-al llu|».r- 
tain-e. wlwn* vlan^lty I* tl«» li'iiillut* ii«ii«lili*riilion. n- 
lal<-« to Inlirli'nll.ai. In ailnilrahly <n>mlin-|«il t'X|«rl- 
HMMs Tower Mhowinl thai the Milltl *urfaor> niorllic 
over nlle ftlHitller hIhiiiIiI In- He|mralell l»> a eoni|ilele flliu 

of oil. nwl thm when thl.« 1» ntleiidiil to there l.« no 
w«r. On lhl» lm»l» a fairly .i>ni|oVte thi^ry of Inhrt- 
eaUoa MM Ihi u <levrlo|mL maliily by O. Ui-jixililt llul 
the ra|illlar> nature of the Unlit nl~i enlern 10 «onie er- 
lent, ami II h iiol yet cwtnlii llml Ihe whole cluiraetif 

of a lobrtcaM he nc|irT«a«l even In ternw of Until 

Miirfmi' teiiHii,u mill vineoelty. 

II u|i|«-an« lliat in the extreme e:i.vi«. nbi'n rbaxmlty 
eau la' iM-Eha-tnl mat iiitaln wlM'h It Ii |«rtin»niiit, we 
are able In rive 11 pretty n«al acniunl of what i»i«~ 
ll la III llu- IrtWHlMtf NllaB, when- lailll HliftlH nlal 
vbaimlt) nl>' of lurltience, lllat Ibe ilflheully U erenleil. 
Illlt even hen- we lire luit wholly '.vlth.-llt inililunee. 
Ttumt Ii it |Uem1 law, <iiIIliI Hie law nf ilytullnlcHl 
limihirlly. wlileh Is often of great tvervln-. In the |*nt 
this law hint l«'li liluireountalily nxliiitil. ami mil only 
In Ihe pn-aiit Ml It allowa na t<i Infer what will 
hnpiaii ii|mn one anile of oiafiitkma froni what lui» been 
ohMffVGd at aimiber. Oh the ppc*aeut UTI awhwt 1 must 
limit myself In vhammia Itiihls. fnr whb-h the law nf 
similarity wax Inbl ilown In all lis miupl<-leia>Hs l,y 
Stokes MJ iotm itiro aa UWK It iipiiwni that nlmllar 
ntoilons uuiy take plain- provlikil a n rraln eomllllmi lw 

wdaBpa, vb., llml na pmdael of tkc Uiuai aiBwiuwhw 

au<l the dtattTi "llvlded by Ihv UBMHrik rlsmsity of 
Ibe nulil. n-iniiln niichaiui.il. iHimwIrieul similarity la 
Ul — HHIuatld, An naaBKl will make IhU elearer. if 
we ati 1 ihiilttii; with a slimle tluUI. say air uiwler glt'etj 
enwllllofis. tile ki 1te1u.11 1 a* tlariadly niualna, of course, 
tint manie. When a snlbl sphere moves unlftirmly 
tkftNUth air. Ihe ehartieter of Ihe motluit of Ihe lliibt 
muial It may deiaurl ii|ain the «!»• nf the sphere anil 
<l|».|, Ibe velM.ll. with nhleh It travels, llul we mtiy 
infer tluit Ibe motions reninin .Iwilur. if only the prial- 
lu t of llbllueter anil Vebalty la> tfll'ell. i lm- If We 
know- the mnllou fnr a imrlU-iiliir illameter utal velocity 
of the sphere, we run infer what It will la- when the 
vcioelty Is hitlved tuiil Ihe diameter iloubletl- The fluid 
velocities also will everywhere be bnlv.il at the iwre- 
nmMm tttW H, It RMM k9MHl Hal for any sphere 
there l« a vehwlty which may la> re«nnleil an critical, 
I. e . a velocity at wbl, I, Ibe law of 1 



II 

rule Unit these critical veba-lliiu sliouhl Is- Inversely 
l>r..|«.rll.aial t.i Ha- ilunns-i.-ts of llu- K|dicrc*. a c.aicl« 
siiai in p reify g.sil agreement with .M KlfTel's otM-rva- 
fhuau.' Hut tlie prlnrlple 1> ill bust cpmlly iinimrtaiit 
In effn-tinis a i.iim|>nrlsiiii iH-twei-n .llffemit Hunt*. If 
we luwi what hapia-iis ..11 a certahi with, ami al a cer- 
tain ve|,«lly In irtrYr, we ran Infer what will happen 
in Sir oti any uttM scale, pr.ni.bil Ibe ntadO Is choaflt 
aattaal)'. It l» uanuiMil lien- that tin- eoniimiiiliiHiy of 
llu- nlr .Iim-s luil .sun.- Inln 11. 11,11111. mi assiimptinn 




Fig. 1 

which is ll.llntnllile no long as lla- velucltlcs are small 
In 0.111 purls. .11 with tlwl of uonnd. 

Itnt illthiMlcb Ihe |>rili.-ipb- nf similarity Is well .-stub 
IM10I nn Ibe Ibiurcllcil] siile iiial lias met with some 
(iinflnnatlnii in cxta-ritiM-nt, there has hccii niui-h Im-sI 
tiitlnii in applying it. line |s>rtui|ts I., ci-inlii .llsi-re(aiu- 
dca wllb DbHcrvallon which stand r.nmli-d. Ami Ihere 
Is another reason. It Is rntlier illtflrull P. niulcrstunil 
Ihiw vlsc-.ll> can play «i MMgt a lain ua It wi-nis In 
il... es|«i-lii]|y wb.-ii wi- Intnilnc- nuiiilstrs, which make 
It iiMHitr thai Ihe vlscwlty nf air, or water, la very 
small In reunion to ihe other tbila occnrrlnc In prac- 
tier In ortler to remove these doubts it Is very deslr- 
llble In f IIMIIIlWHl with dlhVrcnt viacosilleic. but Ibis is 
lu.t .-nsy to ib lai a mialeratcly large acule. as In Ihe 




n«. 2. 



heforc yoii 



tu another 
la a coa tract ill pliier. 



.h-llvfr^l n< tint Koyal 



wlwl clutnnelH aseil for 
therefore, desjmit* nf 
lallotis Ihnl 1 have 
aiasiruloa. 

When lh|iil<l flows from 
Ihn.ugh a rhatinel In which 



pressiin-. I e.. the difference uf Ihe preaaurea In the two 
reservoirs, with Ihe nucfnia, I. e.. the difference bet 
the pressure In Ibe reclirtetit vewari and that leaser 
mire lo Is? fisund at the narrow place. The ratio of 
head to auction la a purely numerical .pjnntlty. and ac- 
cording lo Ibe principle of similarity It should for a 



Is- taken proportional to the kinematic viscosity of thai 
fluid. The use of the same material channel thrnugh- 
OOl has the advantage that no question citn arise an to 
g.s.niclrleal similarity, which in prlndpln should extend 
to any rouibniioi tinnn the surface, while the iteceaaatT 
chnngw of velocity are easily attained hy nil. Ting the 
brail, and those of viacoslty by altering the temperature. 

The apparatus coiudsted of two aspirator bottUya 
(Tig. 11 containing water and connected below by a 
In a cylinder „f t,. M d. 7 
light with ntlitaf corks. The form < 
employed la shown lu Fir. 2. On the tip. 
It contracts pretty 
to the narrowest 



flltnl waler 
nel actually 
*t renin side 

I* 



eler Is a.T."i ■nllllmctcrs. On the .l..wn-str.iini side flic 
i-x|sinsb.n takes place In fimr ..r live stCfaV ii.rresis.nd- 
iug I., the drills available. It hud 11 1 llr»t tsi-n lnt.-ii.bil 
to use 11 tttmsMih curve, bill preliminary trial* allowed 
that this was iHineecsaiiry. uud tin- ex|ailfedou by slops 
bus the adviililage of bringing la-fore Ihe ml ml the drag 
■tag RCttM of the Jets upon tin- thin layer, nf fluid l»- 
tween Ihctu and tin wnlls. Tkl three pressures con- 
cerned an* hidlculed on mauoutetfr luls-s as shown, and 
the two differences of level representing bead ami sue 
lion can la- taken oil with c*i!ii|ki-o*-* and referred lo a 
millimeter scale. In starting an observation the water 
Is drawn up in the discharge vessel, so far as may Is- 
renins!, with the aid of M air |uim|i 
at Ihe top of Ibe discharge v»-sx-l 11.11-ssnry 

piinss*e is not shown. 

As tlie h.-».1 falls during the flow of the water, the 
rail., of lu-ail I., suction Increases. For m*s.t of the ..Is 
serrations I CgotoaM myself nllh mi.rdlug the hea.l 
fnr whb-h tin- ratio of head to suction wus exactly 2: 1. 
as Indtratnl by proja-rtUinnl cianiaiases. Tillis oil Jan- 
uary 'j:trd. when ihe liini*-ratiire of Ihe water was " 
<\rt. fent.. the 2: 1 ratio <si-urr.il 011 four trials at 12". 
V-UK KS, 1211, laean I2T. intlllmelers h.-ad. Ttui temts-ra 
Inn- was then rttlml with iirecuntioii hi inuring In 
warm wilier with pilHsagi'S baekward and forwiinl. 
The 'si-urreticc of Ihe 2:1 rallo was now nim-li re- 
tariNiL the m.iiti head being only :t" mlllluu-iin. Rami 
Kpumlliut 10 11 mean (eniiafulure of .'17 (leg. tVnl. The 
rallo ..r head to sm-tlon is thus denemleiil a|aai I hi- bead 
or vcbs-lty. bin when lite velocity Is altered Ibe original 
rallo may I** nmrcml If at the sanx- time we make a 
>iiltnl.le altertilbm of viscosity. 

And ihe minimi alteration of viscosity is alsnil wlmi 
mlglil huie Isvn cvmi-red. From Ijindolt's tables 1 tlnd 
I bin for » de«. Cent, the vlseosily of water Is DAHMW, 
while for 37 d.-g. CenL It is aofrTM. The ratio of vis 
coalites Is. accordingly, 1.94.1 The ratio or hcmls Is 
I2T.:3S. Tlie ratio of r. fwiflr. la the sipiiire-nsM .rf 
Ibis, or l.Maj, In siinVleiilly giwd iigr.-cnw-nt with (he 
tut],, of vlscisiitles. 

In some oilier trial* the ratio of velocities c^v-rerfcf n 
little the rallo of rtstxadll.-a. It Is not pretended that 
the mifhod would Is- an aecuriite one for the compari 
s.sn nf viscidities. The chatutL' lu Ihe ratio of head 1u 
MKtiM Is rnlber slow, n nil the mi-asnrcmcut la u.1011 II, 
•simewhat prejudiced by imstenillra«« In the aocll.ni 
tnulMitnetcr. Possibly better resulta would be obtained 
lu more elaborate nhservatlona by several persons, the 
head and suction being recorded sc(*aratcly and rvfornil 
lo n time scalp, so ns 10 facilitate Interpnlalloii. llul 
as they stand, the resulls ™tnce fur my iain"~-. k1i»w- 
lllg directly 11ml cm-luxlvely the Influence r.f vlsc(«.lt.v 
as eonir-etiaailnit a change In the velocity, 

In conclusion. I must touch briefly upon a lairt of Ibe 
suhhi-t wliere theory' la all" at fault, and 1 will limit 
ni, self to the simplest case of all — the uniform shear- 
ing motion nf a vbw-ous flnlil between two parallel walls, 
one of which la at real, while tlie other mores tnngen 
lib uniform vel.-clty. It la easy to prove that a 
■bearing uiotl.m of the fluid xatLiflni Ihe dy- 
numlcnl nidations, but the question remains: Is tbU 
motion stahle? I Vies a mtia.II departure from the -lm 
pie motion tend of itself to die out? In the case where 
the viscosity is relatively gr.-iit. observation palggcst* nn 
amrtuatlve answer : nnd O. Reynolds, whose Ulueas and 
comi-nrnilvely early .tenth were an great a loss to sci- 
ence, wns able to deduce the same 
tbinry. Reynolds's method ha 
especially by I'mf. Orr of Dublin. The simple 1 
la thoroughly stable If the viscosity exceed a certain 
specified value relative to the Telocity of the moving 
plane and the distance between the planes: while If the 
viscosity li lews than this, it Is possible to proisxe a 
kind of departure from the original motion, which will 
increase for a time. It Is on this side of the question 
that tliere U a defldency. When the viscosity Is very 
small, observation appears lo show thut the simple mo- 
tion Is unstable, nnd we ought to be nlile to derive fills 
result from theory- But even If we omit vLsx-osJty n I to- 
gether , It does not npiicar possible to prove Instability 
a priori, nt leant so long as we reenrd the wnlls as 




we are unnble to give a antlsfsctory account of 
In order to overcome which ralltliuis of 
are expended In our ships. Kven In the 
there arc plenty of problems left I 
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Revolv ing-t) motor installation, showing blunt-end at front of fund- 
in.'-', which ia nut in keeping with the demand* of true stream -line 
design, and which make* inefficient the center portion of the propeller. 




100 h. p., 6-cyIiadcr Mercedes engine in Etrich monoplane. Fuaelagt' with it* great- 
est croMM-wcl ion about one fifth from the front end. conform Iiik very nearly with 
demand* of stream-line design, and giving greater efficiency to center of propeller. 



The Internal Combustion Motor in the Field of Aviation* 



Aviation Has Evolved Three General Types of Gasoline Motor 
By Howurd Huntington, Secretary, Aero Club of America; Chairman Dirigible Committee, Acting Chairman Technical Committee 



Till** pa[nT i* divided into four part*. Thr aneond, 
third, aiul fourth, may ho eharaeterixed by the worda: 
Paat, Vns* ut and Future, 

Tin- Ar*t I shall entitle: 

I— Prcladc and Early History 
tt< >ri or ParKR: hHKAHTU. 

Any p«prr denting with aviatUin must be lm*ad in it* 
*eo|*\ and the arfn motor will have to cover a lure*' field 
Iwlawl. fur the Held of aviiitioti i* a* lone aa the Kaat in 
frrim lit** West, and as bruud nn il is long. It haa bt'iarlit 
and depth. also; not nherely in the uetual, hut hgnmtivi K 
stroking aa well; for it open* to an a new and deep 
philosophy of the profier proportions of thing*, llie en- 
Imi .n i ntereoin mil n lent ion and i'Iocmt relations lar-twoen 
people*, tin- 1) k-i u.hI importance of country and national 
spirit in the fii'-e of the world point of view; the Hpint 
of world-wide |*we, and a new meaning In the Brother- 
hood of Man under Iho Fatherhood of find. 

arorK: limitations, 

Ami *o in presenting a paper of tlija nature, although 
confined to the motor in aviation. I must deal largely 
hi l'- ■nernlities, in order to limit mv self to forty minuter 
You muett not cxpts't nti to tell you, for la-tnie-v, what 
projection of cariam and mekel lias been found 1**1 in 
ul**4 ejlimli-r eiwstrui'tion, «>r what shape of cam ia ad- 
visable, for high-speed valve operation, hut 1 may very 
likely tell ymi that there in no critical proportion or sha pe 
at all. in 'li- ■- in* taint*, inasmuch a* thiTe should he 
no steel cylinder and n« wiw **? poppet valve*, in the 
makeup of a dependable aviation engine. 

unroii rowKii NKt'Krvt.vaT rou ri.it. ut. 

Huartng flight ami inanual flight are poaKibfo eventu- 
alities in tin* path of progr»««", and prices for the aetiml 

91 mpli*lntienl of Mueh Might liuve already tier-n offered 

in France Hut uvintiou, us an art, would not exist to- 
day, were it not for the development of the last twenty 
year*, in light-weight engine*. 

AVUTION'm tit: 117 YO 711 K UloUiiMIU, 

Aviation Is deeply indebted to the automobile; iuid it 
in to the motorcar, rather titan to the internal comlwstinij 
engine, that aviation owe* its present aiteccs*. Flight was 

• Paper rwJ Mt#v ih+ Kvm Havin im-rtimc .lmrr|r»n Mork>ty 
of Mvchanh^al Kna«iio-e«. May la*. I in I 




t'pright automohile-type motor inatallation, con* 
farming very well with the deniands of true 
at ream-line deaign. 




tinonc air-cooled motor nn the teatlng titand. 
Beautiful workmanship and halanrr evidenced by 
the concentric linra made by the cooling flangra 
of the cylinders revolving at 1.300 r. p. ra. 



not dependent on the gaaulin*- motor, for the Maxim 
^teani engine- una light emtugii to fultill the uwiMftary 
ntiuireiuenta for humnn tliglit. Thi* engine weighinj 
IMStt |.NMind? and delivered 383 h*aT— puw'W |gajg than 
■ r > pounds |**r horse- jaiwer. It wa» iimtalle*) in a life-eixe 
flying ntaehiiM' in Sir Minim Maxim's inullipLaiw. 

AihI it wiiM no fault nf thin U*ulifiillv ^rti»trtu tt^l [hiwit 
plant that thit) manlUM failed to fly . V iihmI of ua 
know, thin inurhine hod more hrud reatatanet- than lifting 
Mtirfa*'**, uml waa otlnTwiNe |MM>rlv designed. I The auto> 
mohuY, alfo rt^uiriuu light puwvr, Uhv the Imnh n of 
i l.i- rarly *lei>a in light-weight development, laith iu ex- 
panmon and explosion motors. And '.he autotuobih! n- 
lleved avtutt*iii of a great iindiTlakinc. when it deter- 
mined by long experiment aiul al great e»i-i. nhjeh of 
theae two typea of prime movers should be universally 
adopUid. TIm< Ktauley Steamer ia llx> only Anieriean 
• ' ' ■ ; ii 1 1 ear sold to-day. Light weight. gr*wt reliability, 
nnd Inny endurnnei*. eoupled nitb high |Hiwer and 
eeODomy in ttau eiinxumptioii of fuel. un> the demauiU 
for pirwer In tin* itHdorear. Ami tbeae are the <-lnef 
n*i|uUittTt for |aiwer in tin* «i-n»pl*iiea. Vet lighter 
neight. yet greuler de|a-ndabilily. vet hoiger endurxuiev. 
togetlM-r with higher jaiwer. autl greater fuel eennoniy— 
tlM'He are of the highest imp*irl in the destgning of |K»wef 
|4nntK for - rih*e in alt air-gniiig r-ruft. 
Tin. riiuvr Moron m rmn*ti. man' THHoi-t.n nir. aim. 

Now when the llrother* Wright, iu I Ml! and IWK2, 
wen* n a*ly to efpiip iMr glider with jwmer, they luriMnl 
to the automobile lndn-lrv lor an > n : > ■ ■ Hut n/ler 
inveattgwtion at several fiM-tnriea. Im itig nf eaulioitx frame 
of mind, ami rightfully exacting, these two AiiuTtean*. 
who knew- tln-y ha*l invented tin* i-onlrttllable aeroplane. 
iajMaaJ that they mnaM improve u|w>u the motors ofTervsl 
them; and aeenrdingly they act to work to hulld tlH'ir 
own engine* a- will ua (Mr plain's. TIm > dtvanletl tin* 
e«rliun t< r. ua the »eal.«-t a|ajaajaj| in (he gasoline engine, 
and institute! a system of fuel iiijtvttou. Hut ntherwiae 
it should bo noted, they fotlowixl ibe boat auloiiuibile 
|Hruet*e<! of Uiat time, uwl by a "t eiitting down 

the weight in every part raihir Llian by u |»r» irf 
eliiuinulioii of Un* |iarts thenvM-lvea, they pr*M.lun«d a 
suuidard fotir-e-ylliHler upright wuhr e,»ded automobile 






100 horae power. aU-c>linder 
H' n i, (thowlag narrow aspect to 
the line flight. *hirh makea for 
ramparatively alight head rc- 



New gyro "duplex" slide intake 
raJvc. 80 bvrae-power motor. The 
American contender far honora in 
the revolving air-cooled type. 



The 100 borne-power Cur- 
tis* motor, two of which are 
installed on the Waaa> 
maker -Curt in* transatlantic 
flying boat. Top view. 



CurtiMi *u>-hio horae-power mo- 
tor. Knd view, ahowing water* 
pump placed on main shaft, thua 
doing away with extra geara, 
cxtr« shaft, and extra hearing*. 
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l-l» h. p.. 8-cvllndel water-cooled 
Wolaeley arm motor. 



104 b. h. p. Mercedes aero rapnt. 
The leading Gcfiiu motor. 



The Kemp alr-eooled motor, showing auxil- 
iary exhausts. 



Thf 12) horse-power British Green 
engine. 



motor, weighing but 7 pound* to tho horse-power, which 
wan une hair Uui weight uf the best niotor* of tin sa> 
plosion type to bo found al Uio time. Tbe Brothers 
Wright ID their later motors have foUowcd tlila upright 
system, but bavo cuuio still closer to automobile practice, 
in adopting tho carbureter, which baa been brought by 
tho uiitomolMio industry tu a ouinparotively high state 
of porfuoliou. 

II Tccbalcsl Development In tho Part. 

Tit* rilCNCI! UKVXLorHEHT IM KKVOLVI.HU EXOINES. 

Although America produced tbo first flying machine, 
aad an Anierieau motor was tbo first to fly. wo must 
admit to our shamo tbut wo bavo loft tbo invention, 
which wo gave to the world, for others to develop. In 
tbo years la-twcen lUUSand 1 !* 1 2, FTunee produced mom 
in tho field of aviation I him any other country or, one 
might ax wHI say, lluut all olbor countrns combined. 
This was chiefly duo to tlnir great skill in niotor building. 
I say liuihbmr rather than ih signing, liecaiisn tho greatest 
Kn ii'-h motor — tho Giujnie — wan almost u replica of a 
poorly built but woll-di*igmsl American motor, the 
Adanis-Karwcll . and of tin- iH-nutifutly designed and well* 
built Manly junior, which would have been tho first u> 
lly in HKM, hut for a failure in the launching of the 
Lauglev im rislnniie nice days Is. fore the Wright Brothers' 
first Bight. 

This Gnome engine constructed by skilled French 
mechanics proved such a marvel i>f workmanship, that 
it soon carried insist of tbe aviation record* from America 
to Kruiveo. 

Tho first groat achievement by tho French, however, 
in the actual art of flying, was the crossing of tbo Channel 
in July, l'.sJtl. by Units Itloriot- This flight of about half 
an hour in the more wonderful ill tbo light of present 
knowledge, in the fact that it was accomplished by an 
air-cooled engine which, never before or since , has boon 
luul for mure than a few mintiba at a time. Tho Anxuni 
Lhrcc-ey Under, siiudc-throw-crunk. air-cooled engine de- 
serves honorable mention in tbe annals of aero-niolors, 
for this flight alone, as it has never been of great service 
to the cause <sf aviation- We may dismiss it as an ad- 
mirable attempt — for it was sell built — to cool an engine 
with nir withuut resorting to fun-e-draught or revotv ing 
cylinders. 

The real contribution which the French haw made to 
aviation, oven greater than their dovelopmciit of tbe 
monoplane, is tho revolving motor. The Gnome is a 
beautiful piece, of workmanship. In operation, it is au 
perfectly babuicvtl that one can count tho cooling flanges 
on tllo cylilulers. tbotlgb they are revotv big alsiut tbe 
stationary oraukshnft at 1 ,310 or l^fiKI revolutions per 
minute. In the different models seven, and oven nine, 
cylimlr.ru. am placed radially about a single crankcuse., 
which weighs approximately the same as would a crnnk- 
caac for two similar cylinders, set along on an ordinary 
crankshaft. This eibuiuatiou of a long eraukcase favors 
light-weight construction; and. of course, tho shortness 
of the cranksluift is anothi-r factor in this respect. Tlx; 
fact tliat the foroi of ...ml, nation inciicb cylinder is trans- 
mitusl to tlie same crank beanngH and even to tbo same 
crank pin, dusts nut imply in this case that those part* 
must Iw heavier to stand an extra strain; for tho strain 
is, in truth, apiiroeiably loss, as the firing order in tbo 
cylinders of the*** engines, having au odd number of 
cylinders, is I li .'» 7 !l 2^I-<M*-. and 1 again, making 
an oven torque, with iiinu impuU- to vvery two revolu- 
tions of Iho eyUnders. And in an ordinary crankshaft 
with four or six throws — and the encumbent hearings 
also to add *i ight the explosive force in sumo tsf the 
cylinders must bo transmitted against tbe load, not only 
Useful load, but load partially expended in tbo friction 
of the other louring*, ami in i-ompmuing the charge in 
tin other cylinders at the other end of tile crankshaft, 
through many crank arms and bends. And such crank- 
shaft must be heavy, as well as king, to stand the twisting 
strain. And so hen- again, the Ondtito or Manly syalem 
Is inherently light In weight, through design rather than 
through ' lilting duwn the factor of safety ill material*. 
The cylinders of these motors are of nickel sins', lioml 
out from tile solid bar. They are machined and ground 
insnle and out- This type of cylinder makes for light 
weight. Tbe (sailing by air really suonoeds in Ibis engine, 
and the ryliiHlers work at approximately as luw a tem- 
perature as tbo average wauir-coohxl engine. Tins ooot- 



ing system is an elimination and not a cutting down of 
weight, and it is a real factor in reliability to dispense 
with the water-works and plumbing uf tbo usual issuing 
method- There is no radiator to leak, no hose connection 
to vilwrato loose, no cylinder jacket to fill up with deposit 
or freeze, no pump to fall, no water to boil or ovajsirato 
away. And so for tbe reasons hero outlined, the Gnome 
is. by its design, a very light-weight motor, (if all tbo 
prominent engines which have won laurels in tbe field of 
aviation, the revolving motor is tbo lightest, weighing 
approximately .'t pounds per biirse-power in the smaller 
sixes, and 'JVi pounds per horse-power in tbe larger units. 

But let us look for a moment at tbe disad van logos 
iuberont In the revolving type. The charge for tbe 
cylinder* must enter through the shaft, the crank-rase, 
and the piston cud of tbe combustion chamber. This 
militates against a variation of the amount of gas ad- 
mitted, owing to mixing difficulties i'i the crankcase. with 




Cylinder castings of the Speedwell rotary-valve 
motor, sawed in cross section to show tbe water 
Jacket circulation, rotary-salve housings and the 
cylinder head formation giving an ideal spherical 
combustion chamber. 




Mall-Scott aviation motor on testing stand. 

tbe result that at unv «|»..| except the critical spent, 
the Gnome is very tivefllcletii on power per unit weight 
of gasoline. Kveii at the critical speed, it is not very 
efficient in this respect. On account of the valve action 
in Uw piston head, and because of the complexity or 
small 1 waring* at the eraiikpin and on the lower end of 
the muster euiiiu<eting-rod, it has Iss-n found advisalde 
to run this motor at a compamtively low coiii)*rcs>iou. 
This is also a factor against fuel cconumy. It is true, 
loo. that u starlit but appreciable waste take* place in 
the power required to revolve tin* seven-, nine-, fourteen-, 
ur twenty-ono cylinders, which are continually rushing 
Into new and relatively stationary air. tn some machines, 
whore a king fuselage is used, tile nose lias to lie much 
more blunt than called tor by the demands i if true stream- 
lino fortiutlion. in order to house this motor, which must 
lie placed broadside to the line of flight. This detriment 
of greater h eed-rosi stance over the narrow upright motor, 
is ut real Importance in some applications. Evoo the 



V-type motors display hut half as much surface for re- 
sistance. 

Now, as 1 have iniiulcd out Is-fore, ibis motor is a 
beautiful piece of workmanship. Tlwre is one qucstion- 
aMo element in it, however, which is not a matter of 
design but of luiislruotlou. The cylinders are stnO. Isired 
out of the solui hdh't, and while i key are of course light 
in weight, tin y are not free from a gradual warp, cutting 
down their lasting qualities, and they require for proper 
lubrication abnormal amounts of oQ, and the oil required 
is very eJtp enssTe pare castor oil. Another point of in- 
efficiency in tbe oVst'on is found in the automatic intake 
valves, which do not open as early hy suction as they 
should for the intake of a full cliarge. 

(Tho Hoel#l<! dee Moleiir* Gnome have just now 
brought nut a new model with some improvements, 
culled the Moiio-Soupnpc, or smirh-valve (luunie. but 
as that has not yet won any great laurels in the art. we 
must not admit it here to our brief discussion.) 

Several Anns have followed the lead of the Gnome into 
the revolving Bern**!, and the Rhone with mechanical In- 
take valves has won considerable distinction. Hut. tho 
rival difficulty with this type is the waste uf oil anil tlie 
inefficient use of gasoline. Practically all tlie attempts 
to follow the Gnome Into the revolving field, with the 
eaoeptlon of the American Gyro, have lveen of French 
origin; and. although Santos Dumont. who was the first 
in make a jump or fly at all in Franco, used a V-type 
Antoinette motor, it may definitely la- said that Prance's 
contribution In tbe field of aero-inolors has boeu the 
revolving radial type. 

Til I CIKIIMAX DXVKUH-lsKlvT IX PFKMK 

Arxriurmii.r-Ti rt xstuiMES. 
Tlie Germans, with Uieir customary independence and 
thoroughness, have held that aviation demanded in 
motive power just what tlie automobile demanded, only 
to a more in-rfeel degree. They wito. however, too con- 
servative to launch out, as did tin Kn in-li, into radical or 
radial ideas ! 

Tbe Auslro-Daiinler, though built just uutstdc of 
Germany, was used so extensively by tin- German avia. 
tors in 1012 that it must 1st mentioned in this eaUvgory. 
It was the first motor in Kiiropo to hold Its own against 
the GnAme. With six cylinders sot upright along a 
strongly built crankshaft, it follows motorcar imwtice 
very closely. The design not being Inherently light in 
weight, the cutting down of material* was resorted to, 
but apisxrenlly wiih no evil effects, except in one par- 
ticular. Sumo trouble was experienced with the copper 
water jackets leaking at tile joints, owing partly to 
vilsrutinn. 

Tlie Bonn, a very' efficient iiigiuo which develo|s-d 

HW-ltW )iorse-|»>wcr for *ov t*J hours on 0.58 ■ I of 

gasoline and oil per lusrse-power hour, in an official lest, 
is another example of this type. The Beta! ha* carriiil 
to the lllgbivt tkRM* dis trinc of dis|nnsillg with 
pil>ing and eonneetions, by arrangiiH.' for nuniy leads and 
ducts in the eastings. 

The most renowned of this German wohisfl of water- 
cooled aut»mobik--typc ingines is the Mcrooihs, Here 
we have a bcuutifullv deslgmsl and Is-nutifully cou- 
strartod eiurine. along mnventlonal line-, but skilfully 
cut down hi weight to a ilegns- where durability i* imt 
impaired. The cylinders, unlike the Gnome, rullow c*ta)>- 
lished practice, lieing cast in a hard gray iron, which 
lubricates readily and wears well. The length of tin .-oii- 
rii-cting-nHU is to tlie length of tin' stroke in the ratio of 
-I to I. which is a safe and satisfactory relation. Some 
engines, striving for light weight, cut this down to even 
II to I, but what they save in shorter eviunhr wall- and 
in the b-ngth of tlie nsds theniserrw, is countcnwUsI by 
the greater friction of the pi-ton die to I h- greater angle 
of thrust, and by the foot that tbe rod and pin* must lie 
[import innately heavier. 

This Mercedes engine, nitb rinlinlor and wntir eom- 
plete. weigh* ap|>roxtmaU4'y -Pi |snn>ds to the horse- 
power; which moans, ill a 101) bors.-iM.wi-r unit, nlsmi 
12ft pounds morn weight than in a < I inline giving the 
game power. The new six-cylinder Mercedes is very 
nunomleal of fuel, using hanly 1 i poiiml |»r horse-power 
hour. This motor has. in the |»asl year, laken inisst of 
the endurance and king distance rt.-onU away from 
France. It stand* to-day as tlie most efficient and must 
respected motor In Kurope. 
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T«r. inimnii iir.vKwtPMr.vr i* . i'«TinH v-tvi-k Himiu 
And now following Mortal nenjM. tlx* c]iann<4, we find 
af. w Hrillnh laitrinU. flying U-hind illtim <ir:i K(iul«»in 
"All HritUh ma.!." engine. Hut th.- majority put prido 
in tln-ir |«--ki U> »ml pa. up tin- reluotnnt tax or eight 
hundred iMiumln n-qiiirctl by tin. litioino p»iph> fur the 
old stand-by. 

The Itritinh engines, however, whiln liny have mil 
come inui great |.. Hilarity, am well built, and »w of 
ih.-m am admirably designed. 

Til,, most ilitorwtmg uVnipn among tbi-m i. the Anryh.. 
which i. built in a »ix-.-ylind..r vortical typo. Tho note- 
worthy feature- In thin vmciiw lion in llm fuel that Hum 
are no poppet valves or earns. Tbi' intake anil cxluutnt 
of the eiuH.il taken piano through ports opened anil nlonrtl 
hy a sliding slcc-ve, sunit-thiiuf after tho fanhiuti of tin. 
Knight system. Then- in only a single sleeve, however, 
which not only o|*rat«.« ui an up-and-down dimeti..n. 
I,ul with a twinlmc motion a» »«.H. Thin engine, weigli- 
iug aU»ut , r » pnundn to tho burst- power, and developing 
l.'Stl liome-|iowi r at l,2(X} revolutions per minute, uned. 
in a tent, only 0.4* pound erf (m l prr homo-power hour. 

lint the most beautifully ronslrartsii Britiitb engines 
an' tho Kuiltmam anil the Woundey. Tin** follow tho 
li-ail.rfCurtiH.uitlwV-1 
and wo mixbt lake tbene a» roproaciilativui of the hirh- 
«*1 development in British eiurirros. Tlirir (partiality 
toward thin type in evid.-ne.nl in tho fact that a Hriltsh 
tlnn of hiqfh repulo— the Aiintin Worhn— ha» arranged 
lor tlx- inanuractum .if Ciirtbn motors at their wurks iu 
F.iiglan.l. 

Tho Sunlmnm engine— of automobile rating fame in 
built in nine* up to twelve eyliiuUT* and 225 horne-powrr. 

As the eiumlnr of cylinder* and tho power iwrca*'. 
■ ivpni* *<-m Ut kuIii nut utily liKbtiii'u in wi'icbt |» r 
b«ir«*-|M>arr, lwit i-»*»ini>my in Furl I'linmiiipliuu. Tliu 
mimiUT l»'i , h«^-ylilld*'T rngiiw wi-t^lm oomplrU: imly 
<l.Vi> ihhiiuU. ami ui»« 4i«r)itb 'ban O A* iwund of 



lilt HKTKH.M.t.NM.lw A<*l ml MKMT 111- AUIHII'AX llimilul. 

And now with what unit.* hIiaII w* flit ft«Tn«« thn 
• MTtin to Aim-ru-a? W«> bupv thai Uu* first lliifbt over 
the iral'T* of tho North Allantir m-UI \m nmlrr Ibr 
Anwrican line, and viv hupi> tJiat our nwhini will Ik> 
l»ia< r<id with an Ainrrii an niotor. Til* Wriclil mulum 
we buvn alrnady nwnti..ni'd. It in iul.-r.nlin*; to note 
tluil in th* «ariy day- of thn art, in thi» w.unlry. tbr»r 
w. r.i many who h.-ld that lx«wi»o llw two-nypU) *in«irn< 
i-x|4.i>I<hI twin. a> many rlianrv-o pi'r n-volutlou of tbn 
nranknltaft, it nbnul.1 have twi««i tlu- fiow.-r, or prrha|M«. 
allowing for iiHNnD|ik<u- xavniurine. .M) per cont er.*Uir 
|wwlt than tlm fonr-oycln ty|M?. Tbun- wnrn Ui tbii two- 
<•> .■[.• m-h.Md, Ui« Klbridtrr 0 r Kimhwt^r, tbr. Kmrrson 
VirviniA. tho Kiut from Ktnliicky, and tho RoljorU from 
Ohio. Tlio writ.-r utill ban liopc that thn tao-«yrU' prin- 
ri|4c. whtnb in Lb-ally nimjil.'. nuiy mmv day Im w.vkrd 
out to *l.;li%'fr powi*r at loaM Mpial to tlio four-nyclu 
Bv»l.ni. 

The Manly motor, built in IWII, run for lic.urs in 
dynumonu UT Uula .limni; IDIfJ. an. I iin.tall.-d in tbn ill— 
fnt..l ljingby ■•A.-r.nboni.-" in l«M. in n-ally tbn llrnt 
pnu twal a.<o-ni..U.r ovir jir.xlii.Md. Afn-r more than 
U-n y. iirx <in.-<- tin- unfortiiniiln lauiiH.iiiit of thn Larml.-y 
a.T..plan.- on tlio IN.t.inw Itiv.T, tbu vant.- motor, with 
itk live r.'voKiiu; .-yliiifl.ru of .Viiw-b Imp.- an.l -Mv-in^h 
Mtr.iV. i, dnv.-lopiiu; liur?«^ii.i».-r. v»a^ l.niuirhl to llam- 
m..n.l>.|Min. and t)own thi» kpriiiK oinr Um waU-ni of 
K.-uka Lak.-. in tin- win.- •'!.! iiuu-hiiw, lone known in 
Coiiitn-Mi and llu- |m« aa •'Uinrt.y'- Folly." Mr. Ulnut 
H. t'lirttv. pilot. J tho maa-bim! in tbn hist«iri<. Iliirht. ami 
in «> .I..1111,' \ iii.lirtito.) Ui.. hrok«<n-bt-nrU-.l lAnirlny, hy 
rinivint; that tin ba.1 found 1U- *m-t of flight, and had 
titlilL tin- iir^t nnitor-drii.-n m-mpUiin .-apahln of carrying 
muu Uinoinh Hi. air. 

Tho <;>!>. 15 tin- only -.in*-.— fill rnlnliiii' mot.* wo liavo 
prolii'iil mii>->- tin- trial-, .if I la- Manly i rniiin- in 1WH. 
In do-icn It w.nil.l ^p|»-ar <o in- ahi-ml of thn utan.lanl 
tiiioim-. Itavllin n \»-ry inir»'Oi"U fc v »l % .--lift inn «!«<vi<v, anil 
variuux nlln-r r.-liin-ni.-n(.-.. Itut for ».»l.|.- n-in«.in it Iwu* 
not ait.iiu.-.l crmi.t )>opiiliin'> , nltli.iiieh it l-.iu. luid au 
Ain.-ri.-ati i inhiri.iK-.. r.^.r.1 to ir» i ri dil. Thn huihUm 
of thin motor, tin- tiyro M..l»r t'oiiiiHiny, of Wa*liiiij;l..ii. 
f). <'.. will t.rirur out nhnrtly n now *J h«r»-|>ow.>r nll«h- 
>ii.«l.-l. ..ml Irnri- j» i i.iy ,,r.- ^" ' that '.liin m-.tor 
will In- Woitcht t.. a mji-r.^iifpil i-.su.-. Thin n.w t.yn» 
wi U'Il* "J"J"i jntiind-., .-omi^ t, nilll piltlll*-. imilMI' to and 
hn-hoiti- ti r, an.) l< »-\1n iii.-l> niiiioh' in .l.-^iun, l«-.inli«? 
IIik old l.ni-lmlli.-i.l illtakr p>.pp.t ll.lv.- in tin. pintoo 
In.-id m r.-pla.-1'.l hy a nli'linir uilv. niit»i.h- tlw- r-vhndnr, 
wlii.-h not only -iinphli<-s tin- rn.- lu.unal |»rt. bill llik.-r- 
11 cr.at <l.-al of w.-iifhl fn.ni tin- pulnn. ThU in nn itom 
.rf liioitmnt. wln-u thi- a.-tuul wi i^lil in inultiph.-d by th.i 
oontrifairal prrn*iir.- n(»nxtarit 

Thn stiiru-iniit. liuUl in Itixton. in un oxiutiuh- of tho 
„iii.,no>l.i|.-l .•oiiitru--li..ii. Hill imliki- thn ti.niian 
nxpoiinntn of thin typo, tho Sf.irl.-.iinl luw rim into hich 
tlw ir ni ui r ini.di>l< aitainini: thoir rain.! poaor at 
I tHm t.. i.imtt roi.diiti.inn \« r uiinutn. 

The Maxiaioior. ornpaally au old L-bead 



tyjai onjrino, ha* h.-on n-niorlv4.nl into an nvorhoad-valvo 
onifin.-, vwy iiiui-h aftor tlm d.Mtrn of tlm U.-rnuin ll.iu. 
Tin- Komp in a nix-oyliinh-r itpriifht moior with air .-«m.1- 
inir. An thn roar .-yliiKhm aro htankol.nl from thn air hy 
IhuM- in fn.iit, tbi» i» ix.l a motor for hunt fliiiht, but it 
in linn'ly d.»<iini.«l, tnm-t.M.kinu and woiirlutii; almut t» 

IMMIIMLn |HT hurnn-|lc.w<T. 

Tin- Hall-S4-ot1, built in San Frannin.ni, in a nopy of thn 
t'urtinn, and wi ll twill It ban many nun llit'liui - thai 
in. lino night* f.ir thU oountry — to iln onnlit. 

Tho Curtim. built hy tho pion.n-r hydrn-a.-rnplano and 
flying boat builder. i» tin- enntonl motor wo liaio. It 
is tbn only Aim-ri.-an imitor wbioh in to-<lay Iw-inK nold 
t4> tho arm inn and navira of Kitnipo 

V-typn. and of oiKht oylindom, with a lmro and HUnko 
uf 4 Inobna by S in. hen. it doiolopn "4)-ltHi lion«-|H>wnr 
at l..lo0 to l,'AK\ rovntutioiM |ar niinuto. Tlwan oiijriiiun, 
hnilt tip in lot* of a down or no at a timo, an- turiw-d out 
at thn llarunioudnpoH factory at llwi raU- of about two 
a a-in-k. Tho prion of $2XX> .nirapami fav.iirably with 
any of tho r>oDnh or Gorman onifinon, oxnipt tho Bonx 
lt» hnrno-powir. whw h x-IU for about r2.«UU. 

Tbn Curtlnn enrini- under toad at \XM rovulutiona per 
minute <n>iuDmi-n only OJi'2 pound por luirao-jNiwor hour of 

oUlm a Wi-irht of 41, poiindn |n-r lior»-|>owor. And, too. 
it in prottahty one of thu most do|N-D.lablo moton in tho 
world In the lutndn of a doion amateur nportatnr-n la*t 
numniir and thin pant winter, lliene Curtiss power idaiiu. 
have ..an-ii-d thi-ir pilotn and panneiiirem an umfroirato uf 
l.'nKNnl luouoncer-miloji, without a «imr4o raKiialty. I 
wonder how thin romr-anm with the nn-onl of Aun-rlcan 
radroadn-a di4icat«. nibjoirt, iierhapn, Ui Ijo mentioned 
down Iwrri in New Kngland! It in twool thine ItH) hnmo- 
pow.-r in.it.irn with which Mr. rtodinao WaJiamaW 
is equipping lun Iranniitlallun- ll> 
hope* t.» m-nd nomas from Nowfo 
S|.ain. and Kngland thin eiimimr. 

tlno of thn advaotacon of tbn ' 
eotht cylinib.rn ean bo 1 
1. nelh of i-haftine 1 

■nohlk-lypo eiigliio. While the shaft In not an short, nor 
tbr nearinirn an few, an in the cane of tho nnn-thmw orank 
in the radial »-n|pinn«, thin ny nt.-m avoid* th». difuutvaiitiMfoa 
of tbn rotating air-cooled engiuen in the mutter of ex- 
travacant gan.dino and oil nnnmimption. 

It U inuirrnling to nolo that it wan a V-typo nngino 
with wliinh Mr. <'<irtin» won tin. Oorthrti-Ri-iuiett luter- 
naliunal flip In 1W». 111 Krumn ■; and that bo in mill 
holding to the name general den ion. 

So niueb for the punt development up to tin present 
tlmo. 



iiur rauehlne, wlueh ho 
ndland t<. the .\7/.n*. 

in the fart that 

iiprichl aiito- 



thk Krru-T or MKn i>i»t«M'n n.riNu, 
An aviauVm advalieett nlop hy nt.-p. llu- reo 
lirokon with nnt«minhui|r fmqueney. W1U1 the art hut 
little morn than ton yearn old, we are. almatdy oontom- 
jdaUDg traunoon«nie and oir.'Uintorrentrial imvigatiou 
through tbn broad highway wlueh louiln to every whom 



Unul reen-nUy. any lin.U.r whi.-h a*, light miougb |n-r 
horn»jMiwi-r to lift itaolf ami itn luail, found a nnwly 
market, for to fly wan wimd.-rful. And many, indmnl, 
w-elr. tbn uot'idoliU duo to nltimbiHt anM-mhly of niroh 
vital .4i-nM-ntJi an thn ignition nynt.-m. Hut now. with 
gmatnr akill iM-quinnl in thn liandhng of ain-rnft, wi- waul 
great n|«nHl. Thin iinlm-en 11 l.lld.nn.v »lli.-ll ban lan-ti 
pronont nimn- tho lirnt llight of tin- Wright ltr.itb.-m on 
Dooeinher 17th, ItKCt, when l'J hornt^'Miaer provcil nuftl- 

ci*-nt. riaoh <J..r.l.ui-Hniin.-tl t'up Itan», hto. Inn-n wuu 
with hirrher-powvn-d eugimn than tin- raee of the year 
preeoding. l^nt nuninicr, in r>ulM«. thin aerial olaasie 
wiia won with a twenty-one cylinder atltl him<o-|iower 
tlnAme. driviiu; tlm winuer aroiiml tho five kilouH-tn-r 
eoiirm- at that rate of Via inllen pi r bour. for one bour. 

Wbih' I b>- .h-nir.. for gn-atrr n|n«nl in ox.rting an iu- 
Ihiein-.- for i:r. .-it. t uinl irr.at. r |".».-r, llm iin.»t indent 

rear-.n for tarv.'r |M.u.-r at til. prvnetil tlhui In found ill 
the .leniajul for gnator lift and largi-r macliini-n. In 
Kuro.n-, tliey an- tui longor satinrled with ta-*n.plaoo and 
four-|4a.n- ,-raft: Knjrland in biiildine "iHinn.*" fur nix and 
ton pax-H-ugi-m. acid tb-rmauy mid Kranw nead up nlmUar 
numK-rn in "Aerial Trannportn." an.l Kunnia through tho 
Ji.llninil.l-- ivmhn il> -if ; tnnur Sikomky, him lak.-ti an even 
gnuler hnnl over on, who taught Kuro|n- how to fly. 
Thin KMpintie Sikomky hipluiu- n-.-»iilly lllan^uvl•^^d over 
t-ho nity of St. reUTfbunr with nevnnt.n-n pannengern on 
Inianl. earriol iu wk-kor ehaim in a roomy eahin with 
windown. nliad.-n. and ourtalin.. If you pleano! Thin 
niaeliiii.' in pmin-tl.-nl with 4tlD home-|iowor. And now 
I li 1.1 nam. yoiiutr pinnrnr is building a l^planc. to aceorn- 
ni.Hlato thirty iitmple and travel at a npt-ed of 1(JU milen 
p* r hour with l.oJItl lu.mo-|wiwi.r. 

An with tin. railr.m.1 hn-onvntiv.. and the -leanmhip, »o 
with tin. m-ruplaiin. Tin- .ry lian nur Un-n: greiit.T 
rmliun of notion, grrnter »|»n-d, and npe.nl variation, and 
•rrying oa|w.ity; in other wordn, niorp po*«r. 

thk ixrnr.iHi; IK nr.n NDAmiJTT. 
with Uu» domaod conin unotbsr cry. fully *a 



lni|M-rativn and innintent. TIh- Wanniiiaker-t'urtiiui 
trannutlajitio tly.r numt mtid .ait tin. S. t). S. eidl for 

help l«»ek lo oil iliy.ltioll, if the t»o Illli llom.-ln.vlor 

t 'urtisn onginen fall lo run the .n.iim.-. V. i ery oum-eiialdn 
uiinhiip in nnlh. i|k»t.il in (ho .l.nign ami .-..mlrm In.n ,4 
lla-»* .-l«,an.-n. And in.l...l ..lie .*T the gT.nr.^t U'H.t.>ni-l«w 
of the your l'JIt In the doiihllug il|. of di-li.-nU- jmrln. 

Wo find intake and .-xhaunt valven eoiiiing out in dupll- 
eato, Mllgll.-liM are alno double on noveral In-w .hmignn. 
tjnqiter raro in insenl iu liuuitifacluririg m.tb.Mln. Tho 
oylindor jaokotn un wold.nl on to tin- eytindor nhn by 
mom exi».n«ivn an.l ln-tt.-r pr.n-.-«..-s. The Inaringn whieb 
nr.- nueh a vital elein.nl Iu the long life of any pi.-v of 
machinery are inueh h.avi.-r and <nT In-lter niat.'ria) 
W ATV.K vn. lilt .'...■(. imi. 

In the matter of rnniling, tluTo lian lan-n ruiioh diviniott 
itt opinuin. The leiwliug ivenmauti.. .n.untru-n of c;.-r- 
niany an.l Fran.-, nr. . again, iu thi* niatu-r. un Um op- 

p.mllo nwlen of llu- fene.-. Thn Kn-nnll moton liavn Inn II 

numtly nir-oiM.hnl. The Knnault-IMI.-ri.- and tin- An/aui 
liav.. n.'i.-r aee.inipliHh.nl very nun-b. In.-aun.. tbey at- 
totnptinl to .njul radial tnit ntatiunury oylind.rs aith 
merely thn flow <rf air pintt the niai-liiiie. Tin. Houault, 
a V-typn omrin. whk-h we have not had time to . 
wirmnnl, in .nn.liiw iln.4f by moan* of a f«l. A I 
fail at one .ml of the eraukean.- Mown a f.unnnl draft 
through a *y-t*.ni of aluminium .-luiuu*'ln anil d.-mn-torn 
to curb *->llluh-T. Itut I nay it ntnnnn-dn iu mndiiig, |l 
also nuoiH.n.-dn in adding «nnnpl 
and w.-ight, t.. a <l«n.T.n- wl.i.-li I 
eflh-innt 

Tbi- (Inwinn and Kbono rotating niotom. .nwl aell and 
am. inhrmnlly light in w.iighi: but at the expense of i-ffl- 
oi.-liey in ulhef aayn aln.ie den.!rilnnl. 

The Germans, again following the had of the aut.n» 
mobilo engitir.-r. halo ll.-l.l fant to tliat aht.-h in oinnl, 
aJi.1, with wat.-r-.-.n.l.-.l origin.*, liav. nue.-Mil.<| in lakiug 
rroooln away from France, until to-day tonriiiauy nland* 
fimt in aortal dovilopimnl. 

ll would a|ipear tbal tho aomiilano wnuld find liiuri. 
air alxmt it to oool itn oiioine than would tin- mnlorrar. 
Hut thorn in really very little .liffen-in e ; why, in fuet, 
llWHjreti.-ally, there in more air .loan on tin- ground than 
llioro is alwve! The ai-ro engim- i> trnie|ir.g fuller mto 
tho now col air than in the autotiml.iU- engine, but it, in 
alno working at a high.r iiumb.T of n-volution- |n.r niiti- 
uto, and under or.-ul.-r and in..m e,un,unt loud. And i»>. 
I would nay tlu.t in lbi> lni|Kirt:.iir |>Im-« ,nT the it. «ign 
<.f iuT.nmnt.>m, tin i|ii.-.lion in i./> >ii.nlar to. the nanin 
probU-tu in iiutoiiiobil.' .-iigiinn ring, and will renilt in tin- 
nanw! din-tniou. There nr.- but two autoinol.il.- .nrinpuni.it 
of any nixo l.-ft iu thin .niuntry with an output .if air- 



Tin; u.MrioN. 
In tlio fi.4d of ignition tlwro ntminn no roawm to bo 
dinsatintt.nl with the pmx tit tniuni.-lo. The unly notkn^ 

able Ulldelley ill thin mutter m-lnn lo In! ah.ng the linm. 
of douhliiii; up. with two enmjd.-te and n.iparat.: ny nlccua. 
Sotnn am lul.iptiug the niiniillnii.n.iti n|»rk in two plugn 
winnl in m-r.ei. to gel a mum rapid l.urrum,' irf tin- elmrg. . 
This liad bin* found in bdxiralory ii-ntn to im-nvvne Ibc 
pow.T of a given eiiind.r .-ntw-ity by i or 4 per eont. 
. lUhi'iti t-ios. 
In earbun--tion. we liavn UJ..-11 what tin uiil.miohile 
hit* given u» jin.l liav.- found it «iilli.-H-tit unto tin .luy. 
Hut with llm pri.-t- uinl quuhl.v of mw.lin. grinlually 
in tin- iiiversi- ratio, we (Intl 11 t.-mh n.-y Ui ex- 
with eurbur.-t.Tn atUpt.nl to the Une or keroncile 

un.l other fuel* Mr, ('urtina hn» Un-n ox]aTini. nting 
wilb nollif nu.n-enn iu lliin dinn-lkin. 

IV — The (.aal. and a book la tho Future. 

*TtM>lHl»l*.\TIOS- IMIVIT.llll.i:. 

At pnaetit, in tho varioun tm.Meii.n .-..ufroiiiiiig un. wt- 
aro in that pnnitkin whim it olt.-n ap|nar» tltal tlio lilu- 
.if Un»t mniMaiKn-, and ilt.-r.foro of nnwl rapid progmnit. 
li. n on the ntlur nidi of the way. Hut a* w.- ntrvtvli out 
our inuigiaatioru and limk down tin- loiuc highway of 
pri<n-sn, we llnd thi.t tin l^tbn on each nide of the way 
oonvt-rge. ttnil tln-m llpfH-arn to In- len* dilTenil'i' ln-twnnll 
them the farther down we hn.k Thin may In- duo to 
penipoctiv.., hut it i* nnvi-rtholivn nyiulnjit! of tin. proonan 
of ftamlnrdojitinii, All braneli.-n of industry, an tin- out- 
put moi-innon, ntandanlixo that .aitpnt. The aoro|4alU! 
motor in.lin.trv will pmn- m, ev-eptiim t., tin, rub.. It 
will do tbi* iu iiiamifaotiiring im-thodn, and in ty|m ami 
ann-t^HMiriin.. but not to tho saint- d.-gT.n- of detail an in 
the oust- of tho autoiu.ihilt. motor: f..r th. lati.-r in <n.u- 
tltunl in size, and ojK-raliuu to the <lvnian.li of roadway*, 
litnitillg nam an.l sta-ed. 

n-r.L tciiwat vn, Lion r-wi h.iit nrnl.iN 
1*1. ..owrnvnus. 

With the great nlrithn of the tii«t din-nde, and tho 
nurvly uf yet gmut.-r ntrid. n in tin- .hn-ad.. ahta.1 of u», 
we must reali/n' oin. puniuiount .n-rlainty: the tin.- of air- 
craft for rapid Irannit front north to notirh, and Inn 
ehum to share. Kx.n.pt for nliarl-dinlaixo tli ing in run- 
about machine, thin «|*IU the doom of Kn uth rolaUng 
motor. F.vou in Um new M«no-Soupa|» Gnome, which 
haa as yet t» proro itnlf in duration flying, tdkieory U 
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claims | rhir-lly iii t\us matter of lubrication, and it In 



attain to the Ktumline <^*nmy of the *ia*i<innry engine. 
Tin- nwuiu that Itit- advuuUtK" of lighl-wrtKht in the 
engine holds only tor short-distance lly iug. Tin* weight 
of ihn fiN-l, which mu*l 1- .-iirri.-d fur Lottf/ flight*, with 
tin- tJiioun* or Khdne nut<or-, iji*-i*n* a weight emtbT 
tlian that <if thr furl for llir stationary »■> -Under*, and lite 
added weight «u til- »-tntion*ry motor iWlf. 

Ami mo we find that for any Iliglit of nvw four hour*' 

duration, the heavier lype ill tn{p>if ntaki* the light««t 
;nivvf fil'tHf. To crown tin- ocean with • 'Jim horw^power 

GllolUe |H>W»T-]»iullt„ llK' Uwhll.r irt fnfe would Wfigh 

hUkiI I.IMI pounds mure than with a 2WJ htfur-tNtwif 
C'urifr*- V-typr power idant. 

In ll xl ten year* lb*. t\vM |opm*-i*i iititNi follow 

along the linen of fuel t«-otionty and n liahdilv . Tl*e 
requisite* fur power in thr aeroplane will 1m- tin 1 same a* 
outlines! uiirlr r my mi I .-heading. "Aviation'* Debt to tbn 
Airi.i (M ..U|M Hut "light weight" vi ill \tv apHUsI to the 
whole jjower plant, including tanks ami fuel, awl nut su 
miteh to tlu- mgim. it*eir. In other words, the order 
will greater «lt*|M*Mdul»ilit>'. l«»n«evr endurance, grwitor 
fuel wijwuny. coupled with high power awl light Weight. 

TlIK TllllKE iiKNKUAI. TtPK!* t:OMr AllKD. 

We have dM-uwrd three- gi ti»Tal t\|x<*, One very 
naturally inquirer* which of thette is to lie the ullinvale 
equipment for the luroplanc. The w-rihr helirvm that 
txM-li Ii:ih a ilUliurt (lil.l .4 il* own, una liiti prr*mn1 
opinions at* to the relative tn-nt*. and llu- resistive 
fields ol srrvi.r, (if lh. time general types, may I*- staled 
in l»rif f ax follow*: 

In lli«« find |ilai i\ tin- uprik'M aiituim.l-iN-cypi- t ntrinc. 
whi^h Ims nttaiiuil Kiicti nirnal «aifx>w in fU nuaiiy, will 
always Ihn! a niarL* t, in rawji up to X'Ai or 310 litmus 
j..».r, i.iiiiplit ii> inakiK fi»r *l* |w n.!iihility: am] in 
aprlii alMMK wtiiYv no fww lw Im-mkn lU Ih^*- uf pawaice 
in tlu k air, it will Im- a fu\<»rit4 tin ac^onut of its narrow 
a*l*iM i aiMl hTiuill Imiw! ti *i»«<aii«i. 

Thr n-volvktur air-i^tttlnl ty|K-, wi Hini*i'»*»fnl ilk Kraii^', 
will Hml a ri'ii«ly market in acTuplaui'M of Iht- runaUmt 
rliuui, wbw liirlit wriirht <»f w of ftn»t intpitflajin', 

whHi w u^oially tin- ran- whi r.- ttlivrt nulitw <»f wtion is 



- ThD V-ty|«t t'litfnnr will havo llu- fitlil in thr larpir 
imwhitus, alwrc trrrati^ rarliun of Jic-tum in nt|uirr<], htw 
f^autw tltv r<>s«>lviiti;-ty)H> mi'tur iM«»<wilati* llu* rarryingf 
of a cxiniftanitixrly KTi'iili-r wfiirltl of fiu-l |ht Imi niili-, 
anil ihn upright anloiimbiU-.typi' 4-rafini* will iw»t lie IkiiII 
in lare«> «h.hi*;Ii nnif... If tin.* iijmirlit nu»tnr i* to be 
ImuIi in nra* unward tif 1M) ur Alt I horw-|w.wc-r, the 
iKirt* and *1roki' incut imhiIx Im* turp-r ttian ha* bwu 
found I'Tiwtii'iihli , tmlt^ an inrn-a*i' in thr nnmlxr of 
»->Hndt n* \» rKMirlf*) ti«, bIma^ tm.' nmnlirr i>iiKlonian.' in 
thin U|K'. K»it h\x cylinder* linw htvii fuutid Uj U> tfat> 
(rn-al^-s-l fra-*ihlr niiinticr wliirh rnay lie plantl in a singtr 
ntw aJiwr urn- *rank4ia/t. And a* furl «y*onnmy in *n- 
harH i-d »t«.vr tli#. 1«> hMrsr-|K.*tr hi/.- I.y an iiirnww 
in llw* ntiml^T uf rylinclcm, rathi-r titan hy an iwrta*- 
in thn hun- aiwl stn»kr, ami as thr V-typr di»|NiAitiun 
of rvliniliTxailmiU of l* in- llu- iimiuiI numU r of ry Iui-Uth 
4»n ap|>ri)L\inialHy llw wiim- lrnirlh and wt-iirkt i>f -dtaft- 
iniC, and with mi rvil n*ull* in Ilt<- arar uiid tnu* **S lirar- 
iiiRit. D^r V-K[H- iiuiiikr may Ih U«.k.d to fi-r ws'uf in 
all lar-. iiim Ioik-*, and In all otmr 
flvia*. A 



hi thla typo fur tha Urevr inaoldiw** is lh# fact tlutt Ui« 

ivvoUimj |y|ai. And in land' marliinr* d«irm<l fur 
loii« *'r\i!«-ri>iintr>' work, tlio V-Iv|m- will iwdially 
lighter p4T hur^i^fiuwcr, fucJ taken Into u^'onut, than tli«< 
n voltinff |kiw<t plant. Korany Uijfht of ovrr fiwir hours' 
duration, thr Ii.*vmt V-l>|^ w«t*>r-*-<iti|«l rH$t»t will 
iuakf* tw* Iiicht«*>l fwnvr piu>\l. 

And M >wr> **r thai 1hr*o thrrr l.v|an. in tbrtrn-^tiv^ 
IU Uh, will und«iu»>t«illy prpaKt, w\% whh an nv*-r inrniu. 
ioir ni(«nurr uf sujnt<vM. 

(>f oonna* a enat id*al, alwayti hrfort* uh, is tb*f winOrHM 
trannmitrtionof t-l«i>irM*al ftowrr t<»an ri^-tra; [n>wrr plant. 
Tbr 1-lrrtrio iibotor In ao tiim|ik> tiiat it in <>a»Mly nuido 
dft|M>mlahlci. Hut tlui rlortric timUir, with Uh amuiturv 
ami Ik-Id. 1m»v>- inhwiitly in it^f; and this i* all loo 
\aciM- a iiwtt-r to dUn**! a)iik> wr art. vrt awaUr! 

In tlf kti-vHii-- I'xtil we lia\u atiotlutr idinl, »U--li, 
tlinitirh not t|uiu* hi tuurh of a dniatn. in utill only on 
|«ImtT- This i>t tlu< rotary inotur. Diatiiu-t mhi inuxt 
alwaVH Iw lna<ti<, «f ^mir*n», ta*lwt«i|i tlio *u-**itlr4 rotary 
nioUirs of Uwt tinAiUL* typr. wlm-li I liavr lalUnJ rotalibir, 
or wvolvinir, motor*, and Urn trut n.Ury eniciiw. in dU- 
tim'tiun fr«»in Uim tvH|«walina f lyinw. I n-»ri>r*l an 
invitation only a day or two a£o to look o\>«r tlu- d««i»fiw 
of a (raxolimi tiirliinr. of the wizard tn\rtitor Niidiola 
Tt^la- lit' rlainu that hrt can Iwild a motor of th» ty|M> 
lu wcIkIi :«Jt> |n>iiihIh and develop IHN) horww| H iw*t one 
half |H>und to the luir*o-|^»wt>r! l>r|«ioW»il»t> Irt voiwhrd 
f.ir on |Im immiHl that Ihrm t* only «m- movin<r nn-mU-r 
and thr.-*- ln«riiitf« h» Inhrwitr. Hut, in tbo lijthl uf 
pmu'iit knowh-d|?«' t thr imwt | 
mcnt. ap|K«r« to Uv in the 
foiirwyflr V-t> pr nH>toT. 
NfcW TLfcLW No*r NH KJ^ARV l?t TlIK Nr. XT TBN YK\K?l. 

Now and rlu*in<r fucLi will be rx|M'rinirnUxl with, hut 
for t1i*« ii»*xt d^a»h (ni*obnr will l.o pU.mirul ciwnieti to 
makr it rvally uumr^Kary to find ttomuthiii? KtU-r. 

Porl'tT VALVKtt WILL (ilVL W At TO M.IDK Utt H(*T AUY 
VAI-VKK. 

TIm- riNwt »!it* piu.tiii(f t-luuiftv thut i» Hk«*|y f<» takr plarv 
in thi' dtitiKti of tin- nH-ipn*raUnir motor, lira in tbt* pnnli- 
aU" rliininatiun of the poppet valvr. Thiiw valviH re- 



rven out uf eurv hundr^.1 horm-iwwrr must lie 
pendrd in oriraiiur thrm a^aiiut ma\y tciwwm 
Thf hi*i at tint r.vhuu*t valvtK warjM and pit>4 tht U^t 
luniextoii *U* \ valvr, and tlion* ap^*J* a li^kacfrof *Niin- 
prt«><iun Iftawn it iiimI tlw vaho wal. \V*<ar i« a lanr?r« 
item in I be |Mippt*t Valve desJjrn, and the ctun% with the* 
pouiMiinjc ]msh rudK arc in fns|urnl m«l *rf adjuHtflHlit, 
and alwsj'M niako ft Urn« amount of noi>*t- Time valvu 
Irouhlm arc of much ifrraUiT moment in thr acntplann 
motor tlian in tlir automuhUr, for thn former u w^irkini; 
at a httfhrr nunilM-r nf mvolutintu pvr minute and undtr 
a greater and ntorv rutiHtant luad. 

Ami so, as In liic rawi of tlic automohilr. the demand" 
or kmis wrarintr qiialitio*. and of nuYnt o|ierntk>u, will 
hrimr nU«ut llw irradual diniinati«»n of tin. |M»ppe< valvo 
In thin th^eloiHiH-ut, liuwevtT, thr aero-motor will m>t 
follow tlio load of thr aut4>mi>hih). hut tlio two will go 
hand in hand, for thr tuitom<d>il« in only in tliv lint kUim 
of thU pnxriw itw-lf. It would really apprar that tm- 
aero-iibolor hi«l now prartirally emifht up with thr a u to- 



il may p^-t a slftrlil hold in aviatHm. But It i» thr virw 
of the wriirr that W»tv it triumph* over thr p..p|*.L- 
valvr eiiirim-, aiadlirr »yxl. in will overtake Udh of lima. 
There in a tfrat promise in tlw r»»lary-valvr entnnr, if 
Ihr intake and the exhaust an- Hepurute \ulvrx. Tli»> 
Mead foiir-eyeli- eiit^iw-, if |iro|wrly huilt, will effio-l a 
n-al advuui-i'. Thr wril*r b> at thr pr»**ehl tiinr ir.viiiR 
Ut iprt thr uwiMT* uf tin- pnU-iit to build thi* enjfini* a>. il 
»1iouU1 U) built for aviation puqaMHU. It Ium juiit mrnr 
Ufti iwl.tpt.il by one mitiMiiobilr eoni]wn> of hiieli repute, 
ait tin- |M»wrr ]ilaiil for all tjieir jHriwin* earn. This motor 
will he wniplo and of few |Nirt &, It will lhrrrfur»' \m 
<U \h nd.-vhU< Miid ihirul.l. . ll will br a trine Itchier in 
wt itrlit iiilw reiitly than the |>iHM t-\alvi< eiu^m'. It will 
Ik.' -aln-ady is. in the uuioinobile a lilUr mure ••eo- 
nnmiral or l M .th £a*oli»r and oil than eithrr th. |Nip|K l- 
vahe or Ihr hlidirur^lri u- motor. 

Ttits riH>t4kr. built in 15(0 1 borM*-|MiWi.T aiwl KKI he,r»>- 
|*o»er nnit« -eiarli t ry Under and (wrlvr rylimlrr V-t\|>r. 
rrjipietivijy with wattT*4'o«k]iii|; and dind ami double 
kiriiilioii, and with lari^' and e-iiNV curve* in tho 

immifold system, wdl n:ake a must tturrriutful rom- 
Mt-n. 



CArtTlf ANI> ML 
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iindHl.t drv. lopm..nt in inb rnid rombuHtimi < 

Thr Knirht Mw* HUwe mot,* l< slowly but M4 W lily 
iniiniiiR a brtt.T fooiMd in lh*t aulon.obilr iml.tt.try, ami 



In rlowinpr. 1 wish to h-av<- imm- final mrxMu^r with you. 
Itit my wiriii^t hHarf tltat aviation will never Iwwtitafr a 
mi-ans of rrtwi»-ciHiiar>- and uvrr-m* IraiwiHirtatiim ac it 
ithould Iw until wr diwan) thr idra of hanpnK otir live* 
Hp there, in the luilaure as. it v/rrv. wilh nm< nie^'hanieai 
dnvim an our mm* de|*inb*nrc> from prrinalun* di*wrnt. 
or rather, froiu premat ure aliKhlinK- No nwdor, no 
inait.'r how umplr in <huci|rn, or how fx-rfwt in mrn- 
•tmctMrti, ean ln.< prr c*nt reliable. With two motor* 
in thn aeroplane, either one uf thetn eatable of rarryinif 
tht^ maehine with 11m- other as dead weight, thi* *al*ly 
in much more than doubhsl. Thr rlianro in a very Miudl 
one that both of tb<w motors *III Iwrak down nt the 
iiaiiin moment, or that in meh a nur event it filkould }*! 
iui|Hffo<iMr to niid u wfi< landirux. When nnt> motor Hlo|m, 
the earrful pilot will sU*er his utiip and paa**'Jt*,'MT( to the 
nearest lundnw: in ntfht. or have his enirincrj- imnwsltately 
reiiair tlw dixahlod itn>tor. Maehine* <tf tb»; air-f:uiujr 
variety will in the future irarry two, throe, ur four — a 
multiplicity of power uniU. Kushui as already working 
alone tli<w line*. Tim Sikartky nuu-hino. wltirli earrii^i 
*eveiit«t'ii p«s>p!r. eairird four UN) horM'-|>oWrr water- 
cttoUst nuit«irv, and in lliifht. two of thew euctne* wero 
sV>pm«l wilhout ran i-i ait a dr*eenl. And ntipurt tuiw haw 
it that this young eonslruetor is i<|uip]Mnir Hin :«l-patv- 
eralt with four power jriauu* of 4U0 horBe-|*iwer 



COKCLrUOM, 

May I venture a proplwjcy? Tlw aulomohi 
wa* lb*t an industry in Kurope, hut to-day Dearly ninn 
lenthji or the motor oar industry in in this eoantry, and 
it In hero Uiat tlw money in inv«*1eej. J*l us make c«t- 
tain in Uus matter that "History repeat* itaebV A* tbi> 
aJitomolrtle and the motor boal, wo the aeroidaiw. Iktforr. 
thin dow dpe*d^ U hiHlory, thr Aniervun motor *ill lead 
the world; an<l with itn -^I'-rx^. llu- hn<l in the iWiu/ry 
of aviation, llw Irwl in rrsenn-h ui the Arttuccttf ariatiiui, 
tbr Inul in an-bhivemenl in th»- <ut of aviation, will all 
stand to the rredil of American Kciiius whirh (jave this 
invention to KiirufH* and the world; and the launls in 
tbr sp..W of j»vmtH.ii will U- br>Hi|rl.t haek lo thr United 



Somt Conditions Inducing Excessive 




It haa Imvh r"»nl*sl out by aevrral invefltimfnrx 1 that 
voluntary fnmyl bnatlnmr hi man may ^ive rise to un- 
pleasant and even alannituc svmptoms. The ou triune 
apparently depends on a nmnbir irf nunljr>iiw f^ lors. 
H* a rule, tu a M|*»rt tiinr aMer the- form I brt«lhiju; the 
Hiibjis't uihersloi^ brtwiltiiiK altoirrthrr if his respiration 
u allowed to ael involuntarily or be bnuitbes in a vitv 
uluillow and itit -ftVetive manm r. Numlintiw and tinidiiuj 
In the* handrt and fe* I are n iwwted lo oeetir; aiwl if the 
ftuvnt lireathinp ha-* In -en *if eonsith-rahlti duration — two 
or three nuini i* ^ or lotirvr many fnibjri tji rxperirnre an 
way pen want i»h«h the r<iiliM«|ii«-ul ajm<n W't^» in. The 
Hps may turn blur; t'lirytie-Stokrs bn«tbinir may be 
iiiitiabd, and Henih r^in ha* railed attention furrhor lo 
Iheorrum ner uf "livht-h. adrdmNH," p-ilyurla, ^livvertiuc. 
mnseulor wiwkttrss and ntlur fiiii"tM»iial distnrlianees in- 
ihti^d by prolonged forerd bnathin?- lb maintains that 
the sytHptnrn- eVoh.«tL an' ^molar to tho^' of hlwvr-k. and 
Kitr?;e*t* tlint dtath fnun fa lure of re-piration would 
probably nsull from vitcon*iis voluntary hyperpnra for 
nrt4n*a ur tarniv rniiuib^. 

There are various ways in whiHie.w-sne rt*>ptrat inn— 
hvprrpmn ran 1» induced in niau aside fn>m the purely 

' H*Mnnr mi»i PeolO.it J.tti. / ,V»ii.J., I'JDM iiivli. XML 
Ib-IMlrrMWV V»wi. |t f \n J- M r /WWI . I»K* ICI, \xt, M\>: 
R*-*p4r»tory Kijitrttnfiits en M»n. The «/t<urn«J .tmmmn 



vodiolarv manner that ha* just lievn ri f i^red to. I'ain 
la out. uf tbr natural stimuli eulliiu; forth hyp*Tpnra. 
Ameer, sorrow, fear and etber-ewitenient may i minor a 
similar result. All uf these pbrnonirna nuiy 1m- attended 
or fullowid by what w «imetini«-* of as shoek. 

II. iol. n-.Mi, iu i« wi ll ktHoxri. ha^ ancm-d that the r..D- 
dllion nf nlw». k vv liieh hkuIIs in man Trout extrriiut 
phy siral sufToriiu,* K lo a tarxr> eititnt, eaused by IIh> 
re<hi' tH«i of |Ih! rarUm diuxid <hhi U-iit of the blood ami 
tUnurh tu> Mm r««uU <>f tile vmlent and proUimted h\ p.r- 
pn*<a eaunrej by bdmulalnni of afferent niorvi*. In eontraet 
with llii* w the view that tho ill *.nWn produced by 
suflerirui aro the i-xpr**»uuii of falijnm «f the nervoun 
KVHteni and of tl»r heart, rtytulltmr Tnun the inii unity of 
the sensory irritations. This thssiry of the 4>iioli<y of 
sboek ha* Us-n viKori>iuly nmibated. W«- have no d««re 
at llu* lime to enter into a «l.--ii-"i..ti of the nature of 
llii>» inurh-th'lKst'st Kubj.s't. Tin- underlying fiw-t* with 
res|»s-t to the ph.vsioharie effrels of pain and i IIm t, for 
pxamph-, on the rr*piratii.» tu man ..uphl lo lx- d4*mon> 
wlrabh tpiite iiide|*mh lit of ihe inierjm ijitjou whieli i* 
put on llu roiisispjein^n thereof. 

Ilitbrrto mu.'h of tlui ( xprriint ntal work has )>een 
ei.iutueuil on auimalH urithr eollditiona whieh approaebiil 
rxln-im-s rarely found in man; or in tho eiiwt of experi- 
ments on man the voluntary f»r>ir\ spiral iou has Usn 
*..niewhat unlike Ihnt whieh iiu K ht arihr in tlie cx^uoira 
of pra/ tiei , l)r, A. L, Mrywof the- l.Tnivrrsity of Poan- 
sylvauia luut approaehed thn prohlem of hyperpnea and 
acapnia in it* poutiblo relation to "'otu.* of the most im- 



portant KymploniH*tm)pt«xra tu n»wli<*inf" by a dirret 
Ptmly of I lie effoet of inmlernU- pain and or iIhi incipient 
macv of am«th4*ia in man. In HaMaut-'» lala>ratury at 
O.vfonl. Ih> determined tln> volume uf air breathed, tin* 
renpinitory ncrhantr**, and tin* alvcsilar carbon dioxid 
prr^un- on hum ah Mibji.ts. 1 The <Uvie,. br w-.-urii«: 
.'X|HTtim -n tally tlx- i-ff<<et of ni.iderate jwun, I hi. deration 
or wliH'h exMild l«e njntrulhs). eoiiHiste*! lu phu-ini; a clamp 
on the eiul i»r the little; finger. This apparatus could 1m 
w^rt'We.1 down Hnnly and tin n n*-lra*e<l. The avera^i 
pain wan, aeeurdim; to the Lnvesli|,'alor, |m>lju)dy auvh as 
niitfbl hit nau*e«l by a severe felon. 

Pain of n»nderato intensity and short duration itwo 
to three iniiiuU") iwiit?dly pn^lu'i--?* byprrpm* that ean 
easily lie uiea«un^l. The alveolar earlMMi <Uuxh1 is diinin- 
ishod ami the respiratory quotient inrreased. Ethrr in 
suitable low eon.^'Utrutioii pn^Iuei -a hyprrpm a tu olio 
minute. How viporiui^ it may hi-runm is iUiiMtrut^l by 
one rw in whieh ai- mr mi.xtun? . ..ntiwnnu: 3-t per innt 
or rtber produ.usl an increase or per cent in the air 
resptrisl; and on another r*i-asw>ii a mixlure of +.H jier 
rent pnKlue^Hl an aiuruirtitaliou or lai |wr tent. Thv 
dtvrcn of exis'csivi: ventilation of the lung* varies in 
different jwvraotiAiand with higher inner titrations of ether 
iImj brentbinor in dinuiush«<d. The alhvisl |«ti*wihi|jtiiit of 

<>»tahlifiUed Junrmtl Auwrtmn \t<tt>/ut Atwinii**, 

•Mew. A. L : H7iKTj.t1.s-* m * H.-iilt of P»Jd and KUwr la 
Maa. Jour. /'JipM . I?l I. xlvUl. 47. 
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The HchUow.ky model yyroaeope xhip, Knowing I ht* meriianiam far .labiliiation 
MP <l (0 ii' - 



Thr Schilowaltj model K)r<wopv as applied to an aeroplane. I h< model in 
suspended on pi.ota lo allow it io oscillate freely. 



The Schilowsky Gyroscope* 

Its Adaptation for Stabilizing Ships and Aeroplanes 

By J. Harris Stone, M.A., F.L.S., RC& 



IN the May nmti home of tbc Scicwriru Amkmicas 
it»|M*ared nu mm .mill of tin* monorail S« hllow>ky gyro 
M-ofN- system us it | idled tit (ruins unit muLunnrti, 111 
other wordn, to eurth miming vehicle*, During the 
laM few wh'Iw the Uussinn Inventor has de|*isltisl lb 
tbr South Kensington Si lver Museum, n« presents tu 
the tint Inn, ht> llrsi i*i«uplrtiH.l working inodelH of the 
gyn*«\iplr Invention as upplled lo the stabilization of 
ship* ami of aeroplane*. Tliese two iww lamM* with 
the work. lilt num.. mil train already there, make tlic 
Smith Kensington Se.et.ee Mil>*euiu the rlrlieM In prnc- 
tl'-jil pf«mU|W ii|<pM'iiiees In the world; lhe «nwni« 
its nn»llol to tin- slat. Miration of vehicle* oh earth, wa- 
ter, nod In the air. 

Tin- dithcullics to In* cmoiirdered In stabilising an 
earth-running vehirle on two wliect* un*. from a n-Mi- 
tlflr |M>lnt of view. greater than Una** to Ih- ovrrrome 
In nn mpuitLc or aerial run v cyan re. A ship and ulsu 
mi aerial machine have already * ii'ftaln MBiouat of 
MKfVM sin 1.1 lily, uwlug to tbr media hi whh'b t1»« > 
ptwre**; 4ii i* I I heir tine of sii|rfn>rt. of equilibrium, he- 
lng above tlx' center of gravity, tlieoreth-ally, It were 
enMrf to Impart a still greater amount of stuhlllxutfou 
to Kiw'b craft than tu tt inutonitr ur train. Hut i-rar 
t lenity, the dllttrultlcM iirr MM great, and It uuty In* 
Ionic yrt before u ship U i-uiwtrueted which Is rigid lu 
nil directions rxre,* Unit of direct prioress Ion. St «n 
aeroplane made whlrh will always rapidly iiikI unto 
mittinilly right Hsrlf whrii u*r#«e4 by Hants of |rowerful 
winds or other cause*. Now In n ship. If tbr tnuvrment 
(other, of nnirw, Ibuii that of pi*ogre««duii i wore n-n- 
filial Mir It fly to what U known an pitching an upward 
anil downward vibration only— sen Mb -km nn and dis- 
comfort would. If twit nearly obliterated, lie rendered 
much Iii-« prevalent. It Ih wtn , n thi* tittiblng of u 
ri>KM'l U <Mitiiliinnl with Ibr borrld rotllnx luothm tbnt 
the nuiW'ii tviM-lM* llx xi -tilt It, ium! llfr lo mi many 
of us tNTtiioiti nltnoMt uiiKiiptHKlablr, TIm< hMdloWiiky 
g>rtMii|H'. iim rtp|ill»tl to *M\t*. In hii attitnp4 tu uilnl- 
mix*\ niliav, or vrvtt to otiMli'rnle tin- rolling. A> n 
»ht|> iidoiit i> a >tnlilr hut an «*HIUtory tKnly. tin* gyr<- 

p«1iH' Ih Iltilil III u Mlllhll' MMllllKT. 

As U shivwn I'hurly lu iMir llr«| iiigruvlng, the cyru- 
m-,i|h- U plvoliil to I br iimnIi I Nblfi l*y a Nystrai of h\M- 
htg i»4votr« BfH\«s| tu It til nor rraUtcff of grmlly 
If I tu- ship Is Ininhig to oltlMT nidi' tin* gynru>ipc itthh** 
a 1 1t t tt* tiding Hi pIvulN to iho InrtluH RMt f|»0rt or 
xtnrlMuinl. n> tlir i-iim- may Ih»i. imd nl thr nanir titnt* 
a Miitahh* ami riigngi'M a ralHn-t ih-vhi*. rla-tlmll.v 
plrotcil to ttw* frame, and tlitn ixiutrlviiiHV n ■ ml-* tbr 
Hwlnglng nioirimttt of Hi-* KJ,-n****\n*. M. S-lillow-ky 
Ik tin* first priK'llml t>.\p4Thurtitrr with cyi-immpv** to 
■ t* , iiinii>triitr Hint in gj T«**n»|pir* stmprnihil iiIkiw tbr 
Vaster of snitHjr. iihisI for htahillidiix ntabh-, 1ml 
latory InmIIi**, it In im*rs»ary to tiring tlrx- tniuhlnl 
tJf r u a cnaa * ami th«' rddde to rh.lr normal |«wlliinix, 
and tlmt llui*»* n-sull* ran mily In* i'ffii'ie«t| by fnm% 
JiM op|M*M|t«> In tot Ion to lbiM> umiI for miHtahli' tn«lii 
In |4art* of hnrr>lng up Km* prw-WaU iimvIuiiiImii, a 
rrtnnllng pn*rUlon dcvlrr b* itiit»l»yr«1 whb-h tbr In- 
vii 1 1 or mlla "aiitlprx*<i->*>lotuil." In tla* mmld -*hl|i at 
South Ki'tislnglon It l>> rloarly wi'ti that mIihv tbr 
iclimlhig mit-1ianl><m U put Info ■■---:-.« t . « hi thr 
mi, to whlrh mi 11 '* '.■ niotloti l- glM-ii, It nrxtorv** 
tlir liorl»intal ispillltirlinu of the vrssrl. Oiut n- 
Kionsl. tlir io niHiiiif itMH l«i v k. iiihI •llMtiigagimH'iit 
tNi'ur-, leaving tbr ready In ■> ■• >r the ii|util 

Ixlng o|irrtithai. II Ih In thin ilriUv that thr |«i-ullar 
invention of M. SrhlUiwsky Li evlib'tit. 

Aft III dealing with n «hli«. we have, nn atrrmly men* 
tloniit. doI lo itiihllixe a very uimteaily bmly. llkr a 
motor-rat or a tnto. the ryrnaron* for a *til|» enn tie 



of rumparatlvrly trifling Wright, iiiul ran ravolve with 
eoai|Miratlvv Hh/wnrtui. M. SrhihrwMky in of tlir u|duiun, 
hr It'll-* un*. that the weight of the nhlp gy ro»«*«|M.' eouhl 
Iki ilern>a>«<-l to nbuut otM half per Ml of tlie tolul 
weight of the nhip; but 1 fiiin-y It 1m r\trvmely dllh- 
c wit. lit tlw prwrent atace uf the minin*. tu BCWpt this 
an an Infallible datum. 1 tried rlu- ship nimlel tXBOrt- 
me ot ally, and fmiii*) that It rtH-kn] fmcu Hide lu wide— 
|M.it lo Mai-|>*Mnl jii^i fourteen tinu- U-f..rr IliHilng 




The faahiliiinjt gyrtmropir mechan.Hm of the 
mo-drl ship. 

PJatj that wan when net Int4i nnklug motion with the 
g>r«i«eii|ie nut In iietlmi. WlM'ti the itynaN*«i|a< wan re- 
volvlng, hut wlllMNJt the «lde rulrliet itintriviiiiee ta'lng 
in gear, thr vi>xnrt rorki tl Jiist one hiilf, ur nevrn tlmr«v 
When 11m- giroHi-ojie wan revulvlng, and the able- rate hrt 
u|i|uiratiis umsl for exm-ining the roiitrolllug ludiieiMv 
nn tbr liintnitiH'tit lln (be mode, uii the Mat i nl aide 
of the nblp> brought into play, the nwklng umv^iH'tit 




Knlargrd v|«-w uf thr cyruacopk mcchanUm of 
the aeroplane. 

win* at om t iirn»tiM. Si» tpilrkly was this rffisleil lh.it 
li Mimed little --hort of tuarvrloiis. It In its If hoi lie 
overruling. MtitUnt (Niwer Were dominant In the anlp. 
whUh litsitintly, wbiit rolling U*gan. said. "No, you 
MmiII not roll!" 'Hits was aiimnnt when the a|ieed of 
the gyriwi inre wan dermics! tu quite a trltlius limuber 
of revolutions only about five huudred a inlnute. 
With Unit nptrd tlw ntardlng drriee ntahlllxed the 
tuudel --Idp, though not with the name rwiUUvf ntraucUi 



aw when tt was miiiilng at two thousatMl rrvolutloox. 

Frimi thin ile~ rlptioii It w ill tie annirent tliat there 
an* atttH'beil lo the icjro*M*if|a-, an aimlhil to shlpn. no 
feCaWy ur large |H*ndalit it> are umsl tu tlu< in«trunieiitM 
for Jitahlllxliig IiiimI lebMes, fur tin- weight of the 
g> roHeiif re Itaidf taken thr phiee of thoM* heavy •.wing- 
ing adJaiM'ta attaelMHl to the hual ItiMniiiM-ni. 

There Ih a very prevalrtit opinion that aero|ilane*i 
are vny nnntahU? — inure xo ihtitt any ulhrr NMrii — 
hilt tills In hardly correct. In reality, an aeroplane is 
like u bird. I'laapamtlvrty n|Hnklng. Malite, but very 
uaelllatury. and loaea very easily Its stability whm a 
rolling motiiai In. aisideratisL It In tlH'refon* most hu- 
paitant for tin- safety of ilnme traveling aerially that 
the rolling uiuthm should Ih* Mayed. and an nttefii]it 
to attain this oli^s-t hi made by the Bctitlownky gyro 
BCOpa Were the roiling [iniatinlty ohlttrmted, tike 
braiiw iind strrnuons attention uf the pilot In the uero- 
plaiie iwhbii are now largely engagi*d in overeriialii£ 
the oKt-illationn of hut Diaeliliie) isaild la- dlreeted mrfely 
to u-i-ereoailiig tlte loiigitiMlltiul- the ii|r-uml down - 
nun run-jits, lu the iiero|dm>e im« lei <u In-aiiliriil mid 
e\net lo male miaioplaue or HIMotfe) al lln- Kiaitfa 
Kriislugfon MeteMC Miisetiiu the weight uf the pilot In 
ti jtreHi-jiied by a heavy trial weight, and the gyroaenfMp 
In priis-rtloruiti-ly ne4 the weight of a single passenger. 
When tlie gyro«e4itie wan In aetUai In llie uioih'l I found 
It difficult lo divert It from the tiorttotital imnltkiu, 
■ M il wtit'ii | ii - > iii' with maue ftarev iw the extrniM 
tll> of a wing. Its MlffiwjM wan remarkable. The 
m-tlnn of tbr gyruN-npv an applied tu the aerotilaiie In 
siuitlur to that uned for vrwrln. Kuch rottliuj swings 
over the gyri-wui-e, nlldlng on ]dvir<s. tu the Indlneil 
nble. himI during thin nioveturnt it etmirn Into nnitnct 
with the n-tardtiig spring, and. roiiMs|Ueiitly. the atitl- 
priss*MNlonaI niLsiianlnai b» brought at utire Ini.- Huy, 
wllh thr result that thr aeroplane U restorisl to its 
eorreet plane or lltgbt. In fult-nlxinl aen-iidanisi the 
Maine gusoliue engine which drive* tlw fan would alsri 
onm tike gyrirsiifpe tu revolve, and the alighting of 
such a lilted aeroplane ou earth or water would there- 
fore alnu tie a mailer of ease ami great delbney. Alto- 
gi-thrr, II Is nut unlikely that In the next few year* we 
sluill witness ma ay iimrveloits, aliaont revoJut binary. 
Improvements In iicriqtiiiOcH, e«|si iallj an regards their 
safety and carrying rii|uiclty. sohm> of wldch, at any 
rale, will he due to the urn* of the cyrotHti|N* -ao lie 
HtriiMii'id which has only just emerged from the status 
of a nursery toy. 

It tuny Ih- added that tin* two- wheel < uiotn -track i 
mi-*oniir- liminsl ami dcs*TllsM In mir Isnne of May 
: Jit 1 1 titled with M. SrldlowHkyV g>TL*seupe. hat Intd 
imikhig many mnn ahntit l^widuii during tin- hmt week 
uf two, tu the greut delight and woiHlerueut of the 
nubile. 

The Mvchanical Ehiiciency of Mtucle 

TllK init*srlen of the animal Insly do not produce IbHr 
work after the manner of a bent engine, but the rluiiil 
nil energy of the Miil-Mnmv* u-«-d up hi miisa-ubir work 
Is Imlins'lly converted Into lun-btiub'iil work. All Inter- 
mediate form of eimrgy which aiiHiirs in thr pn-j-eso. 
Is that of liirgescrui-c or nwelllug of the miisele IIIhtk. 
Iiuring Om o|H riilbai of a Mattel hiclh' acid U lilsr- 
hImI, whlrh causes the muscle IHmt to swHI up Ttw 
shoiirnhig of tin* muwele nlwr, whleli thus resiiltH, U 
then-fore nut re ft- ruble to a eumlnt-timi pi i The 
roinbiiMimi or ovidalioci iss-urs only siils*i-«|iieiilly. when 
the in use I e e\tembi to Its iiormal or i|uh*sii-nt state, 
and latrMt to remove Dm* taith- arid, the hitter InIiic 

n ■ "t. verted Into I In i urn ■• lei •, fn ni a bleti 

It nrlgiiiatisl. Tlie rfflclrncy of thin eheliilenl engine 
is greater than that of uur heat engines uf luoumcrce. 
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Napier and the Invention of Logarithms* 

The Tercentenary of One of the Greatest Labor-saving Devices Known 



Is 1(114 John Naph-r of Mrrrblxton iHil.lUtwd bin 
"Iionpriptfirti uf llw Admirable Canon *4 InitmrlUitun." 
On lhi> title imkp of the Inn.lc he In railed thidr "Author 
awl Inventor," ulHt the w ord* wen' llr nllnple ntiiteiiient 
of u furt. Swum* Iw wua the Inventor both of the 
method of logarithmic cnk-iilallon and of the word lom. 

riiiuu itM-ir. 

Al Uw pn-aent day It I* prrtuipn anwrwhiit .IIITViill 'o 
form an adeiimile eojitvptlou uf the sri'iilm-nii of Nu- 
Ider'n Invention: yet It In bpyiaid all n,ae*tlon (list tlw 
Invention of losjirltliiuH markn an ri"«.h In llw hlniory 
or wHrtMv. It I- wiwrully ndiattlrd I hnl XentouV 
I'rtnHi.ui Is ..iw of the iiwl work* that have nhn|nnl 

tbl» maim.', not merely of linnlorii m-leum' 111 Km prm-IU'llI 
itnpoeln, Imt of nrh'nllfle thonirht In rebltlon to phlbn-- 
opiiy iiwl tbeoliwy. Kut tlii- debt of Newton to Xnpler. 
Iliouicli ludireet. win very mil. Iieeanne Xowloti wim 
ennomlully ri.inmi.iit on the result* of Kepler - " rah-u- 
InltoiiK, mid rnkuUilL'.in miiehl not hare tweii nna- 
lik-lnl in Kepler* lifetime nut for tlw nUl thill tlw 
lintarlHimn • fronted. Kepler Ml keebly IV erlrvoiw 



bin hr tin- olili'r meihixln, ami 
van <M>rTr*|nMidinjrJy ;rriitlfliil ti>* Ibp n-llt-f that tbe iww 
mennn of ciiloilalloii provl.hnl. Willionl Hit loirurlthiiin 
or norar idnillnr hrl|i. n-nlroiioiuienl otuwrvatlonn inmlil 
only have lirni reduced, If nt all, wllh tlw very en-iilent 
dlnVulty. ami the drvrliK|ifiu*iit of niink'rn nr-lr-nre uiletit 
bun- followml ti very different coume, 

TlM' nlitllllk'aiior of Nnpler'n Invention wnnmnt all the 
more remarkable wlwn wo ronnldi-r Hie condition of 
Sroltinul during lil» lifetime. Throughout tin- enntrr 
]«irt of llu 1 nlxt«n.-hlli titilury there wan hwi'onanl lin- 
net, nml nucb lutolbn'tiiiil lliterontn ii« itulile llwinnelvc. 
felt wi'ri' pnnlolulliailtly annoriutrd wllll crv-limblHtu-nl 
and tlieoli«icnl rilnrunnkKm. Though tin- riMiiidittlofi of 
llw I nlvrwliy of l>lh nib In l.VC litt wwl tin- num- 
ber of tiiilirt-Kith-v to four, tlwi blirlwr leamliiic reuld 
linnlly Iw mild to "llourUti," rvoii If nllon- for tin* 
fiwrt'ollr |>rllH'l|«lw|i||. of AlHlrrw Ml'lvllh'. Tbi- In- 
xtrurtloii Kl«fii In tbi> aiiin'rallUvi whb m'nwuirlly of a 
vi-ry .'Iriiiriiliirj kind, Mtice nih«|llat<'l.v liri-ianil mil 
iteuu uvr<» lH-lni! will ti|i from tbi- »'lHMd>, timl 
tlH'n- «nn no wU'ollllriilly mliwhil iml.llr to ulna ao- 
trnil nil tlit l»- hiiiiIi-. Iltfotv N'ii|.|rr. Smillinxl nuib- not 
a Kliuib' coKlrltiilliifli to millliriniitli-iil wk'noc, nlul tllv 
aMHiiriiiNT, I'lirly In tbo N4>Yriit«>o<ilh century, hi Si-i4- 
land, of a hm* tluit at oikv lm.lt rnitk an iw or trip 
■rout landtuarkn of M'lnitllW' dlnrovpry, ban Ihh'H n «iu- 
■laiic »ubji.rt of romnrk by I In- lii.lorliiui. of nialho. 
mallm, 

J.ihti Na|ih-r. tin- Inn-iilor of li«nrllbiiw. wn« lioni In 
l.Vill. lit Mi'rrhiMloii famir, lleur lC.llnlniri;h Snrh 
knowlitla*' an w«- invwsii of Nu|iU>r'H |>rlvnto life In duo 
alliMMt ititln-ly to |ho imtiiitry of liU di-mifiilnnt Murk 
Na|ili-r, m Ikimi- "MoioolrH or John N'miU'r of Mi'rrlitmoit : 
HI* IJmiiKr. I.lfo, and TIiik*"' < Hjlliiliurcli. IS.IK, li 
tintKil on niroful iv«i«nHi. <-<|KTiiilly of tlu> |<rl vn ■•- |«- 
porH of tin- Naidor family, nixl l» the Rourt^. of all 
upMlpra itovoiiiitN. 

Jo4iii N»|iH'r wiiii llw i-lehtli \a)i4i'r or Morvblxton. 
AdronlliiK lo tlx- "MpiimiIpi," AH'iunuVr N'ii|an-. tlio 
arm of Ui>rrliMiHi. no|iilrrd I lis I pnlalc hoforv tin- ypar 
14-'1n rroin Juunm 1, wim (irovnM of FVllnliurirli In 1 KIT, 
ami win orlioratxo •ll-lliii.nl-ti'tl In Hint n-lsn. HIk 



llmr roniiilmlliT toJ,im>« II, nli.1' ran a <].|iinlld mrm-r 
nmbr aurmnliv inotmrrtw." Tbo orbrln or iliw an- 
«-iton> of Jobu Vn|<lrr l« trry uiirfrtnln In tin- llilr- 
toi>nlli and foiirli-^itli conliiHe* tn-rwnnii of tbp niinM* of 
Nn|ilw wrri- not um'innniiiii, paiMi-lnlly In Hip l^iuiox. 
Tlw Mprrlildnn family rbprlnheil 11 Iniditloli Unit tholr 
nam- wuk 

maud of a Hue of ilir s<«r» win. wMinl to do 
one of thHr imioi>m|o|*h. llontiliL a win of nn l!nrl of In-n- 
nox. Til in I linn. Ill, If In wild, had turitnl I In' lldi- or 
tuitili' u hnn flowlna ntn>ii|;ty aitnliiict I In- klnc und had 
fonitlil ~i valiantly lluil llw klnt- diTlannl l«.for.. nil 
tlw Irinlm lllal Uo hud Nil IVor. 

It In |mrhii|>. ..f nion- lni|n>rtiili»' llnil wr. ibi n..t kmni 
tin- i'i.rnt-t <,|n-llliiL- of Natilnrn mi inn "tliirv iitiny fiirmn 
of tin- w..r>l am fwiiid. mirii nn Nn|iHr. Niimlr. NiiM'ir. 
Nna-r, Niitgirr. Vn|vr. \al|i t Nr. A|,|iamntl.v Ilir forni-t 
JImiih' Ni-i.t uii<l Jhojn- N.'imlr an- llw imnt iimihI with 
Jolin Nii|.li r: llw form Nn^.-r In mihl «o ho roinimra 
tlvrly iniHwrn. 

Wtwll ,Ii4ili Nillilnr wn« lu.ril liln luirrnln mill! tun,' 
Insil ii-rv yoniit, riot mon- Ihnu nlvti^'ii, tlf hi« boy 

• IM|-r n ml l»f.-r» tin- tn.yil l'all..n|H.I,,l .n.n.|..|, of ,|„. 

" 1 I* u>» r 



By Prof. C.itirjrr A. Gibson. M.A., LL.D. 

InnaJ and niirly oduailliai v.'ry little hi known; trip only 
rrfi-n-nn* on rccnnl .Nicura lu u Irttif or «lati. I>mvrsi- 
la-r r.lh. J.'iHti, wlMti bp wim iiIkiuI Inn ypum inHl. to l>U 
fnlbir from tbe Blnbiqi uf Orkney, Adam ltutfairi'll. 

"I nray you. raiblr. lo spud yoor non J hour lo llw 
nrrmylllM; oyor lo Kraiwv or k'landurU: for Iw can Inyr 
na trial.! nt hainn. not |M lui (iroirrttt In thbi malnt 
in-TtilliMln worldi' — tlial Im' may In. mivnl 111 It — Hint lw 
may do fmmlla pftpr linniumr nml imitTnllt un 1 dmit 
not tint Iw will: ijulwiii wllb yofi. and tlw riinaniHit or 
our *u«ipwii>utw. ami my almar, your pal nr. i;,rt rain! 
prim ryo otpriinlh' " 

It In (nwlhlr Hint tin- Idabnti bad ulroudy iwlinlcd 
IndlPiillnnn of I bp kviililn (lint w»« latPr to bpcuiw no 
uianlftut, hilt II mi-run to im* wort* llkfly that tbe In- 
terred idiowu In llw win wim IntrlMlml to nllntuliit* tlio 
fnttipr to p\nrt hlniwlf on llw l.lnli.n;i'« tn'lmlf In ivrtatu 
b'icil iir.Kv.Hlli.pl whU'li form tbi- mntn nilijort of tlw 



In 1«B. John NuiuVrV m..llu-r dlij. Imt In-torn lu-r 
bp hml inntrb-iilal.il at Ml. Halvnlnr'a r-ilU-lw, 
HI. Andrt-wn, and, h> an nrraJixt'oniil roniw n|i|an-iuly 
by bin motlwr. hr wiia Iniunlnil willilii tlw rolliijo mulor 
tlw M|m-1iil phnrqp of tlw |>r1lu i|«l. John Itullurfnrd. 
Ifn.l NntihT r.illoia4nl llu' u^iuil .-num.' hln iianic n-iaild 
n|.]ntir In llw lUt nr "IMi'milnanln." ror irmc, and uC 
Miinlpm or Arm for irats; hut m> Iruw of It turn lionn 
f.mi.il, nml Ihr only mni'tnnlon lo hp dniwii rnnn Iti 
aliH>'in-o In Hull liln rvnlil.-im- nt St. Snlralor'n wan il«n- 
imnillvply nhi^l. rrtiwliwit Itntlu'rfnrd mvuin to tiavn 
Iwi'n a mini of r.w|wrtui»ip attaliiiupiiln. lint ttwrr pun tic 
III I U- il.'iiM Unit it nun not nt St- Andrew* thnt NapH T 
nniiilnnl kin nbU' knowUnlj-p of rtnnninil llipmlum or 
wim m-t ii|n.n tlw |.m 1 1, tluit l.nl in kin dbeoT<-rU» anil 
Invpntlonx In llw rji-lil of mullnnuitloi 

Tin- Irirlii.-ii.v on bin fnlnr.' Ilfp of bin ronldrnn- nt 
S|, Anilri-w'n w.n. iM'V.'rlhi'li'ns. of llw nnnwt fur r.-«iHilnK 
i'liiiriii'li*r: for It wim tlioii Hint hp nn-plrnl an tiniM-tun 
ro tlip<'l.iirlr;it ntniltpn (lull ronmnl Uintimtnnit liln llfo 
i|iit|p an cri-ut an uttniiilon un miitlwuuittpn In any of 
it- hranrtu-*. 

Tlwi.li«y, of ciimp. I.ullir.1 lurircly In thn dlnruwiloiM 
of Hie nixfr.'iilh inniliiry'. and It mn'inn lo liai'p htid a 
fawliuitUin ror ,V»i|Jpr, Vnrimin n'twinw In hl» 
niiillipinalkvl workn cnu only hp pstilalued on the im- 
miuptbai Hint hp muld mil illvrt liln ailpntlon from 
lbin'|iii:trii| ntiHll.-. nuflli iiiiHy lmix tn oinlilp him to 
rnrry out rlwrlnlwd mntlioiiuiltrnl liiv.^tlitutloiK Wlinl- 
ovi-r wi- may Hilnk of Hr unroudimey Hint Janion VI 
a.itnlnnl ot«t Hw C'lmn'h In Srolland. I am Inclined u. 
iM'tbTo It U Jiini«.V vli|.rt-y o.i-r llw I'muiiyterlun 
Imrl). to wtik'h Napipr ln-lni.ir.-d. Hint t\ 
to withdraw frian tlw invl.-nlantlnil n 
tilmni'lf to hln mnlhifiiiitliiil nludlim. 

•It Sn almost oertiiln, Ih.-uth tlwrv In ihi i>it|illc-H doen- 
uniilnry cvliU'iKu'. Htm \ii|ih<r aftrr lint Ins thi> unlivr- 
h||) fi.lk.witl Hip iidviep of Aitnin ItMUwell. nml m«-r,t 
MUiw yen™ on llw ciiiIih-i.i. -la.ljliiL' prvitatily at ih.' 
fiilvernliy of l*arin, nml vlnltlnir thi> Xethi-rlnniln and 
llnty. The evlwiui' pnitmliilily Hint, nn a nwmlirr of n 
m^.le rainlly. kr w*iuW be srltt lo pumup bin Hllldit-H 
alirmid In rourlrnipil liy nnnw lut.'n-nllrii; fartn whlrh arp 
iBPtillomnl by Murk Niipler in lib. liilnnlin'Moii lo Hw 
1-ndln.up.u, work "IH> Arte rmelnllpn," of Napler-n 
Irnv.-ln or or I he nwn lllldi-r wlv.m h>- ntndlml or Willi 
whom Iw madi- nniiininiiinpe we hure, li.iwpier. no 
rpo.r.1: wr know that Iw wan In Scotland In 1.171. 

An Hip rnninpnnor or e%t.-linlir rnlatpii It Ih tlttllMT tliat 
.Vttpb'l' nhoulil luivp I n mill hln nil. -nil. ni to Hip Improve- 
ment or ncrlenltiirp. He l.-.k keen Intt-reiw In liln priii- 
lo lnnb.1 u|nin wluit Im- lli'iiehr to In- 
hln riirbtn. hut wtin at llw mime Hnw hii^t to pr«iniofp 
ni.-llw.ln of I Hint.- Ihnt off.-red pr,»|nn-ln ..r In ller n- 
Hirnn. He In mild to lu. vp ni rrl.nl out en re fill ei|«'rliniiiln 
on the innnllnfi ami iniinnrinu' of nil nortn inT iwtd Inn. I 
with i-<itiiiooti niilln, whpn-liy Hip niirin- nmy hriuir forth 
In imin- uhimiliinn.. Inn;b of ^rnnn ii ml cviru of nil n..rln, 
and fur ehpiiia-r Hian by (Iw i-oinmon wiiy of 
iln.nl lir-rvtofore In Si'inHnnd" 

Xnpl.-r-n li.ri-nlh.nw.xt nun mil limited to Hw 
fill ikmalri or liuilh.ninllo. I.ol nlwn.nl ilni-ir lu .lerlj- 
Irnr Itinl riiin.-irl - ..r war. Murk Xnpli-r irli'pn n fiu rimilr 
of a aW.inioiil prvwmnl In tlw Huron rolliiilon in 
l.llniln'lll Tnlilr.', In iil.nli .loliu.Vnpier dinnrllari nnaiw 
"Sin-rel IllVinliol.n. protllllt.le ailrl nin-»'nnnry ill lllen.- 

itnyn for il. riiirv ..r ll.lt inlnml nud nllhntiiinlliu- of 

nlriiiim-m, .• I,-, of i|,«|'n irolli and Minion." The 

Invention. uinaM .4 II) a mirror for bnndug tb» 



iiiwm' nhl|b! nt any dbuanrr. (2) u |derr of artillery 
d.Klro>iiii{ everylbiuif round an art- of n rlrrle. and (3) 
a round mrlal ehnriot no eiummwiiHl thin Itn inTrnimntn 
oiukl move Ii rapidly and ennll), while Urlnx out 
thrmiKb nomll bole, In ii. sir Itiamiu. Ilnjuhart «*- 
norm ihat Na|*pr did miutruct an engltw wliUh bo 
tented on a birce i>)utn In Bcutlaud "to llw dmitrurtlou 
of a great many lirrda of catttr it ml dix-kn of mIwou, 
wliere>if nouw werv dlntuut from otlwr kair tt unllr ou 
ail sl.u-t. and nmnr a wliolr mile." It wiiuld Iw liar 
anlim*. hnwever. (o make any aMwnrtlnu nn th.* atrpnirth 
or -sir Tiioraiin'n evldiiicp. nod w* kuow tun liltU- alnrat 
liu-ae Invi'Dllonn lo form liny d.-llnlle poiwi'|>tton id 1 
tlwm; hot Hwrv In little doubt Hint Napier bud >iuile 
deridinl merllulilt-nl nkllL 

(if Nnpier'n r4iilnrA to rerjnpfutnTuiwr, bowevpr, the 
terra Iml In bin Itiveutlun of loiearitliiiBn. It bun oftru 
hin-n rerun rknl that the Kreat dlnoivellen und Inven- 
tion* have nlwayn dune Juki whin Uw Hun- wun rl|w 
for llwm. nml Hiat If mw main bad ihK made llw d-- 
elnlvr atpp Id ndvnncr amnlwr wi^ild liave done no ul 
□n~t an mmhi. Tldn nlulnm iit In |n-rlui|K lew iireorutp 
In recurd tn tlw Invention of loirnrlttiiu* itmn in n-njan-t 
of many otlwr dlnroverlm ; for, wllb mie inmnlble estn-ri' 
tliai, tben* U no niurirrKtlon pvin that Nafxinr ban n rival. 
The cxepptiixi In J.dml HflrKL uu liicenhnin Nwixn 
watebmuker and nwclhanle. lint Napwr'n 'Tumin Mirl- 
iwiw" wan puhllnbcnl nls yenm Iwrorr llrtntl n "I'nncre*. 
Taliuleli" : Iinrd'a Tables are very liu|n rf,n-1 ei.ui|am1 
wllb Nnplpfn: uml tlwrr In every rvwnun for InHlevliu 
Ihnt Nii|*ler Itnd form.nl kin ininn-tilliui of logarithm* 
and Iwirun their enlnilntlon rjulrp an .«rly an Hiiritl — 
pr. J. iil.lv murh earlier. lU-nlden, llUrcl'n work ban not 
llnd III.- nil«hle»t lullnemv. no far an ran he twined, 
elilwr on the thin.rWteal or un the pratrdeal ik-veli*;. 
Uleut of liviirlllimn. Nntiler In tbrrrtorr .iillll.nl to llw 
full credit of ii d Invention whlrh rankn, In ren|n-et of 

Itn ini|n.|1iili«' 111 (tie hinlory of Itlillnll neli-nn-. n< 
mnnind only lo Ni-wton'n "PrlwiiMn,'* 

Tlw full tin.- of Nnpwr'n work. |mklin|w<l lu im 4. in: 
"Mirlrk-i Iniicnrlllimoniin I'limmbi lN-nerl|U|o, KJuxiue 
unun in iitrni|npTrlj.nmi«ieti'la; ut etlmn In ..mnl lj«l« 
two MnHwuiiitlm, Ainpllnnlrai. K.irllllnil. uml ejppdllln- 
nlnil I'Ti.lltall... Aullw.rp ae Inreiilorp. I.iiiniw Xem-ro. 
Ilur.mp Mprrhlntoull. etc. fmtn. Fnllnlwiritl. Kx <>m- 
clna Amln-ne Hart ltlbllo(n>liie. CI.). L1C, XIV." 

lliln U prlnli-d on an oriuiiwiitnl III).' imc... Tlw 
work In n ninnll nixed i|tlarto, i-ontntniiic o~ imiren of 
explnniitnry nkalti-r, and !«) imgen of luhlrn. 

An Klisllnll traiinlnliiMi of llw "I>na-r1r4bi" wan lnn.U> 
by Tnlwnril Wrtrtit and puLllnlwd lu Hlia after llw 
dint)! of tlw imnnuilor. by liln mm, Kaimwl \Vrl<bi. 
Xnpler, an nlnled In SnmiiPl Wrlk'lU'n iledicaHou lo the 
•* Itlrrht lliuionrnlilp and ltlitht Wondilpful i'.in|niny of 
Meirliaiiln or I^iiiilon Iradlni; to tlw Kiml Indiim," rvad 
the Irnnnliitloii, and -'after itiviil iminn taken ibeMn 
iravo ii|.|.mln1tloli to it. In. lb In nlllmtulwe und ronn ' 
It In Ihen-rore |nThil|M not out of pbire to rive Nn|J.-r . 
own appoiini .,f bin luvpntiou nn ihnt I* ren,r.|ed in 
The Aullior'n I'rpfacv lo the Admirable Table of 
Innrarliliinn" ; II in n nlurtilly loinlltiixl vemlim of tlw 
rrrruce in Ibe oriirlunt Ijiitu mliibui, the i 
luiw-ever. r.'ferrliie mi-rely to 
neetimey of tlw Inlnnulbm: 

"Sin'tmr Hwre U n.-tlilni; (rlickt nrII-lwlov.nl Sfiidentn 
of llw Miltlieuinthx) Dial In n>i tp.inblenii.ie lo nuillw 
maliol pnirtlen. nor I bill .t.nli 
enleiilalorn, ihnu tlw ni.llllptl.nHoos. dlvlnlonn, 
nml riilii.-nl extmrilonn of ereat iiuinliern, wlilrk In-nlden 

I|M' Inllolln ex|n-linp or time nr.- for tbe m.mt purl nnh- 

J.n-t to ninny nlinn-ry i-rrom. 1 Inuan then-fore to iv.n 
nldrr lii my mlml by what rerliilii and nndy nrt 1 
tnlirlil ri-iiwve llione hlinlrnmn^. Ami hinliii: Himieht 
lil-.o many tlilnzn lo lliln |,nr|nnu.. I found nt lem-th. 
nonie i-xr.-H.-nt brief mien lo In- trinleil of iperll»|«> 
Iwrenfler. Itm ninonimt nil. mine more pn .III n hie thnn 

lliln wlil.h lomiber nilh tlw liurd nn. I tinllo. Mil 

pllenlkxin, illvlnboin, uml eMnn'tionn or rimln, <|.4h ill-.. 
.-.ihi .-..vuy from Ike work Itnelf ev.-n Ibe very inimher. 
tlM-mm-ivrni Unit nu' to in- mult li-lk.nl. dlvld.nl. ami rr- 
nolvinl im.. n-tn. and putti lh ollu-r niiinlnm In H„.|r 
lilu.v wiib'h |«-rfonn nn muell nn tliey rx„ iU., ..nty by 
n.t.llll.n. mid miiI.i rn.l i.ii. ilivlnlon l.v two or divlnlni by 
limn'. Whleh mn'ret liiv. utl.ni, U-ltic lan nil otln r ir.n.l 
lllllisn nrei mi nitl.-li the In'ller nn It shall In- tin- lm.re 
.'.Oline.li. I (llouirlll rmnl li. m l.,r..r>' lo net forth In Ijlllli 
for tin' pul.lk' n>e of uii.rto'iuiilii'iiiiis. Kur m.w -oiu;' 
of our o. yinell ill I 111- Inlnnd. Well nfT-t ll-.l to tlwne 

|«ibllr nuod, prox-nml a moat 
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learii.sl uialle'innlliliili Co transude the niwi' tutti our 
vuleur Knelbdi tongue, who, uftcr he bud rJnl*li*d It, 
sent the copy of It (•. live to l»- seen and considered on 
by mjscir. 1 bavin*, most willingly ami fi1ii4ll>- <b.ne I be 
same, nod It to be mewl exact and precisely conform- 
able to aiy mind und the original. Therefore It may 
please Jim who are Inclliusl to Hkose studies to receive 
II froui ik und tli* translator with, as murh k<kx1 will 
as we reoiiauucl«d it unlo iixj Fare ye wcIL" 

I <to ihk llilnk on,, cui slate loon- charly Ibe purpose 
of logarithms: a Ulure delallt-il statement necessarily 
cull*, for treatment Ibut belongs lo lite rcci.Ki of tnultie- 
uiatlcH. To tho**? wbo are only acinulniisl with loiav- 
rltumai an they urc expluiuisj in tbe uioileru elementary 
tevt-boolvs the f.Hlowhit; (tatlnt* may Ik* of interest : 

1. -S'npUT malm no iue of a bane. Tlie conception 
of Indices. In tin; nioikirn usuwi of fnuilunal iiimI uefm- 
llve Indices wus .pillc uukuuwu In Napier* day and fo." 
lout; after. AlKi-bru was )i't In fur ton crude a coo- 
Ull U.n lo provide u Irvatwiit of u lotfarltlim us an 
Index. 

2. Napier's treatment I* husrd on the cisnijutrlson of 
the velocities of two lnovinic |H>lnts- Sui>la*e one liolut 
#' to wet out froin Hie (Joint .1 and to more along tbn 
line .1.1 with a uniform velocity I'; then suppose au- 

r |..llil V lo -l out from II oci Ibe Ill- IIY, of yiim 



-I- 
i- 



<J t> Y 

the same lime as >• sets onl from A and 
with the suiue velocity 1 ax tliat of /• on Hie line .4*. but 
to move, itot iiulfi>niily. but mi tlmt it* vehnilty ut any 
point, us /». la iwupurtliMuil to tbe distnias. /')' from l> 
to the end Y of the line /IV. If now I ' b» tbe ladnl that 
/' tins rrwehed, moving Willi tlie uniform Telocity V, 
wlien |i, moving in I be way lU-sarrilssI, has mtdieil li, 
then Hie number whieli novtsun* At- I* Hie h W irllbin 
ol the iiiiml-l- whbh uieu-oiii-i 111. 

.ViipUr tuid lie- ini-d« of irlnoiMinieiry primarily in 
Tiew, mill he u-jially tt|«nk.i of fJV lor ri mh I lie whole 
«ine iiimI in »» a Klne; It will W nineoil.ere.1 Unit in 
Naphtr'a du) the nine »ii u Hue nud not u rntlo aa 
with us. 

I. When V l» at B Hie other iuli>t /• Ik ut A. no that 
Ihe hiKiirllhni of I he whole oilxi HY l.i wm. The hi(tn 
rllhrus ,.f numl-n. Ie« thun /(). •«> ).« in, lire i«.»i- 

tlve imuilxm; If V Were lo Hut left of II llleu f would 
l«- lo Hie left of I and AJ' would t«' neicallre,*. Hull ll. 
.Va)i4i'r'» sjtiteni tlU' liucarithm.-i of l.inul» r-< itrellter Ihull 
IIk whole nine are nefntivr. 

The elreum-itiiuee Ibut hue I Ik not zero in Niipler'n 
f-yntf-in Is very awkward. Xitph-r wai «|tilte wr«-ll uwure 
.Inter, of lukliix Ihe whole sine a» tlw 
whose l.-S!irllhni wa» lo Ik- zero, and. as we 
h«-e. Ilftrrwurd HM|U>«-teil the ehaili<e to it My-li-ni 
In whh.b hijc 1 Is xero. !lc bud, however, Kome pxid 
reiiMjiiK for hl-i first cholo\ nud IC taunt he adoiltled 
Hint for Ihe trli-oiKioic-lry be bud elilefly In view the 
uwkwiirdiH-Me h* fur lo-t* ihnn It rH-eniA. 

I .Nupler m-\t ratahlUlMs Ihe rule I lull if u l.i to b 

UH CblOt, tiMD 

a — lox b^lu* c— MHC d. 

nud froui thhi rule he reudtly eHtuhllshes all lite mlee 
ns|iilred for orilinary' euk-ulailons. 

Tli« -| K-j-r-rlptlo," li-^Jdi» Malliu: nud exidiiluluc the 
rnle-t. irlves tnuny exumpU-a of the tw of lomtrilhni-- in 
Irlif'onoiiK'Irlenl eulnilatlouK of u numt varied kind: in 
the eoiir-°r» of Ihe work he prov.w some vuluable theo- 
rems In upherleal IriwiDiauelry. The lut.l.w tflve the 
slie-.s. and Ihe l-wiritiiin* of the -.iiieH and of Itie lnr>- 
uv-ntJi of nil amtlr-H frmn 0 di-i-roe to MO ih-irrr-i-x at Inter- 
vals of one uilmile, 

It Iff pleuxiint llutt we can ntate lliat Ihe value of 
Napk-r*« liivenllon at one.. reei-KiiH-ed. An lias Iks-ii 
niealloiiL-d, un l>i|-lish tmnslallon iii-pi-nri-d in liild; 
Hil* IraiLslnilon eonlnlii-'. l»^ldi-s the aiKlmrV own 
Ifn-faoe. oi»- hy Henry Itrimcs. -ti-oineiry reud.-r (or. a» 

we would say. profi -ovnr of mill liemat Ira I at tlre-iluu* 
folliT-e, I^.ndoh. Soioe itilerertilii: Klaterneuta are liro- 
servi-il of the eullilisla-ini with whlrh HrlluM w*-li-niiM-«l 
Nllpler'rt llivetlf loll. In U letll-r lo Ar--|lblhho|» I'-dler. 
•lin-.il jt i;ri"-hntn ll"iw. Xlnrli lotl,, Hiir,. tit- vMltc. : 
'.N:i|.|«r. lord or Markliu-ton, lialh >.-t my load and 
hands u work with Ids i«'"' and ndmiruhle hicirilhnu. 
t li.-ls- lo sis- liha Ibis sinumer, If II l-l.-use Csl, for I 
never -ow a l«..k vilil. l. i-l.-ns.si mi- Uii.t or rumh- me 
mon- w.inder." Ai-nlti, l»r. I'hoiaas Smith la his life of 
ltrli,-*s. In 11k* "'Min- (|u-iriinilaiD eiu-llllssiriiorum »-t 
lliuslriuui vlroniiii." say-, of him when di-serltilin; his 
cl.tlnl"la>ju over ltn> -I'anon Mlrilk-iis: -'lit. eherishsNl 
It as Hh- lipi'l.- of his .-ve. it th us ,-vi-r In his l>iM.m or 
In his Iiiiii.I. or j,n-.s.sl lo his le ;irl, .-ili.l, i. Ill, rr.-e.ly 
<•>■•-. and mind al~nl»-.|. lie nad il ainiln and asalu. 
. . . . II ivii-s tin- ili.-ioi- or Ills |.i-alse In raaiillar 
iixii ■ 'rsuilisn will, his fil.-ads. ai>d I x|s.uiuksl It lo 

bis -llldellt-s hi (he lrrtlire ^.N>n».•' 



Tlu-si! expresvlous of Itrlep. un- of spis-hil vuliie In 
us at Hie prer-eiil day. twovuse UrlsK- was a math.-iixa- 
th-Laii ,.f ureal emlm-liee ; bis aiipreclalion of Naider'a 
work itIii-n us some ih'llalte .sinii-ptloii. both of the 
■-Tievinw uatuie of tile hunlen llvat ueeeH*oiry culeuta- 
lioil» liikf Mi-4s-s1 on IAe ft-Qltll romnrt'-uf .vawna/.-r, and of 
ihe relief that Ihe liolurllhuis provided. 

ItrUiga paid hi* uutielialed vlxlt to Napier in tb^ 
.uuinn-f of 1015, and Ibere la an liilereslluit .lory told 
lo Aabmule l>y WillLaui Lilly, Ihe aatrolofer. of his re- 
cvlrtlou ut Meit-liMon. -I will aei|unlm )ou," IJlly luir- 
ratea lu bus "Life," "with one memorable sslnry' related 
liiito nie by .latin Marr, an exo-lli-nt iiialheinatli-'hin and 
Ceometrh'iau whom I eoneelie you reniemla-r. lie was 
sa-rvant to Kln-4 Jalihra I and Charles I, \Vli*,n Mer- 
ehislou llrsl pabllslasl his lounritliuts Jlr, ItriiiiCs, tben 
render of Ihe lu-trowm-iy )i-cl\ire» at (ImJium irollegv in 
l^udoll, was so surprised With admlrallon of Iheoi Hint 
he r-mild liave no <|uii-tnejK lu hluuailf until he bud win 
that noble is rsi.ii vvlio-e .ady inveiitloii they were. He 
noiuuinls Jobu Marr therewith who went Into Scr-tlaud 
l-eroi-e Mr. Itrlmea puriwaa-ly l.i be there wben Iheae two 
mo teamed i-eraoiia ajiould lueec. Mr. Hrircies aiiiouita 
u ivirluln vbty when lo meet ut r^llnhnr-rh ; but, falling 
thereof. Mercblstou wua fearful he would not come. It 
bupiieiiod «ie day ut John Marr and tin- lyird Nuph-x 
were siieaklu-* or Mr. l!rig£-s 'till! John,' sahl M.-rrbls- 
ton, 'Mr. Brii*r-x will not coiue nowt ut ibe very In- 
stant one hnoeks at the (tale, J.din Marr hasiisl down 
und it proved to be Mr. Hrlcien lo hU grent (saitenl- 
me-iit, lie hrln-rs .Mr. HrlirsB luto my lords eluinber. 
where ultusisl one .ptarter of an hour was a|-eut. each 
U-hiddlus oilier wllh iidmlruiion. la-fore one word wua 
s|Kikeu. At laat Mr Brljiics be-enn, My Lord. I have 
undertaken thla loni* Jouruey pur|Mnuily to «n your |w>r- 
aoii, ami lo kuow by whut enifliie of nit or Ihifeiiultjr 
yon eume lirst to think of tbla miait L-xeelh-nt help unto 
astronomy, vlt. Hie Imnirlthni-.; bur. my Irf.nl. belim b) 
you found out. I wonder nidiody else fniiiid it onl la-- 
lon-. when, now Ih-Uu; known, it ap|*-jin. i-«i .nsy.' " 

Napier and Hrluo. must have been eoiitiidul splril.s. 
f.ic llriiaci *|ient a inonlh at Men-tilston, retunirsl for u 
neexilld vb.lt III tbe follow III* xuinlucr. nlxl Intended to 
make a tbinl visit, in Ibe next ymir; but Na|wer dlo.1 
before Brlmts was free to set out for the north. 

At Ibe Or*t visit Napier and Itrlvics diseuiw-d «serl alii 
rhnnprsi in the sys4em of lonarlllims. In n letter to 
Napier before the llrM visit. Itrlnivs luid Ml t |»-s|ed thai 
It w.salil Ik- iniare isinveub-llt. while Ihe l.Htarlllim of the 
whom slue waa still taken at zero, to take the loiu- 
rilhai of tbe tenth lairt of Hie sine lis a power of 10. 
And he bud netually begun the enlrulatlnn of tabien of 
Ida profioaed system. Napier UKreed that a ehatiKe was 
durable and atat.si tbat be had formerly wlsbtal to 



Ibe table* alremly |ire|airrd. a« he eould not, ou aeemint 
of III health and for otlk-r welghly rensons, uuilerlnke 
tbe conat riM'tlun of new laldi-a. He prnfhwed. however, 
a somewhat dif/eretit system from that Miij^et'sied by 
llrtura, namely, that zero shimld be the loipirlHim, not 
of Ibe whole sine but of nulty, while, as llrtsts ang- 
»Rcled. Ihe locarilhm of Ihe tenth IRtrt of Ihe vine 
should be a |»«wer or Hi. llrlssx »t muse admitted that 
Napier's metltod waa der-ldedly tl 
nlmut tbe ealenbillon of table* 
whhh U esaeiilbiUy the aysteu of locarlthma Dow In 
use. 

In uu "Admonition" printed en the last pace of noma 
iiiul of all! of Hie eiqiii-H of tbe "^anon Mlrlucus," In 
u i«ii«i».-i- of the Kn«ll«h trnnsliillon. and In the dedl- 
.MMi lo Ihe ' ltalaloloula." NapU-r M-fem to the eluirujv 
or sysitin. hut ibies not urate expllellly the share Brlsn 
had in li. though In Hie devlleuthai be s|M<uk* In f lias 
heartlent terms of "that moot learned man, IleDry 
Itriicpi. publie professor ot iccumetry lit London, my 
most 1h-1ov.s1 friend." 

The i'.-py of Un- "I'jiiion Mlrllii'iis" In tin- HnuterUiii 
Museum of Ulussirw llnivrrslly ha* tbe "Ail 
On tin- title mine Ik w rllleii, -.Vathnu Wriithle of 
Held." Hun Ibis la- a relative of Edward WrU-ht? 

t'nfoftunately. Iir Cliarl.-s llnlton, io Ihe excellent 
hl»1or>- of loicxrlthins prellxnl lo like early eillllona «af 
Ida MallH-niaii.-a! Tabh-s. iilv.s. a version of tida story 

II, ul (hurt's N.ipier Willi Ihe Int.-lltliin of l.llUllll- 

llriisrs's M-rvlnsi, and of nllowinj; no one hut hlunelf 
liny i nslil lu Hie linl-po, lie-lit of Ihe oriirlilal system. 
II is very ilinir.ili lo understand bow Minion eonld 
eoiao lo write as be did. esiajeially as he has no Justin- 
<-atl.m In a Mnirle resnniisl word of ItriciM himself. 
Itrijriis never to his lust day *|s.ko of Napier exeept Li 
terms of the warniit<t aff.s'lioa. and never showed Ibo 
l.-asi irim- of a r.s'ltii*: tiiar Nupler had wilhhi-id front 
him any rt-cYimillioli surh as Iltitton chinailds. Tbe 

fil.iidslilp of Napier and Hrlitts was a I t Ideal In Its 

slms-rlly and warinlli. and 11 niton's alleuallora arc 
mie-li to ls» r.-«T.-ll.il, .si-nrrintr as llvey do In 
lli.it lias u deserved reputation for its general 
and wide kiuiwusilse of matlicmuUcal history. 



Tin- -Cnllun Mlrllb-us" savo rio a.siaiut of Ihe iniXti.'-l 
by whieh the lopirilhm. had lieeu eakulule.1 Napier 
Ih.te slnte~ that he prefer* to show their u»i- that Hie 
use uud protit of the tbiui; behn- flrvii cuneeiv.sl, ilw 
r.«t may please the more, beliitr set forth hereafter, or 
else displease the lew, beluu buffed lu silence. For 1 
expect the judgment und eelisure of h-urtled liu-li lkere- 
uiHin, bef.H-e the rt«4, rashly puMUmsl, Is. < x|s>«<si u. 
Ibe detraction of Ibe ciivlima." Napier did not himself 
publish any account of his method «f enlculutlng loisa- 
rllhms. but In llilft, after his deulb. hbt seei^id work on 
lok-arithin^. "MlrliVel lAiw»rltliiii..mni Caiuinls f'snmtni- 
lio." enine from Uie jireie. of Andrew Hart undi-r Ihe 
editorship of ItrlRtfs, and Willi a preface hy ICobert 
Na|ller, Ihe wKiil sou or ills second marriaifie. In the 
prefare Holiert Napier noli-* |hat lu Ihe liook luoirllbllLs 
lire culled -artllk-lal ulinihvrii" lusiiu-e his father "luid 
Oils treatUt- Is-slile bim com|«j».sl for several years be 
fore he Invented Hie w.^d I^igarlthtiia,- It l» Interest, 
inu (o observe tbe mrdlalily of ills reference to ltrl|[k>: 
"the wliote tnirdisn of the business sis>ms. to have faiU-n 
ou Ihe alxmlders of the most learned itrlias. an If il 
were bia |a-rullur d.rstlny lo adorn HiU S|sirta.** 
liol«Tl Naid.-r ap|s>nr>% to have las-n his fallM-r's seieu- 
miniK hU pu|«.rs wils f.saiid a copy of a 
by his father on Arithmetic ami AliM.m which 
tbe title. Ill It.ibert Napl-r's hali.l«rltln>: : "The 
of klerchlslon his 11... l.. of Ariihmctli-ke and 
Alifi-bm. For Mr. H.-urle ItriK-cs, rmb-ssor of tj.siai- 
etrlc ut Oxroordc." Whether this treatl-s.- was ever 
sent to Initio is iio| known, il was i-.llt.sl for Ihe Ban 
iilityne I lull by Murk Nupb-r. and tail.llsbisl In IVSI 
under Hie I 111.- "He Arte laajlxll.a " 

"Tile whole bimleu" of cuhulalllu; Ihe new system of 
irsSarllhms .lid In a vety real aense fall on the shoulders 
of Brim:*, und he ih-vole^l to Hie work eonspieuoiLS aid.. 
Ity as well na uiilliiiKlui: zenl. Although Ibis Is not IIih 
occasion for un appris.-latiou of Brivics, It may not he 
out of plui-e lo im-utl.ni that the SIiuh.k;i colhs^lbxi In 
our l.iiilvendly Library isneiej.^,. a eoi>y of Itrlrpi's 

"Arilhiuelb-a lA-varilllinh-u" of 1IEJI wllh Ibis lris.Hp- 

Hon on Hi.. Ili>< Wank l.»,f ; -Hunc ml l.i donavlt Hen 
rleua UriiuiuK Auno lO^Ti" : on Hie lille |«i^e Is Ibe 
name Huh: Nnis-r. nnd lielow Hits name is writlen In 
Slmmn's well-known hand 

l(oh: Slinson, M. IM>'XX\*I 1 1. 
I ilo mil kuow how Ibis Copy came iuto Sinison's |s~ 
s.-ssli.n. lint it Is tnillfyitii: I., have tint. ..until. I~ testl- 
neitl) lo III.- S'S«I fivllnj; lll.il sut.sUled Is-tween llrloji 
and Napb-r's s.«u. 

The carliesl publicillion of hienriiluns on the inntl 
neut wus lu HUT, when Ih-ujau.ln I rslniis li#cliul.sl lu 
Ills "L'nrsus Math.'iDUtleUK TracHcus" Napier's canon of 
lllll, slniTteiusl two pluera. It was Ihroaiih Ibis Iss.k 
that Kepler was aroused to ibe luiiwrlaura of Napier', 
discovery, Iboiutti m- hall previously ws'ii hut uol road 
Ibe -I'jiuoii MIrlftiu*" Ills first busty stance ,k the 
"tlanoti Mfrihens" only lis! bim to e\pre*s himsi.|f in 
tauuewhat <ll»paro£tnt; t.-nns of Ihe utitbor 
lltim ii/m av.wi'H miAi .-rciifi/; but when h. a luid once 
shlillisl Ihe im-w tnelbtsl Ills cnthiLslasni was akin to tbat 
<sf llrltcs- The dedication of his ' ICphcmeris" for IIWi 
emislsls of a leller to Napier ihilnl from l.lntr. on tbe 
Imnulie. July £sth, 1D1M. He Wll> uol awiire Hint 
Napier liad lain then dead for more Ihun two yuura. Ill 
the leller lie states ihnl he buduse.1 Najder's lounritlmis 
in tlu. eonxlrnellou of Ibl* "Ki^icmcrU" and tbisrcfnr. 1 . 
of rbrht. dcslienteil It to the "lllustrlons Baron" la 
lGl'i Kepler published u table of Xaplereaii loKarilliiua 
wllh .i-rtaln unslltlrutlous und additions. It I* i»>ftia|is 
worlb uotiiiii that b) commritiij u leller frum Kepk-r to 
ISder i'rllcer with a statement made by Anlhony Wisal 
In the "Allien*- Oxoiilensis." nlxiut a il-lt of l>r. I'rnlfc 
ana of the feudist Sir 'lliomns I'ruli', mie may n^isoii- 
ubly Infer tlul Naph-r »a» on the track of his lepra- 
ruhma a* curly aa 1MII. 

This la nut Hie .Ki-a^lon ou which to iwirsue the his- 
tory of Napier's loiEirltlmis. The .relit of tin- hiv.ii- 
tlim is Justly due to Nupler and In Napk-r alone, but it 
would Im* very unjust to forKct or to minimize the 
mil, Hie share lhat Hrlsca look In Ihe proomlkfalton «> 
the louarilbms. The lal.le^ in use at Ibe presjoat il»> 
are not the»4. of Nnplcr, but tltose of l!rlt,vs, sui^ile 
inerii..! by ib'^-e of Adrian VUev|. Ilript's s.m. lo hn.e 
ls^n a man of Ihe fine*! D i«-. ieaine.1. able, and unset 
lish: it Is only the lu.-nM Jn-.tl.i- to rank him iil..i«slil.' 
Napier In Ibe history of Hi- liivenllon and calculathci 
of borlthma. 

Napier's coucetitjon of tin- h<iirilbm cannot, fail In 
siiirvtesl to the student of mathemutlca Newton's treat 
meat *.f the lluxKHial eaU-alus: nut Ibut Newton laar- 
r.ov.sl from Nnplcr. l.ul thai the fundaut"iitul Idens of 
Utlh are so muvll ullke. Tin* irriiit generality of Na- 
plor's <sit.ii.|iiion has t»s n more cl.oily under.to.al 1" 

mi nt j -s. and He re Is a siMne tendency, at least so 

far .-i» the ti.lvaue.sl sliiiis. of mailiemnl ieul study are 
e.xieern.'.l. to return to a d.-niiiliou of tbe lu. 
that la equivalent lo Hiat of NaiJer. 
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In III* course of his llluslriilloiw of the use* of loga- 
rithms Napier buil frcqueot occasion to discuss 
trigonometric theorems, unit the latest hUtnruin of 
trigonometry. T>r. A. von llratttunllhl. estimates Xaidex'a 
work In thU connection to It*' of the highest value. 
Napier, tic consider*, completely reorganised spherical 



of iwarly nil the Irigommictrlnil 

Anolbrr achievement of Napier should be mclitiolicl 
here, namely ttint. though ho ilhl not Introduce decimal 
fractions, he did IntrtHlwi* the decimal point, ami 
showed. In tlw "t'onstructln," the iwrfcct simplicity anil 
gfMrallty thul atletalcd its ii— The decimal isitnl |» 
one of I loss- simple device* lluil we lake for granted 
Iml Unit iwsslisl ii genius In Invent: many years tlapacd 
t».f..re II* um> Inaiiine quite general. 
John Napier ,u«i „n the lti «f April, nn-. 

llu. church «f si. rnthl. i l. Kdlnburgu. It L* 



ufn.li stated mat iw was barfed in st riiios's, but U 
may mm be held us establUhed that It was In tlw 
church of St. Outhbert the rhumb In which be was an 
elder— lliat his laxly wit* laid. 

Iiavld Hump i"lll»tory." vol. vll. in 4-tt casually re- 
fers to Napier us -tin? person to whom tlw title of a 
l.-UKAT MAS la more Justly due 
biH country ever produced." 
JudBUM'Ot Ik- challenged— ami II la hard to decide who 
U MM worthy of nurh nn honorable title every con- 
1 - 1 i-t pt critic will couecUc that Naplera Influence on tlw 
developnwnt of mathematics uuil Its manifold apidlca- 
llons lu mtsleru life was profound and far rparhlng. A 
mini r.f Ihe highest culture, well versed lu classical and 
llnwloirl.nl learning, he wan not exempt from tbe full 



wan lived ; In 



be wan a mil 11 or pure mid simple life, 11 
a genuine lover of spiritual religion 11ml 1 



patriot, 
•rely an 



exisnwnt of the particular forma it assumed in tlw coll- 
fuscd theology of bLs day. lu originality of conception 
and depth of Insight he la one of the stuall land of 
mathematical thinker*, mwial by Archimedes In 
aiitliinlty ami hy Xcwiim In 

1 consolidated tlw labors of their 
lulil down the lines of 

Though Napier's work 
modern Industrial development and reneted powerfully 
ou iiHHWrn tlmught, hi* name lias Utile or llu place in 
onrrciil text -books of Scottish history. Volume* have 



in 4 olldi* ..in- Kymiatthy niilior than our i 



squabble* of tlw sovereigns wh.«c reign he 
never 1111-nilonlug Ids name. Yet be la I 
ever selcn.s- Is taught, ami he is a man 
Kootcluuun Hhoiild Ik. proud lu ■ laliu 11* a 



Some Further Experiments With Liquid Drops and Globules 



Life-like Properties of Inert Matter 

By Charles H. Darling, /ULCScX, P.LC. 



Ix tbe Usues of the S<-irKTirir AuruirA.x S1WI.C- 
H1 of April IStk nd May .tlxt. HH.t, ttw UUhI 
de.siTilM.il 11 iiumlaT of ra-w eljasrluMaata with liiiulils 
■MNUgiMatins in disasliy to water, with ni-s'lal refer- 
enee to the formation of aphenss, <lroi«. ami eolumns. 
ami tlw imivemeuts of clnbules on the surfuw of water. 
Tlw priso n! artlHi', whb li l» ri^iri.lii.ssl man our Una 
lisb <siuti^ii|siniry . EMMDlBd^a, is Intended to supple- 
ment tln«e nhirh have [irevhanily ii|i|..nr.sl anil will he 
ih'volisl to 11 di^irriiilhai *»f s<ime further exis.riments 
with tlW Hiltue ebl» of Ihinlda. 

wtnta >.|.|ira»:s in aniij.xe ski.ss. 
At first slitht It. ariaM u, 1H sir a dlmeult o|»-ratlnn In 
liiel.«- one liquid in the skin of another; iwOnaii bow- 
erer, could be aimplrr. A layer of aniline Is piuccd al 
the bottom of a bonker, and covered with water to a 
dctith of alnnll two IiwIkm. A iclass lula., of ls.ro nb.nil 
one eighth of an Im'h, nfa-n nt ts.ih ends, la then In 
wrtisl In tlw water, and lowered until tbe eml Is sub 
mcncisl in tbe lltlillue. (Aa Die tube is nfwa, w-lller will 
enter It on Immersion, so as to stand nt tlw «>me lev -l 
as that in Ibe ta-aker. I «Hl llftlnic the tab* oirt of the 
In of this lUpitd adheres to tbe end; ami on 
It further Ibis skin is iiinuted hy tbe water ie 
hirh sinks sfi as to maintain tbe common 
In this manner the lllni of atdlliw la ilMvnM 





Fig. 1.- 

by water, just as 11 
with air. In reaiarlnc the tune entirely from the water 
the comiHxdtr sphen-s remain clinirlnj; to tbe surface, or 
may fall through tlw wnter 10 the bottom of the beaker 
(sec na l). ir 11 rlmt or wire, almut three eixhlha of 
an In. ti In ilUimeter, lie dlppisl la-neath ttie aultllw iiihI 
then withdrawn a nut Him will adhere, whlL-b may b.i 
laia, of a fnllln* drop l.v 



■ with these lllmx. whleb are . 
more readily after the aniline has las.n in contact with 
tlw water fur some days. 

TUB "titVlKO™ Dhor. 

This extarliDent Illustrates in a striking manner the 
force with which tlw surface of a liquid la restored to 
lis normal sliatie after undcneoinir distortion. A quan- 
tity of dimethyl aniline Is poured onto water to n 
deplb of three quarters of an Inch, and a sphere of the 
liquid, encased In a water skin, formed as dcsriihcd In 
the previous eipcrlnn nt (sis- fit 2, A). On tirtliut tlw 
tube out of tbe liquid the sphere falls from the end, 
ami rests on the Joining surface |s»s. fig. -J. It), where 
It remains for a few stsximla, when It suditunly buruta 



throiifti the lutcrfnic. ami is projis-ttsl with sonic fife 
wmv ib.ttimard (sis- Fig. 2. i'i. Hie skin of water 
having now disaiissired. 'Hie dnip now tsimisitus] wi- 
rlsi^ to the lop of tlle 



liqUld 

Tills curious Is-lmvior oil the part of tbe 
sphere admits of a simple cx pin nil than. Afler risilli.4 
f..r a time on Ihe Interrnee Hh- under pari of its skin 
Iss-omc* isiiillinioUM ullh tlw water ls-low. with tlw 
or tlw surface 




rig. t-Th. "dlvln." drop. 

liquids Ik elutlisisl. Ihe sJdeB la-lint now eoiuwctisl to Ihe 
wiilcr skin forming Ihe npiM'r t«rt of the drop. This 
Is an uiastalde abnix. for a stretched surface, which al 

0 occupy tbe minimum ansa ; and I 

1 Its normal sha|w. and with 1 
to cause the drisp beneath it to dire Into tlw water to 
some depth, although dimethyl-aniline b lighter than 
water, and lends to fjnaL On tlw sphere rising and 

, the Interface a 1 




surface and entering tiw water, teiwl to carry wlih 
them a iMirtlon of tlw liquid Ih'Iow. This may 1m> 
soon mi beniliig 11 biyer of chloroform als.nl half an 
by water la * iegih of nU.ui 
Tlw action, however, b. mudi more 
striking If moaot.roiB ini.-rw be used, as Ibis 
a higher boiling point than ehh 
On liisitlng Ibe liquid Ibe vai>.r hubbl.si enter the 
water loadisl with a drop of liquid, Ihe amount de- 
tached being Kii.ii ns to make the density of tlw coin- 
rmpar and 1. iui.i Arorja uisnn oiuui i<> that of 
tin rMii* the drops elder a colder biy.-r of 



reaching the warmer region below, however, the lifli.ig 
isiwer Is restored, ami tbe driqai rise again. Ttw ap- 
lienraiice of Ibe drofm Is shown lu fig. .*). but tlw chief 
interest of the cx|s-rliiwnl lies in the novelty of the 
nioveuwnla. Some reach the surface a I once, and Iben- 



■ silwrs dance up and down with gTcnt rapidity : while 
others, Ihe deie>lll<-s of which nr«. nicely baluniss] wliii 
tllat of tlw wnter. move slowly upward or downward. 
This simple experiment Is nt mice Iflterajgijaj uu d In- 
structive, ami Is mie in which nctit.il otcservntlon con- 
veys far more than a mere description, 




reverse direction, takes place, but cunnot he ace 
to tbe sphere listing Ita Identity on entering 



n owing 
Ha own 



Fig. 4,-Tb* " expanding " globule. 

vlx., water air.- Ikiuld-nir. and sfili r liquid, or Inler- 
faclal. Any alteration lu tbese tensions will disturb the 
equilibrium and cause tbe globule to alter In shape. 
This Is shown In a striking manner hy Hinting a | 
of aniline ou water and dropping Into it n hu 
Illy of qulmullw, when Ihe globule will be observed lo 
exiwt.d violently In all directions, leaving a hole In the 
rv-nicr isce fig. ti. This action Is even more Intense 
If a drop of qnlnollne tie phlissl nn a globule or light 
lubricating oil. when 11 will be observed that the qiiino- 
llm- sinks Ibr.Mieh Ibe glolmle. nllhmil musing any dl«- 
lurlsirKs.. until It breaks through llw junction of ihe 
oil ami water, wbeu tlw glolmle spreuds mil wllh such 
force as to be broken Into several portions Tills plw 
noiociH.li la therefore due lo an alteration In the inter 
facial tension, which now offers less opposition to the 
pull of llw water-air tension on the globule, and bence 




can be ohtallicd 
Ittiraltln oil Instead of 
ever. Is not m well 

Tllg "IIANCINO" Daol'S. 
Whssn a volatile liquid Is heatisl iHsarath a 
water the hubbies of vapor, oil leaving the 



When globule* of .llffen-nt liqnlils are tl.oitlllg i«l tlw 
sauw water siirrac a tendency to join logellwr Is s>.iuc- 
tlm.si lioll.ssl, and Ibe same a|>|dies to si-iHiratc jrl.'l.ules 
layer of of Ihe same llqubL Tills temlclK-v to .-..-.li-soe ullli 
joining- utber globules la shown iu a marked degree by dimethyl- 
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anllhw>, mid nciy U> ullllx**! »» nn to civ*? the uovel ap- 
ian rinnv of one idobnle frc-dhic nit another. To fchnw 
(lit* rnVrt to ln-wr n<lvrtnt.ic«>, n AniAlt .lanittlty nf ortko- 
foJiiMltii* l< |Mtiint] onto a rlt'iiii wnlcr tttirfuw. wtuii 
It Imiik* up into n niiiMW ..f nclbv cl.-MiVeH. A lam* 
Kl«hill»* ..r dliiHlliyl an.Hiw I* Ih.-n formed «m thr xur 
face, wti.rh til ihmh* print v* hi In f»«Hl (||m>m lm» t>TllHrt. - 
luldl The |wi «>*lurv h nh. ■<* ti hi Hir. ,\ whlrli 
rcpre««*i.l< HI rlM> in ii i,i I mug,.; rJ> llu> hint* (flnbulo 
.if «|lm.-ir.>l riiilllii.- --(mIIiis •hii ti pn-luhrraix* In the 




dlreetlon .if th«- oiw. '-'ti tlw* rtnmll irMiulv liK»»r 

••oi-.ifft- <it 11m* |ir«»tiil«-miitv nhlitlnivrii. <'jiu>liiie a 
riH-..(| nttMi -iprviHl-. >'-«'' uMmh' kU'-rstlly ; *w1 
<oj Hi.- ct.ilmlio n-rvtored hi ll* pri<,*er *hii|i- -On.* hi* 
uln-ak* due lit Ihr ..iH„ f i.r).jUlliu' ii.il lirlns \wrTprtly 
bit\.-4 - it n 4>|H'nillitt which hike* n tthort lime, ufh'r 
wliMt l tit* trMmh- l<*voii,e« cleiir ;iin»ln. The prorewi In 
llu-n r»*|«inh-d. «<rir lifter nin.tlier of ||w M(-lhW<*liiitlll»<* 
aU.l.nl.-. Ih'Iiii: tili^.rUMl itultl ibe flurfar* tin* U*en 
ch*nntl. uh. ii iln- -.|-.\Mi»r* r" mm.* h» rt*«t hi the cm 
h-r i,r the ttnrfnei'. ll In iimusluL' In i»iwrve how llu- 
hidiiM vrl.-lMiU- MiiitHlnvHM relict, n* If iryhiii |m iivohl 
enj-lure, only l.i imrwd iiml nmoV to *ban* llw 
<N*fiiiMi>u fiii*-- The iinivein.nl* iimy 1h> wi»n to Witer 
iitlviinl.t^r u Ih'H the Mir fin* if* iiiiiirti.llt-d h> kmlrr'i 
projectUm, anil in*** imI»I«' In ii mI rt let n? manner rr-rinln 
|. r « ti-«Ml;i(f«| hUU life mii-Ii, f-.r e\:wii|»h', «** ji 
nhlli' Mi«mI o.r|m<*le 4i>h;ii*>»y|ei Teiiliiii: im nileT<iht-<. 
AlMl ll I' IUI.-T. M1IH! to mile (ll thin r..ll|l«rt hrt| thdt 

M.me .if tl Iher iu.iv«*inerils ..f «l-.lml«.s *U--e rtlNnl hj the 

ii ul h< <r 1n |in-Tl-iu»4 Immui** the S* ir\Tivir Amkhk an 

Si ITtllll NT <ll'iW lllllll.tfliT* !i» t|M> Ill.tVCIDi'titl* (if tbt* 

loner ••rtTiiiUiiiN: f.»-r <-Miinpl*\ (he jmlMithMi <»f nnlUtii' 
icIoMilen ;it»1 ili*< niMllim 'it r niiiMTn tl->it iiimI KiitMllvNhm 
(if «>rlti<^<*hilillti**: nil i*f which i»nty |>n»vi*», hmve-viT, 

thin ewl:»hi |ihe N-iti. u-itr«11> m (| .|^^^| to U' lnw|«- 

rahlr fn-iu life, raiiy U* i»t.«Iii«-<1 ullh inert ittilwtuiMtM 

The Price of Labor ExpreMed in Terms of 
Food Foci* 

Am mini i*< u fiifl-ennmiitiiiitf mfu liin*', it retjuirfM it4» 
anriimt-iit emphiw/r Hh- imrtortuit^' of hionWp'wn. 
«*4-rninir tin- f*t«tJ.f». | vh'u-h )n- M-itU, It mnilrrs liiiK 
*li» lii» r iu-liiw I i- an ummmr eunh' in i»n<M<lini* n huu- 
&h)c >>ii|itil.v »ir nuinniettl fnr l\w imlividiuil. l'tih*vi ftHM I 
i* Av.iilit,hN> nt a i-*wt niiliiii the n tu*li of tlwMe eitit^ ni^l, 
Ihn |M«uihith> i»f >niu|.-|i)ui<- miiintemtiu-«' «1 *nu<* vtwti. 
Tin* qwMlion *4 Ok- uinler-iiiilrilion nf the man«-* or the 
uoi»ir-fe«-*lint: of any pimp in wwM-ly, whellwr it Im> 
*-Iumi) .-luUtn it, Ihe indium niVk the |kmwi<hI kkhi»rvr« 
in lilt* t'liiiimumty, eannnt Ih' >*i ») v» *l |»enii;iikerilly iH-riir** 
tbn IU'UiaJ lllllnlive iM<e<ls i»r it II nf there* 1 rlaajw* arr am-r* 

taiiinl nit an imltAiMituhli' ^Mfiiiiile Only tlu-n \* 

il imv^i^U' t«> iH;t* niiii*4-if llw faihir*- »•» ohtjiin iwl.^mile 
a<Miri'«liini-Til is ilu> . in < .vli • a^'. 1i> |*»verly. *vr to Ihr 
laek <rf siiilAhle fiMif.siip|ilirif or to iinuirwiii* uiul fw t- 
\4Tti *\ jiMltfiiu-Mf m tli.- |Hir.-lin^- -»f the a,iy\ mliori. 

Knr tin* nu-nn. x:irn»u« "*tiiii'l».rilH' - have he«fi pni- 
p4wei| hy |»}iy5iol-iv:ist5 hih! chemist'*: for rkuly liw-trtrirs nf 
persona of ttifT,-riiti' juf»\ m-x iiinl m-ei ijkir ion, aint in fjiff'-r- 
elit rotiihltoi^ i*f life. In ft'ii'Tiil, Mh-hi e^linial*^ have 
Iw t fi h.i-.*| ..ii I n«s tli-iiiu-i rne(|i*»*|H a*{ [\-rf-«Tl»iriiiir llw 
Mlilnhilitv of a nitioir. Hy I In- mw. llw •|unntitic^ of Tone] 
Tu-hMtlv <-4MMi|iit< «1 l» v niili 1 . iihniU 4*t kiit>wn irmupM nf 

|HrHi>ll« heiii liottil 'I'hr ell I OT IHiI!|imI eontlHlt* in 

iU (••rniiiiiinr. hy N'teeul riH iikholi^Tii i-\periinniln, Ihe 
at-tutil nli\ *tt*lo|'if ilrfiuiThl f..r food. Thin funiixlie* in- 

fornniiiMi, .m., . rtnnu' ' !•« "f mhui in riiainlaitiime 

j\ rminlive eiriilihriinn uii'ler w1e«-te«l *NiiMlitii.ns of 
a< lt\itv r.ither tli.ih ^ I nil In woiiM .-at if pi\'»'ii th*- tm*- 
<lo|n of . hoh-v Till" niifhml, heinir l|ie Hion liil-TL-Mh 

.tn*t diftii'Mli ni*i»ii' of n(\e><iii^«iiiiie <Jtel.Lr> 
hilht-rio I i.t -n rinnlove^f U-<* fr»-4Mtentlv in 
inr|inr\ than lum lit- ^t.iti>f rm 1 1.. ol 

~lt.Vfila.-nl f.om the J A «e M l *.f t b» A.m-ri^u U^lk-t,! 
A— xUIItm 



On Ihn haidn of the hkriher iinioedutv, ui wltirh llw pn>- 
portinnH nf fno«hiturTa ivwiimrH tn Ik*. tv*o*lni am infrmtt 
I'niptfktftJly from thot*« wHi-uined in o1***tvpH **juvf», nearly 
all nf tbr widely qti<it4^l ilirlary* titanclanU have Item 
r*Uihlinhjo*i. Any otv wlio Ivopr* to interpret or PjnpWiy 
thfm rationally nmM 1m«j r^rlain fnoilamenlal prlnriph*i 
of uuhriticin in miiul. Tli* ni|uir»t iwnl5 »>f the Uxly in 
t«nniiof fond*fuH or nuir^y ctrpenrl «m tlir way in wliirli 
fond in to build Iho onzaninm and rpjxur iU »Ant*, 
ami alwve all <m ita hnU- and jKii»er->it4duii; tpiality, 
|kartteulariy thmujch thn activity of lite mu«rTuUtinr>, 
Bearinir tlipw ra^tJ* in mind, ft in ohvinu* thai thf niw 
of an individual i* oiw uf tlw faelnnt wlueli *ie(«-nuiiw 
Ibi- im^I «f f4ioil- If viiroroii* RTowth is mill in |m>Krc«. 
thn drnmiwl nf nutrir-nta for iw-w tiw-ne «x»n*>innHfnn may 
tivniiiit* aot«wuHh>-. L'bu4 ( bo*evw» «tand thv varia- 
tions of (U-mand rauNtil hy llw unlike cixjKauliturr of 
imrgY in diff*-r*nt oefujiationii. T)i* wrfptitary hook- 
V»* per or MWHKlrem r*i)uirvH a far nntalltv supply of 
euc<nr>- Hum ihv wntxt -chopper *»r tbe waahi r woman. U 
i.i a mfttomary ajwiimptinn that, Ii— una* of her jonaUiT 
awnun- matim* and Iftuwtr mu«nilar prrformane^, a 
Woman miuin** on thf avcraet' rxiclit tenth* m much 
food ns a man for wrritipowliiiic nmseolar wtjvity. It 
\w* al«i Iwi n aMtimed tliat elijUlrnn of difTirrait acm rnn- 
*nirie from Ihiw (4<ki1i* 1o fighi twithn a* much an the 
man of the family. Su<*b KvmTaiizatiunM ha%»> Iwwunc 
neee^wary wlwoevrr tho ftiod hahita or pnople liavtt h*>m 
im»Miie«h--l liy thf ol«r>rv»tioo nf footl purclMwe or non- 
•nimplion in entire faniHieti. 

We sJiall not (f> Tar amixM if wr roci>rt*a> tlio rurrrnt 
dii-iary HiandiirflM. no far a* th^y ar*i hoaod on the proepfl- 
iiue hhk1«< of t«timuliiii* them for coodiiions piwaiUni; in 
thr I'niled Statm, in trrm* of Ihr rramlbt rom|ril«Ml hy 
Dr. lungwort hy of ih* Uniird Statoi l>partnwmt of 
AicriuuUun-, aa fotlown: 
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Williuul diti.vinit, in i«i> »».«■. t\w lni|«H-U»o. r wul 
CTfiit vr\hir «.f Miwh iiwliri^'t iliitn, nni' nisy fnmkly cl»«p- 
nnU- lli. ni iw t»(lH r in. «u-l l"i.r tlii« niu-.n it i» «iill 
nVxirnhlr to i-h.^-k up llwlr liuH'Ttli.tnH. w.n-iif\i.r immmiM.-. 
hy <lin^'t nicamin-nii'nu *»( Ihe i'imt>c>- trMinfoniiuli-ui^. 
NumiToii* r^Milu nlmuly «illn-i«! tiy lhi* niclliLxl <i< 
invr«liKiil*>n lm\v civ.'li no o.iiwinn In qiiratinn llm 
Ciwral vnlUlity nf thn "i<l»n«l»ir<l!c*' wl l»y tlx. \t*» sv- 
<.ur»l«. Kt*»iHli. »l m< llin.1. TIk- Uliatl <if Mich ni. lalM.li-m 
«tu.iM-» ii of inrli. uUr intiwol l»<T»lw it wjw niniliirt«^l 
iiihI. r llw. mrdtlitiiM of «<>fk Ihnt n.|«i'~i>t in «>m« 
adi'fiiiftli' way Ihr ilnily muwular iwrfcirman.'if. of llw 
|mt»>ii* rtinmHrnwl, 1 Tli" rim nu ut'm <«nulii<'lr<l 
■n Ihr lair>- rrepiraliim tt|.|.annn*.^ llw plij »i..l.igw in»ti- 
lul<. nt lh.. t'niv.wiy <if li.-lwiiKror. in KlnUo.l. llio 
■ iul|.ut «t the cuhjii-lx KiiiK <l< l<-rniini?d 
.lurinii imtkkN «rf rc»t niiit . Iuvni. i. fi4lir- wiiiily, nnd 
r»l< iil»l"l into liTiiin uf ••im tri .•..nhimn»l Mukinir nn 

allDWnn f IN I- I ii'nt f.»r Hu- nlinu iilary wantn .it toinl. 

Ih. (rn»w n'«ull« w'. iv ih f..ll.»wH: 
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Till'"' illt<w.«liiiK liltiin-« ll. il otilv ifiv.- nn liin> 
i-.-.t.lirtiiii'1'.'i i»f «li«- i'M. -i'..- <l;illil»nl <I»ti\.-.1 \*\ '.->s .lirr*-l 
rm lli.Kln i>f lliv.^lienluiii. txil nl-» Imnir Hit" nnni.itini.-, 
,l.*r nli.'f tin- k-nai .lifr. n.n.i> il<ui lit- v:.ri.,.iH inuhM 

IVlwl »M'.-i||Kkli..U* tfllllil. Sll.'ll f:.. I . ll.^vl 1.. ht- (3V.. II till" I 

.-i.|i.«iili'r»1iutl III ini.litllli.HLH in wIin'Ii tlw inmiil.-* nrr 
ihkIkii. .1 l.i »'«ri in. lllilik.- a» l..« kk.'. |.iuv « i.ii.i» nn 

imv tiBliil. Juul *.»»l. l...|.|.illl! .<r olli.r (..mis A hiir.l 
nijiiiial In. hm- i>» Ik.' "Ilirr. Sin Ii llifiir.k iln.ir Hi. ..(.- 

vnimx [ili.VM'ikiKi.- i.ij.l>li.-.- -if .lolinu" "Nl ml |»h/i»>iw 

A |l». ..nil.- r;.li..n I., nil ..f ll" |» MHl". .«.|«'.'il.H> »'i.'« 

. Ii"..'.- .. r, >lri. I. .1 ..r |.r;w l.i-H|[> im|i...sil.l. . Kur- 
ilv, riiii»ri . il si I.I 1" n..iMl Hint t .»-■ "InUi "' l»" I'iiu.kIi 

. |»,.l,.r <; u.,.l llii....lklu.« J « l in.-i~.-l.uw i. "I" t .11" 
K.Jil..iiJiii«r»l>t»l». >" m «. fl.lU IHT Arl»-.l. «k»i..l..i Atr k f. 
Flnulul . I»H ml, IIK 



phy sauluKistii on- liun.t n» an cicht-lMMLr workinc <Lay. 
Any Uii«thrninc nf thi« rn'riml muat nlTrrt llw «xp<>Ddi- 
turo Item rfimwrtwl. 

It in iraposiihlr lo drliYininr fnim llw i>tir<inry nUulin 
that lfca\-« hw4i nuulr a-hrilwr llw wnlr <4 living or 
"utandanl nt llf.." Ih iwtuallv inurli liicIxT Iwn'. a* lian 
Iwm-ii awwirliiil hy wnw, iliun it i« in KiinM* 1 - tin^ Ainrri- 
<-mi anthnrity, thr latr I'mf. Atoati.r, frankly hrlirvrd 
thnl, ooiwidirine tlw l«xly an n miwhiim, llw AuiHrtran 
wnrkiujfman c< iiiirn? Miminrly Inuil anil lifti a Urn«*r fut'l- 
impply than hi* Kun.]M<an W»tlirr. Whih* it Ih nnt aliwi- 
luU'ly prnvHl, it ihk^ir in Ihr liigh.nt ilii^tw pnihuhln 
llwt tlw hielwr utanilanl nf llvine. llw twitrc nuUiUuii. 
llw lunfi! ihtikIiii'I i>f lnl«ir. and llw tinrli.T wac«* K» 
Ln|?i'iluir. Tlw jurit.ifl.'ntinii fnr any pmpiMPftnda in favor 
of murn lirwral utaodunU fnr <li*'larit'<i in a nwaKuri' 
nn Ihr trulli of thin hrlirf. And. Htivakiiic a»i.lo fnr Hi" 
mnmrnt, a irlamH' nl tlw fiiriirr* which wr havr f|unt«^l 
tlvrius that llw i.mvrirl.ial kiIvhk. In "miml imp's I 
aiul raw w.i.xl" ciiiaibi iui nwdiuvrv ncrfnrmanrr in I 
of ttakirioji jvr ilay. 

The llim of Guam haa rormtiy hen -ludw.i hy H. <'. 
Mi'ttmgnr, nf Ihr Philippino Hurt«u nf rn-it'litv, whn. in 
addition rn tlw jprv-jnwn* whwb bn look bark to Manila, 
prrwntnl llw «liia»n aerii uluiral rvrwrinwnt »ialinn with 
an lwrlarium n.pn«-nli w Ihr ri*ull« «t Lib r,.lhH ii,.n» 
in thr Utand. (hw gr-mu and about forty h|nh .,.k iww to 
■ arr iiwUid.«j in tlw < 



Wi win* to ctl. attention to the fart that « arc In a 
poadliun to render ounirwtent aervlcw In every branch 
of patent or trad»-ninrk work. Our tctnff In cuaii»."r.J 
of BKCbanleal. electrkal and chemical expert*. Urar- 
ouichly tralnid to prepare and prosecute all patent ap- 
plICaUMui, Irrenpect.re of the complex natnre of the 
•abject matter Involved, or of tbe apeclallxed. technical 
or aclentlOe kiwtvt«dge rwiulrod Uterefor. 

We aliio have araoclatm throuirhout the wnrtil. who 
aMdnt .n the prnaoevitlon of patent and treite-marlc ap- 
pUcatloUB flled Id a), conntrkra forc.cn to the Uultad 
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I 110 in* attach much villus to .ledhrtlum- 11* to im- 
probable ramlltiouN of tlw Iwd* Iwlow *cu-]cvct made 
fruin ob*erved condition* at-uvc the sen-level, for the 
eon*t*iit inovrwcut of the land wulcn, frulu llw hlgh- 
0*1 level* to tbc point* where tlwy are dl*charKi-d Into 
1 lie oca, luu-rt produce wHKlrillwd draiuntie rtmniioh 
underground, which need not u«v»»arlly exist lit 
<lc|dh.* where there y Ik- no »iliri Pip 

Sttll. it* murb Jul* been made, e*pcciully by tlw 
French engineer*, of evidence derived from laiscrva- 
lion* lu the sum-* from which water I* <ll*e|i*rttoil on 
IjiimL I will aire a fi-w fact* relating to llwui. lu 
Fran.*- water may 00 *ecii to How In ninny place* fnsu 
tlw lower lied* of chalk, wlwrc they a|«.*?ur In llw 
cliff* between Ksrallrx unci St. l>ot. I saw water ftow- 
liut lit the very Junction of the lowert boil* <iimI the 
im-ciu-and. There are houw large ttprluc*, near l$Hcatlt*v. 
which rut tlM> *«-ti«« iH-onaijHinylntf tlw Kreni*b rci*>rt 
(1n77> are xhowu ut about llo feet alnne tin- iipiwr 
jtn-emmuit. The section slum-* Lydden Spout in Kuic- 



kmiwu *prln«. on Iho const In-twecn Folkuduiw and 
I hirer, hotui-* at tlw top of tlw sit-rullcd -«.a*t 1**1," 
about thirty-two feel ubove tlto upper crcciiHuiid. or -W 
fevt shore tlw jtuult. Therefore, If this cvldclu*- Ik 
worth •nvtlitiij; It »h..»* tluit, on the »'reiwli «nlc, 
witter might l«e met with Isncely. <IO feel above Ihe 
irm-iwnwl. «iu) on tlir Kmfll*h *lde at only .t: feet 
nlwve It. Thu*.. If tlw evidence fruin the iieniK'iihim.v 
of tile rtratii on laud prove* anything. It U that a 
tunnel driven In tlw loweit beits of l imit mu*t wine 
very rwnr u h«l from whkh lurje nfirinea are dls- 
.htiriml 011 UiikI. and thnt It would pr.4.iil.ly have to 
paw* Into tbU bed. 

It ha* not only hero iwsrrte<l thnt very little or 110 
water will lie no t with In the Juwe»t liedn of thnlk. 




hnl» n« to mil In- It lui|>ruitlniWe to tunnel ihroiik'h 
llieiu. Ijtrye nuiitl^'r)* of well» ltave Wt-n Htitib all 
over the country, and n4her exeavilticiu* liave iM-en 
mnile at all il»|Khs nml In nil part* of tlw ehalk forma- 
tion, for Ibe iiurpnne uf oliiainitiie water, and our 
knowlrtliin of tlir ramie In which water oentra In that 
forinntlon bi fairly c-om[.lctr. 

Tlw followlliK lire. I hellet e. well wtahlh.he.1 facta 
on the isitbjeet In question : 

Solhl cbulk ulKnirhu a lanci- auiount of water, lint II 
|wrt* with It with evtrenw wlowiiewi, no tluit It cannot 
lie Hold tu be truly iiemuwlile. It In only from the 
fluiiun-a which trnverw ehnlk fnruuitlon niul from 
cvlthw found aloim IU pJuiwa of rtratlDintlon thnt 
water can lie oluLalnrd. At u variable <le|ith IxHow the 
aorface <tf the latwl the body of Iho chiilk h wturaletl. 
iitiil xueb flHHUreB or cavltlnt an may oi-cnr tlwre are 
full of water, not Mtatlonnry. but idowly tlowlnic from 
tlw dlalier ground Inland towurd the river valley* 
nod M-u*lHMre. where the water can find an outlet. Thin, 
there In a circulation of wider uudernrouiid K't n» 
tlwre Is ubovf icround In other 
Moreover. a» tlw ftcreiiniH nrwl 
fai-e are Indein'udenl of one another, mi are 
K round rhitlinrN in tlw chillk. 

If In escnvatlnc the cluilk a Onxure h< cut acrnaa, a 
certain supply <if witter may lie obtained ; if a aerond 
ll**urc l« nil throuvti, n further hii|i|.1i mar be oh 
t»liie.l: iiixl tieiumtly It will Ih- f.und thnt. if water 
i* |xini|w,l from one flsnurr, It d<»« 1101 Immediately 
dimlnl>h the flow from adjoining IlKKurc, 11ml In like 
manlier. If the flow of water from one Unsure lx 
checked, it ihw-* im4 m-cejecarlly InrrciiMC tlw flow from 
tlXMe adjoining. In eounie of lime iowerliie tlw water 
hMet ut any Itafure will affect tlw wnpply to adjolnjiix 
ll»Miirei>, InnMnnnh an all druw ltn-ir. a<u>|ily fr.uu the 

"ii saturated uu« of chalk: but a» a 

of the nlowurm with which chnlk iflve* up \tn water, 
■mil's* Inert? Ii direct cotiiitaunicittiun Intwcen two 11*. 
Hure*. o|H*ratloiin at one do mi< generally tifTort tlw 
iitiirrs. Kiiw tin* properly of tl» chalk l* of tlw 
itn-iiU-wt liii|*»rtstiiv in nirryiiiK out cfiirlneerluj; workn 
whh'h rr^juire cviuviithai* 1*1 tu< miide tlirouich the wa 
ter tMirlnif level* In It. fur It enable, the cnirllwer t„ 
deal with the water iu deUiU. Fl»ure 
may he cut throtiirh «* lonj; an the water 
lie-Ill leuVew II hlirllclellt mantln of unn; 
power ; a« anon aa tlw yield of wnter become* *o erent 




n* to dliuliilxh thnt iniirflu uiiiluly. *.nuc of the ti« 
*itr»*« nmy !*• hloi'ki*! up with Utnimrnry or |*>riuiiiietit 
work. Thu* It will be *reti tluit. In tunnclini: tliMuuh 
the chnlk. a tery larite Volume of water mlulit !»• deait 
with if it eutereil tlw work by *elmrale chliullel", A 
VtT) Inrite laaly .d water clit-Tlll>! ill mie l«>1nt mlsht 
(five trouble, ami I "liall ainmllintly M-lii t *»ttiv fael* 
from the very Inrite mtiitl-r nvalLnhie to *him tluit 
fritll no obi' ares of chnlk. even of c..ii>1i1eml<le •■xteill, 
mncJi h*** from one li**ure. hit* u mpply of water lieeli 
<U*rlv<«l lancer than could Iw easily dealt with, or which 
al nil upiironclw* the volume* which liave I 
with on work* coin(ileti*l or now lu iimnre**. 

At i;..|.l»tone Hottom. .am ol the pmnplu, 
ol the llriicbton Wuterwurlu*. it ^renter uiuuitltj of 
water wa* ohtitlmil tbiin at any other liH'allf.v known 
to me when I itenll with till- <itir*il<ni in n imi» i' rend 
at 11 iiu-rtliiK of Ihe Itrlli*!! A**ociatloii ut Soot luuuptim 
lu 1*0-0, Mr. Ku*teii. the l*-*t uutliorlty on Hit*- *ub 
itcf. klmlly furuUlMil ue with *onie inrtb-ulitrM ul the 
time r»«|»«-1lni{ the»e work*. 'lUere were cuclnc* nt 
<ii.ld*toiw Holtoin niiuilile of rnl»lii|t .H»i.i»«i italloti* an 
hour, or .1,1*10 jrallnci* a oiliiute ; liut it wn* ncce*«ary 
to i)i*l- 11 leinrth of Kstm feet of tniiuel* to obtain the 
nt|Uin*l *ll|y)dy. lllene were at riltlit uujjtcri to the 
rl**lirii*. whh-h there, 11* U *ti often tin- in*e. Were nt 
riitlii ntutlw to the nllore line. At Lewe* llmid. ul»4her 
liricbtxin inunpluc stntion. It wn* Knwirr In drive 
i4<Ki feet of ttintwl* to anjiily ]vuni|w. cn|mbte ,>r lirttii* 
USO.OtNl Eallona an hour. Mr. Barton then told lue. uml 
till* 1* th« Imiauinnt nnh". water lu tine* 

tunnel* wa* under ctMuplete control, *o that niiy one 
ol t lieni could I*- laid dry at any tune of tlw year. 

A work which tinted to the fullest our puwer to 
tunnel Ibruiurll the wettest iiurts of the ebulk wn* 
the Itrlithton liitenvpllni; »i-wer, for which Sir John 
llnwk*luiw wn* the engineer. Hi.- inn 1 11 newer li more 
llmn M-vi-n mile* Iodic Tlw outfall i* placed 011 the 
ei*i*t nlHiiit four mlb?* to tlw rs*t of llrlshton, uml 
IhruUKhout a dlrtaiKT- of four iiikI n Intlf mile* a tiin- 
m>( frnfll H feet to In feet in diameter wn* exenvnted 
In the up|ier clutlk iiloli|? Ihe bn*e of the elllT, and 
chaw In the plHire. rhdnit below hiuh-watcr level, it 
.•ut through all tlw fl«ur.'* which dbwharge tb.. dniln 
are of a lurire tract of lirtsnd chalk ixninlrr. |jir«e 
ll**nre* were i-ut tbrouxh. which 1 had frettiwnt np|wir- 
tunith*. ut ln*iweting. iiud, moreoicr, of *i*dug the 
l**rmaiimt work miLwwd'ully currie.1 ai ro-e* Ibem. The 
)crcnri>*t ipninltty of water pumiied ut .«ic time wa* 
Ui.txal icnlluii* a minute, or tKHVHW an hour. Many 
other etnmidca miisht Iw tfrcu. i,*jk- of uiifch later 
dale, but none »<i *tnkln B a* tlw nl-.v... H may be 
urw*l that, by eulnv below tile letel* readied by the 
ulmve work*, more wider would hare r**>n fmiml ; hut 
that by 110 mean* follow*. The HrhEhtoh newer work* 
mil*t liave luterre|i*i*l lno*t of Ihe tnnd draliiiure; by 
etiliiii ilcci*>r *.iiiie witter rtored iu entitle* l*>tnw *e«- 



* Piper rvtel t*f*N 
)l*lir.t l* It. Jeamrf. 



R.KVty of Art*. «nil pub- 



hut the rate ut which 
the flnnuren enn deliver It, nnd the rule ut which the 
chalk <*n >nii*jily tlw Ibwirea, wbleb we know I* ex- 
tremely Hlow. 

Fimuiri^i there are, or there have becu, nt all depth*, 
but a* III* circulation I* not *o rapM In the iltvin-r 
one*, they are more liable to be choked by *cdlincntsrr 
ittol i-i.i>tiillliu- det«..|i*. I Si p mUi.-* nre ofi.-n very 

A* an evumple of the water *upply otitiilni*! from 
di-ep down tu Ihe chnlk. we may take tlw *itHily drawn 
from the Ixodon liu*ln. Ittdow I*.ndim we bnve 11 
greut tlilckin^* of tioth the ttji-jier and Inw.-r chnlk. 
iimoiintinK tucetber lo more than UOO fiet in plinv*. 
A* till* chalk, so fur a* we know. r.-*t* In n letKtn of 
mult clay, and rlneo 111 colitllMKiU* 1**1* lo form tile 
hlRli ground to the north and smith of tlw l*aul..n 
IkihIii. it I* III tlw hot poHltlnii to Iw *atnriiled with 
wst«-r, nr*t *neh wn* the lYitidlllon twfurc it wa* uinde 
n-e of 11- a *oul\e id water Mtipply lor l*mil.<4i and It* 
iwurliliorfoMid. Aa Ibe *ti|>ply frulu tlw hlmllim well* 
Inn.le lu the lertltlry 1**1* iHx-ano* exhtiu*ti*i. di*'|*T 
well* w. r.' Mink into the chnlk Iwueatli, and witter wn* 

■ d.ti I In jji-nty. Kut the »<i|i|i|y *.«m <m*ed to lie 

r-|iial 1.1 the .1. -1.1:11. .1 ; the level nf the wnter In Ihe 
.-ti.-tik wa* ile|ire*«c.l, *o tbnt wella bad to I*, iwepeued 
and li-i-w mill* iiin-l*- to rut new ftsmireK. In l^.'L* the 
ipjiintity pum|ied iu I*.i*lou wu* e*tlniatt*l ut r^iNHi.tNa) 
ifnllous a day; ID the iniautlly had lucmaed to 



1*4 ni..i.. tli.*u i.-.hhi.«ii null..!.- a day. lu tin- iiwwn- 
t.1.1. lb., level nf tin- water in the i-hnlk had I* en di- 
|.re*«d lit sunn- i»liii*>M r*l f.H.t. Tim- tie* lurtfer <|unri- 
tllv iimld only In- ohluincd ill a ureJt depth, anil l.y 
iln-rcutUii; the full in 111.* IW-.ui-.-* ih-IU.-rlu*: the wati-i 
to the 1*11111-*, Now ttii* .liulk. from which only * 

llmit.-.| nutiply ..mid I .lnliu-1 nt a siren de|ith „ver 

u Inrite urea. w.i> .-..uii.* l.*l ..11 .ill hI.Io* with au nii. v- 
li.iu-!..| tywrv.iir. nt 11 mu.-li hiitlwr level, formed l.y 
the -jturnt.*! liui.-v.eA nf Hialk r.iun.l Ibe l/.rttdoli 1hi-.hl 
lllwl V*-t tin- water I.-. el III It Wa* ri*luie«l by II i.rtll- 
|mrallve]> -.ma.ll iiluoillit of ] >iini|rtria;. 

In tin- Severn tnniwl we pilui|«*I L'l.KO.litlil calloit- 
.1 da>-, l»|.v tin- .inuiitlty wlil.-n. when pin.,,.. I In the 
I...1I.I..I. l.ii,ln. lowered the level of the wilier iu ttn- 
laliirulnl .balk ."*) fii-t. The s..t.ti> t111u.1l 1* <>>.- 
I.ilille-.l railway luiiin-l In Kuitlaiul, iu all fi*jr ami u 
.luartcr lull.-* In l.iutth, 11 lei It 1-. the only railway 
tunnel vibi.'h -an claim !.< be -illuiuirln.- It |a**ei< f..r 
two mill 11 luilf llllle* I*- low a tiileuny where there is 
a ri»e ,.r tide „f 411 f.^t ,„,d n de|ith of water ol !«i 
feel In Ibe .lrol*-rt |».rt <.f the .-t»i nl.i-t*. II |*i*-*w for 
a .-..i.-l.l.rul.l.- [.alt of It* leiik-tb Ihr.iuisb the Irlnsclc 
r»*l marl, nbi.b hu* many |*ilnl* of l-4Meiulihll**' l>> 
iluilk. The marl, wtib-h lie* in horlKontal Ix-tU. w*> 
mil. I. IU>ni..|. and from tbc-w Hxminw, n* well a* from 
tlw hpn.-i-* l*.|n«*cu trw pLui*.* ..f lM*]dfu|C rjiucb wal.-r 
wu* diH-hnrinvl. 1-V.r »olne dl*lanit- nt the HnitlUli 
end .d tlw -ubmiiriiw imrt of II*. tunnel there I- only 

Ito r.-r-t to IU fl*-t .d tbl* ,.|»-li-joll,ted nil luurl al«ive 
tlw brickwork of the tunnel. Salt water ttowed frwly 
Into the work, nud to show Ix.w Ibe water .-lianuil- 
ilre dl*i-imm*-li*l, *alt and fn-.li water luive In Mimi- 
1-11-4-* flowci from udjoluiiitt ll*-ure*, uml llw ft**h 
water was nllnwed to How for driukin-.- |iur|*~- 
tlimititlt pl|M-* built into the brickwork. Tlw l.triti-sl 

■IO...1 1 1 > ..f «,il.i ,ll..l l| H . h.iB.-| f|.rl.. k - ...«.• riu-l Willi 

III the bind |»irtli.|i of tl.t nun... I Tin- -prtng refcrrcl 

t. dL-iuireiil r..<»*i itnll 11 minute, nud bund ami- 

«l«.|)ly Int.. a li»*niliiitc wliich bad l**cii ilrlven for over 
l.f«Hi f.>ct lu mill-done irrlt without niec|lni( with mi) 
water. If the lun. Unit Imd !iei-n driveu at a level ••( 
in feet lower, tlw -i.rli.it would have I*. -n uvoldeil I" 
Ibe bending-, but would Have i»hh met with whrti II 
wa* enliirKi*! tu tlw full «ile of tlw tunnel. 

Kroin llw cxnuiph-*. I luivc -jlvcn it will tie h»*'U that 
eiiKiiici-riiiK work* need nut I*- *i.i(.|h*I. even by Inrar 
•lunutltie* of wnter, nnd from what we know of II*- 
tllalk slid II* wilter-lM-urlng .|Uatilli-*. there i* tiothlllk' 
lo *lx>w that water would he nn-t with til -Itch Inrite 
iiunntith-* iiuder the KtiKlish fluiniwi a, p. mop tunnel 
Inn even In tlw iiM*'r chnlk wiih Him*. 

Aa uln-ady raeutlmieii, n tutinei from Kan Hole t<i 
Suncntte would he an.s iiiIIch lone, nnd 1* pnirtkully " s 
"hurt a line a* cnu Iw well obtained. It would la- In a 
•Iruieht line, with S'.i.ll.-nl- ll\(«l liefureluinit, riinni 11 -.' 
wholly In IIm- u]i|«.r pnrt of the lower chalk without 
Him*, with an ample ilil.-km-** of chalk above and 
l«.|<iw. and 11.1 fear ..r ruiiuine out of It, u» would 1* th- 
en*., iwur the initernp oil the folke»tulle route. K I' 
were worth while, the tunnel c.mld he made from l'» n 
Hole for three quarter* of tlw dl»lalice in the |owe*t 
1**1* id chalk by curvlne tlw line lu the *outhwaril 
after leavliie llw idiore. bid II would lie ..iw and a hu" 
mile* lonjn-r. 

The *uhiniiliiw ( wl 1.11 Ihe Siiak.-*i«.nre I'llff l ,m ' 

v.oul.1 lie iibout tlir.*- mlte* l..n«i-r. 

On the Kun Hole -MaPKiifte Hue we kmiw t 

Is Inly tluit we Mnlll lime n verticil llilcl, !,.•— of *»m'' 
r*ai f,*.t of .-hulk to tunnel thriHiuh. elvine alwut ~*' 
fi-et at>ovi. and nliiio*t 11* much t*-l..w the center Hue ot 

Hie llilllwl. Alone tbi- l°olke»l line then- i-uinnd !»' 

inure than 'Jnn f.-ct of cluilli. nnd that Ihl.-kuc** 1* u " 
eeitaiii. 11* Ihe dip of the chalk and 1! r.*.r.H i ,nd from 
outcrop I* 1n1r. lv ronjn-tiiral ; w> Dull iieitli. r llw gradl 
em* nur llw line of the tunnel can l»> lived iwfurehaiHl. 
iiimI the maklnjt of It will |.. rl*k> uml i.ntiiil'e from 
beelniilne 10 el.d, 



1 llui»? I hate shown 'lie ihii.yi-r of lr. intf to 



feel 



one'* WU) lillli bui-ln^H, nnd u *er|* -utliie tiiuti.-l lul-t'd 
ill .III) lluw I.ild into dllllcilltlc* 

Tlier.- I* 110 dlinoiilly or iiiuncliue In l.e.1* cv. n of 
nni*-r chalk *atnrat«*i wlih wnter and Tull id o|*-n 'I"' 
nlire* on It*, luiul. Wh) *tiuiil.l 1111 eriirlneer 1*' afraid 
nr tiimi. Unit in Ibe n|»i* r K-.I* ..f rlw lower chalk uo** 
Ibe neii wlwre oin-ti flmnir.--. «re not *u llkel) to be ***'* 
with? Ui*n Il8»uret. will form utiihr the *ea UM 
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laud. If uu outM I* provided mid time given hir drain- 
ing Hi- saturated flu Ik. The slim II runs of «il«p I saw 
III llir French works lu llio luwrr elm Ik could out have 
i-xlntrd nllli. .111 iiik'Ii fissure-) extending far euougb lnlu 
Ilk' saturated chalk lu suwily Um. water Uowlng from 
llMim, ami an the l-lliii|-lng goes on undcrgmuud close-d 
ll-u<urcn will | »■» out aud Ibe dlacburge of water will 
increase an larger areas «f saturated chalk are expoec-J 
.hi tlx. nl<b-s of the Assures. 

Whatever, then-fore, may (mi urged an lo the advan- 
tage nf trying to follow llmnc lowest beds of the chalk: 
•♦rar Um* outcrop on (lit? Sliaki-niH'iire l.'lUY mute In older 
lo mold water, wbirb ut tbit la-ai 1m uu uncertain advan- 
tage, would In? more than outweighed lo some very ob 
vlnun and tvriiilii disadvantage* and evi-n -nH-lifi'c iUii- 
gcr* Id altenipUug lo do no. 

Tim nrgunmnta set forth nearly Jlft.v yenr* ago for 
making the Chuuucl tunnel In tbi> bod* of chalk bold 
IPsal Unlay. No new facta, have conm to light. Nome 
-.hafts have been Mluk ut iJovcr through Um chalk lo 
I In- cuul imuiici In some of these miich wnlcr wan 
met Willi, In some Utile, which In whttt could huvi» been 
f.iri'told from .mr knowledge of Um chalk. 

From other cuiiac* rli»- m of making and of work- 
liul tin? tunnel baa Ikhmi reduced. Wii have no longer Hi 
l-rovlde for Urn n-umrul of the large i|iwiiflly of car- 
Imlllc ili hl gil* which Un-i-imitivi-n |.r.«lini. Tim traits: 
mil Is- norki-d elect rtrnlly. Ill addllliill to I Ills, ulir 
knowledge of tunneling I'.V lime-bines through wuler- 

Imi increancd by |>racilce In Um 
the Tliuumn ami for l lie lubr 



gtimcr, not only lliat Ibe lumml could lie cuii-ciructcd, 
but an lo lit* utility uu regards trade and ctMiiim'r-cc, and 
ut tin. Ini|iilry Imld by Um Select Cuuiuiltlee of the 
House of lairds mid Cunuuon* lu Is-d cxpn-a-anl him- 
aelf to CIUh effect He win prcs-ssl very much by the 



»lrui'llin of Ihe lumml would he a source of danger to 
the nation, iiml while asserting Unit Im hud cmiaktleri-d 
Um tlllilml fl-nui un engineering and ciMarocrruil IKiltlt of 
view, lm uiiiliitiitimd lliat tlm <iim-*tloo of protection or 
<li.feii.-v wan one for the cuuslderntluu of Um War (Mile*, 
w lm liad alreuily. uit 1 burr nlufr«|. npnolnted mof of 
ll« ..Olei-r. to vl-lt Hove, v. lib Um object of «;.vbllly 
iv|«irllhK uiiou the i<i*likia of the entranev uml Um |iro- 
tiH'tluu Ibut lulrbt Im* eim>Jili^wl inre7«wiry. Oouhc- 
■Itmitly, atter Um re|«irt of the Setect (%«inulllrr lliat 
II wan not cMicilmiil lliat rjirlliimciitary nnimtloii Mlioubl 
be Kivvn to a Miliniaiiiie invniinunlcniliiii betwei^i Knc- 
liiml ii Ml Frtiixi'. the whole iiimxtuiD nun iiiitnrally 



All Umw> who I.hhV Itorl III Ibe Imialry 1 lkave nt- 
lelli|ile<l lo .lew-rlU'. Ulnl In Ibe Inrtili'llln It hHl to. el- 
«1illniC mywlf. bnve )ui«ihI awny. | <in | Sl.ltirl.Up-. the 

ehitlrni mT tlm rirnt rnmiaii)'. wbo wun tlm Nrxl Imy I 

facved for ut Wi^«iuilii.-4er Srlum] nlxty-thrw yearn ujto; 
ihe dlni-tom of ttu- orlKliial t.'liiiniml Tunoel I'muruny, 
•r, Ilranhnw, l^iw. uixl Kd. >lni^ 
of workliyi lu niiierchansiKi 
chnlk »a» iireut ; I my uimI ToiMley, Um jconlnglxtji, ami 
my old frigid, II. M. Ilrniml, wlm ill.l nuch itood work; 
l<elllii«tiuni. our ilullrlii( **relury: llrunton, whoin 
clever uiacliliie would luve doim the liinimllux work; 
Ibe mnlrimtora, ItruiM-y and Wyllma: und tlruiaplon. 



who cxpertincuti'd for il» ou Um. tranmjiort of chalk Id 
a fluid stale. They are all jfobe ; but If a Cliaiuiel tuii- 
ocl U iiver made tbelr work abuuld not be foricottcti, 
aihI e«|iecliilly Diy fallmr'a, on wbimo Judgment tbey all 
relied. 

Mr. J. Dutnou. utter readlaji the paper, Mid : "Tlwre 
are Ju»t u few rnuork* 1 ahould llk« In nuik« In con- 

tauuei, wlUch In aealu before Um coiuitry. Aa a matlur 
of fact, I wns brounlit up (no tar aa the curly nart of 
my profcmloiia] cureer wux cuimcrued) lu tlm very ut- 
iuwn|ilH'rc of tlm timiml w-hwiw, having bud Um |irlvlk>i^i 
of nervhii: Uie luat year of uiy puplluiee — ItttH and 1SI15 

uitli Mir Jobu !!awk*liiiw, and Tor tweuty-dro yeura 
an turn of bis usslntant ctiitlime re, until I becaue a |Hirt- 
lier of Um Urua. 1 weJl renieuiber tlm pre|«ruliuii of 
tlie iiirly milA of plau*. eaeli M-t eiMiaUllcuj of llvw. lu- 
ileed, there were natm 1 *!!) no tuany setH to umke tUat 
11 Meemed ut Um time aa If we bad tu do with uutblui; 
but rbulk. Tbu mriouu wan roni|illiHl rrom Infurtnuiloii 
HUKilleil by Mr. llartxlucfc May to wlmni Mr. Ilawk- 
ahaw refcra, iiimI la aluimd. u« ant Um iitheTa. by John 
llawknlmw, Jau»»t ItrunleeH, niHl WIIIUiul Low'. Tlm 
liluu lu Um Cliaiuiel Tuiilml Coiupuuy'a publlcutlmi of 
I N^^'tnlMT, 1U1« bi uu exac-l n-tiri«liu-lliai ncf tbbi plan, 
but ulllnnil tlm nlifiinturf-i Now I Iblnk weareiuimh ln- 
iM.nil to Mr. llnwk*liaw for lirliuxluc t*fore iia Um 
early lili-lory of Uie work done by Mr Jobu with re. 
Bard lo Ibia israiul eutenirba-, which we all cuiuudeml 
w««. and would Um grwu work of bin life, for It la 
not well to fortel those wbu have boruc the liordeu and 
brat ut Um day, uod oxpcclally the oiw who was Ibe 
first practical Huuevr of Uiia acbenie. 

"There are Jitat two pulnts In Um laiper lo which I 
sbnuld like generally lu refer — cuustruclkiu aod prolre. 
tloii. Klral, as to the construction of the tunnel. J4r. 
IliiwkMliaw drawn ulletilloii lu bin 10|nr lo Sir John s 
evidence before Ihe Joint Committee of I ho lanrda aod 
l-oumoua m when lm Walo.1 Ibut lie had nalLUk^l 
lltuvmlf us au elujlueer that tlm tuiiud cxiuld lm cimi- 
Kinuled. llut niwn referrlug lo tlm minutes of evi- 
dence, I ubco ttud this aiuleuK'bl niude by him— u state- 
umnt which should rii a lonj; way to help tlm CbAUiml 
tnmml forward Unlay ; If it Is desirable that the luu 
uel nhould be made. 1 should be wllltuK to risk my wpu- 
tutlou If 1 ii hi aaked lo imdi-rtiik.- It and lo uiake It.' 
Now Ii nlMnild lie reiun'mtiered lliat Ibis statement was 
made In the curly days, when liiinmlluc was very dif- 
ferent fnau what It la lo-dny, and before elw-lrfcral 
wi»kliiK naa profaned or IboucJit of fur Inn railways. 
Mr. Fell, the cbulrinan of tlm llonw of t'omniuim Com- 
BilttiM', to whom we lire much Ibdebled for all he lias 
done, und U iMiit toward the furtberunce of Ibln great 
«elmnie, In hla valuable )«|ier recently rend before tula 
Sia-lely. drew alieullou to Um fact that In nothing lias 
trmiicr iirucn^w bonn made in recent yeura than lu tnu< 
iml bulldliut. and tbix la imrfectly correct. Tlmrefore. 
If Sir Jobu llawkabuw. In lIKi. iniiue tlm sluteumut he 
did, bow nnir-li mure coiiQilent. uwIiik to thcae ffrcat 
cliaiiie<-s, wiaild he lure laiasi tn-day lii his ability to 
cwrry It not. Krom the (aiper It la, I think, rlnrty 
nliuwn Hint oim of tlm itreut inlnta lu Hlr John Hawk 
alum's mind was thai the tumml. If built "bould bo lu 
Um lower or grey cfaiilk. I um sorry lo aw that the 
priajaxmd tnnimU do not folluvr the line laid down by 



Sir John llawluihuw, bccua<e bU line tsec map 
pu«« IU) fur Um UKKt ]airt woiUil inaa tlirointb a lliU-k 
uess ut some isu feet ut cbulk prucUculb lu the center 
of Um mime, while luul luUl duwn by tlm present udvla- 
lug eiiglliecru dues not appeur to secure the udvaiiUkf 
of so groat a depth of jjrey cbuIlL Kecund, aa to Um 
prutwUuii uf the luuuel. When the uiMMUio of protect- 
lng the tuhlml came up In ISsU, we who were Uieu Mir 
Johu'a aaabrtant engluivra, used to i 
how we would get rid uf the invaders, and I 
feeling wiut that the best way would uv W tlood llieiu 
all out, and It la certuUdy luterestiug tu Und that Sir 
r'raacia Fox, 1» opeulDj; the dUcnunlMi ou Mr. Fell's 
|ai|«r, suggvHia Um suuie tuelliod of prolecUou. It la 
true that placlnK Ibe eutrauce under cover of the guns. 



lis wuuld have ueuut wbolesum 
slaugbler, auch as would result from u >>ulHiiarluv at- 
tack. Here agulu we haw a proof that aa Hum passes 
things change, fur better or for worse — and cerlaluly lu 
this cn.au fur belter — for today Mr. Fell has clearly 
iJuiwn us m Ida isipcr Ibut there will be no need to pro- 
tect tlm tunnel cither by liruig or Hooding, twraosu Um 
Freurh, to unitary our uillltnry autlmrltlen, have agreed 
Ilia I ibe sule power-station shall be on the Kiigllab side. 
Now, what dues tbla aicunr Simply that, by ouuviug u 
lever Um wbule ot tlm power fur working Um traffic eau 
lie stof'ped — temiiorarily or |a*muiiioiit ly. Much was 
wild a| Um Jolut (.'ommlttvc lu issa aa tu the national 
cleumnl of danger vrhlcJi would arlav If llw tunnel was 
cuiutrucled ; but Mirvly If this la su. ouly addlUonal 
prveautliMiB are uecessary to ooouterart tie dancer, aa 
Is Um mm In every Improvement where IralUc la cull- 
tvriHal. To Illustrate my umiuilug, take llw Umduti 
trutllc, aud let ua look back, say, Jlfievu years. Vie see 
tb» old four wheel cubs, lumsoina, and 'buses. Now, 
K|iewklug for inyaelt, 1 was thrown light out uuce truu 
a hnnaiua. aud uikw tlm luiuuua was overturned wUh 
me lualde. In both lusLaucea U was found the umu were 
sllglilly Um worse for drink, and It, uiufurtuuately, waa 
not a rare thing tu Dud drivers In that condition. To- 
day we gu by mecbjuilcally-|irupelled vehicles, which 
carry ua ut least twice as fast as the hauaoins, aud lu 
the midst of traffic which la unonnounly Increased. Can 
we cxpiaMj to do su without Incurring extra rbtk? Yes, 
we du. But win V Ilecuuae, ami no one eau fall to ob- 
serve It who will Hike the trouble to du so, the moil 
who arv ilrlvlng tlm lueclu ideally pn>|a^ml h-IiI.-Iit uiv 
u Iota II) different class <|ulck alghted and eimrgetlc, 
aud men who, ua n whole, ure flrstcbtss drivers, and I 
lime ueier aeen uue ibe worw for drink; while the ef- 
llciruiy of the police III the control of I lie iraltlr— ul- 
»<>> giaaj lu Ihe uld duys— la lo-tluy, with this euor. 
mously liicniiaed trathc, iwrfecUy wonderful. Tbinrcfore 
II u obvious that any supposed Incrramod ualrunul dan 
ger. on lug to the euimtructluu of the Cbauiml 
can laj mluliuliual by iucreused careful aiiimrvlslou, i 
If. an I hm^'larlnled ihiL, by the luovcumiit ot olm 
Ibe wlmki Ira Ibe oaalil be alupiwd teuiairurlly or |ier- 
inaiieiitly, ii ud by the moveiunut ot uiiotber tlm tunuel 
txiuld be cuUrrly rinsed, should It bo imfiakmred Ueces 
«iry, Umu Is It tu be supiawed vre cauimt depend u|N>u 
our umu doing aocli a amull Uilug aa thlal Siirely eveu 
the thought la absurd, for if aucb were Ibe case. I I 
we ahould deserve lo I 
this may never occur." 



Radiation and the Atom 
Sir J. J. Tbaamaon's lsveatigmtkan 

Prop. Hia J. J. Tiioukoi, O.M.. presldrnt of tlm 
I'byalcal Sis-lety. ilest-rlbcd. lu the l'n...|~IWi lailaira- 
t.iry. to tlm iimnitwr* wbo vlalted Cauilirlilire mv-nlly. 
Um Utest nmilts ot the rx|» rliimnb. that be lia» Imi n 
luiiklug on tlm prialiirtloii of very nort Ibintgeii radla- 
tlon. with a vii-w of limwtUnitluc Um prti|s>rtii^i of Um 
atuui. 

Tlm n-mnn^lms of llonlginii anil Ilia pupils, lm said, 
hud always connm-tinl up lli^it Willi elei-trbail waves, 
or wave* produced by wjiat lie might cull nmcbiiiilcjil 
uuaiua. There was a 'slight gup Is-lwien the well- 
known rial radiation iiimI Ihe -liorliml el.n l rmu I wave 
ttuit cnllld lm linnlllinnl by tlm ordinary liivn-lbnllliwl 

lueaiia. 'Ilie atmly .if Itoiiigeti ruilLntloti liad enabled 
llmin to prove tin* existr-luv. of two nr-jairate Hugs of 
elci-truna lu the ntoiu. one Inahle the oilier. The one 
wus respounlble for what was known us Um K kind 

The L uliiiruclerlntic wim so nuch softer than the K 
that If the rale of iwnaw in «ifim--« was lu itiiylliltig 
lllm Um name |sn«i«irlli.u. tlie mdlalloii fr.nui u third 
ring wiaild inaum well wlUilu tlist region of radiatlisi 
Which at |nri"aml bail ll<it Isn't) sludbnl. If they einu- 
luumlinl a rimlliinous nerli-a of raiHiiMotia they wonild 
lm able to see Imw many ae|inrwie vibrating syr-tems, 
bow many rings uf elnalrous, Umre were Inside the 



other, ami, more I Ian thai, tlmy wiiald be nble, by the 
siinly ot Unit radiation, lo gage tlm Dumber ot i-lii- 
tnam In eiteli ring. Tills study, timn-fure, pronibaml to 
give tlmui the nn-ana of lU'temilnlug tlm dlatrlbuUun ot 
elintmim tlimiigliiait Um atom, ami that waa maluly 
tlie reiinnri why tbey liad lately In lliat laboratory been 
try ing various iimlli..l» ,J nxrttlng Unit type ot llomgexi 
rs.lliilluii and ntwlylng Ita proisnrtlnt. 

Two lui-tlualn bad hern cin|i!oycd, I'be II rat wim the 
pnsltir-Hoti of IMntgen rudiatiou by the lm|aact of ikbiI- 
livi-ty ehargin] utoius. Aa fur aa lm knew, no rudiatiou 
due to the linisiet of lsmlllvely rlisrgi-d atoms tiad yet 
ls*eii di-ttn'ted ; but by tnklng advantage of the very 
reiniirkaluV seiKltlveiuwi of Um Hchumun idmlograpblc 
plate, tiny luul Is-cn euuhlrd to get unmUlnknlUe evi- 
deiHT Ibut as tlm ]sisltlv» rays Impinged ugalnst u snr- 
fnee tbey giire out a lyim of IUiutgeo radial Ioil A 
CrutnYca tulsi win employinl for tbeao cllierlbielils. llbi 
aecond methial, he aald, was uu more orthodox lines, 
aud in using It Umy liad atudlnl the effect* uf the Im- 
pact of cathode rayn, the apeed of which was very much 
under their control. For tlir-w experlnmhta an urdj- 
nnry Ib'lptgen-ray tulm was employe! 
ni.lh.-l. lm coullliiled. Involved a 
ol time, and Umy had Inlely tried experlinenUng with 
a Kiilmiltiite for the pfaolisjtruphlt. ■a'nte, and if tbey 
siMnaanlisI wlUt Uio-m experliuenta tbey prulsibly woobl 
he able to get ou much more uutckly. Httt even with 
Use photographic plain they hoped to make a aerlea of 



them 

many rings uf elcctnann tiicrr- 
K»»lt.h J/riAflalc and Ho,W «/ f-Vmnor. 

Graphite Agmimt Pmrinar 

Vxaiotts meilMala have been pm|«sHnl and tried for 
pn.vvntliut the furriug of boiler*. So tar the best 
iMUccras has been obUIUed with Iboar aystema whkb 
lin-niit tlm deposition «t scale rlglit rrom Its IncrpUuii. 
lu Uenniiiiy many large linns of eugloi-era, aplimlug 
mllla, weaving mills, and other users of innclilimry. 
have funis! that graphite la a must elhelcot means lo 
tills Mi.l. In pnajiurtliM to tlm alwi of tlm boiler, fnau 
1 lo •-■ kilognilnmi-a or graphite are placed In Um lajller 
after It ban la-en well cleaned. J it addltloti to Ibis 1.% 
gniBiun-s ot grni-lilte niie-1 be added for every liai Hiers 
of water evaiHiriited. The pninsj Is as rulluws: The 
wulls of the tubes, owing to the different tern-.. r. lures 
prevailing In the boiler, expuhd hi vary ing degrees iind 
fis-iures or splits are thus continually pn-diiccd Id Km 
tiirstiwie as It forms, and, Into thesje, the grupblte 
Imimtrutes and lliully covers the whole wall of the tube 
.-mi that wwlo U no longer uWe to adhere llmn-m. tir 
oour-ne only highly piilverlxetl, is-rtcctly jaun-. graphite 
miLnt lm mvsl. 
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Seventy-Six-Ton Steam Shovel* 

Designed for Large Outputs and Heavy Material 



Wk publish herewith Illustrations of a 70ton xtpani- 
slmvel. of which -■esrral e&aiuidcH hate recently lain 
contracted by a Lincoln lirui of iminufaciiirrr*. The 

HMKMOi has been dcMlgiwd to de»l Vllth large otltplltx 

■ftii Iwitvy material, untl utuirks llw culmination of an 
experience a>l«*n4liic " v «*r Ihlrt) eight >«iirx. The same 
fi i in ulso build tin; crane-navvy, ur full > ilrele lype of 
machine, «x well aa tlu* Ilmlti-d xw lug xteaim x hovel of 
Hit- eta*** w» ikiw Wind rate. Their range of crane 
u* vvh*x WWHW weights frmu IN lu 0(1 tonx, ami Ihelr 
range of ileum -sbineH JO to 70 tuna. The machine we 
Ohi.it ruli* ha* been designed for larip' ■ ait i .tit - and 
hi «> y material. It U normally filled with a bucket 
uf :tV, cubic yard* capacity, but for MUmrfhiH itHjf Iwuw 
tu- light luuh rbil ii xtnuUi-r or larger laicket would lx> 
titled. A inn. 'Mil'' of tht- lM«- xlhiwil, e\cn vuHug very 
twuvy nx-fc uxed lu making t'nrtliimt cement :tt a ipnirry 
in Aiiertluiw, iiimI operating on ii work i tic fin** •!>> fift 
deep, I* loading 7 loii wagon* lu from otir to one ami 
a tiaif ulnutvK, 

Tbr jEH'iMTiil lines of On- machine are Well vltown lu 
HifN. 1 to It, It ihUs|*ih of all under- f ran w bill It up of 
heavy joints, and plules art- MijifiurtiiJ oil two four 
wlirtl bogles. Tli*- jib niiil lis (iiriitiibb- an* mniinbd 
ut Ibe front fiatl of Hw under frame ami urr biilain vd 
li> the holler cnrrlaxl al tin other end. S« p:i rul r hoist- 
ing uim! slewing engines an* mounted Id the center. 
Tlw Lrutcllug gvar Ik operated frotu the bolxtlng; engine. 
'Hit- Jib carrlea a bucket ami, ibe movement of wbh-b 
Is GDHtrotbtl b> tlw uialn chain mut by a rucking gear 
ununited ou tin' jib. A ruck formed oil tlu- under 
Mtl<- of tht* bucket arm gears with a |iluloii, which is 
gear drlten by a nn-klug engine mounted on tbv Jib. 
TIiIh ci'ur iJrt4-rmliitT« lbt> projii (loci of tlu- biM'kvt nnu 
froui ibf jib. iiimI Im-iuv tlw ilf|i(li of llw ait taken fnnu 
tlw working fun*. Thv tunc n-nOn-J for fiiltlnt; is 
^ii|i|ilbt| by tlw iMftxtiui; oii^Oti', wbb-b ImuU |Ih* biwki'l 
upwanil. Ihe arm in tlw iiM'iinlliur .-twbixiUK muwl tur 

oljli'l cf Ibf I 4i t >|i»ll Mbft ls \iirloilx jMiKilble J»t-l- 

IWib< for Hi-- buiket iiimI ami are luilk'ut«il In h'ii;. I. 
wllb-h tgiv*-* the nWUlllW OtKKliift bfliiht, itiiu.' of 
•lit* lui nc* 1 . ate. 'I in biwket in illwliarKeil by reU*u»liii; 
ii <b»ir, wbb'h forui» Ox hotlOU, Ibis tH-liitf i-oulri*lleiJ 
by a wbb-b 1* < . » . r . . | by Ibe ui»n %tho Untkt* 

nUvr tlw rw«'klii«; Kntr. Vii-wx of Ibe nuit-liliw In i»|nt- 
ulioii an* tUffMI lu Kle**. ti ami <k 

This hrb-f *tef>ert|>lbai >li*iubl In- >ulth li ht to nuike 
Um workintc of Ibe iiMM-bliw i lrtir in a ic*'tternl way, 
iiimI wt> tuny mrw |>nie4*tHl lo Oral wllb (be tletalbt of 
> i h tnHiMirtii-tloUt b'aiinic uny furlber intiMiut of its 
nu-thiat of o|frratlou to the ernl of Ibe urtlele. W« 
ma> U-itin s%llb tbe hoixthitt ami »>lewbi« eiijjbiiHi. wbb li 
lire well »lw»wa in r'lic. 7, uml of whli'h Oetall ilmwliiffx 
are itlvrti In l-'ljp*. s lo 1». Tlww MkftlMI arv tu BOOM 
e-ileiit bull! lofHber, aa will l*e elear frocu KIjcm. A auil 
it Tlw xlfWlntf-enKltw Ilex lH-tW4*4>n Hm< xlile-frnuie** i>f 
Hm* luiixIlnic-etiieitM*, n it> I tlw toVwIiiic-Onim amJ !*e4*triiii- 
iiimI lull >haft an* utouni-M on Ui«-mt sauie Mble-franwx, 
wbbb eurry Ibe ertttik-*-haft beariutTH of Ibe boHIni: 
i in; I m*. Tlw ii|r|M*r ilruni. I. tbe b-ft bauit put of ibe 
two hi Klir. 0, It Ibe MwwlwMrii'M, tlw bi-bthiic drinii 
bilng In fn*ul ami al a lower level. Tbe ImUtii.^ 
• UKlne biiK e)lhulrrx 10 Im bex In ilbuueter by H Inrbex 
stroke, ami U IllleU with link reverxhij; ;ciir, 4'ruiik 
•li*kx are eni|»loyeil lo mhl fly wlWI i lTi-ii. Tbe tb*w- 
Inn: t i.L'liii- lui-* ryllrnlertt 7 Inehex in tluiuwter by 7 
I m tit's tftfota If al eontfoNot) ami reHeraeil by a Mingle 

* Ur|inMlui«H| frmu /. oimir« rl»v 



bver. wbbb 14 tern ten a elm hire -orer valve. Tbe rnirliw 
U ]»raeileally a ibi[ilbwte of the ni« kbi« .hi/Iih- vibb h 
b* HIUHtrairO in Kljp*. II and I J. and to whb-h we refer 
below. 

Tlw oiaTatlon of the holxlhiic ami Hlew'iiiif-etiiciiM* lx 
under tbe ixtutrol of tlw driver, who xfaudx at tlw front 
Ol ll>i> iiiiiehliw dBJM tu the lutlld-leverM, wbleb ■ in la* 
aeeu lu Kiir*. t iiimI - uimI lu r'U'x, ami 7. A>t 
|M Im-sI ttboWII In PUL 7. Ilwre are Hint? nialn lever-* u 



Vie*. M uimI ». tlw i-runksliaft of Ibe eutr/Oif drive** tlw 
xjmr-v* l»eel on the bolHtiii)C-«lruin xbafl Ihrmiicb n iiiidon. 
1 he tajpraT wheel U aeeiinil lo tlw shaft, but the hoisting 
drum lx fr***< from It. Tin* iMitxtlu^ droiu sAntol » 
eluleh'dmui ut one *-nil, wbleh lx embrueixl hy a wwal- 
llnrd eltiteh strti|»_ Tlie x|rii|i U |ilvole*l to tlw x|iiir- 
wheel In xurb a way that when It Ik Ihihleued imi llw 
eluleb drum Ibe whole arriingiinenl drlvi-s tou't-tber. 
Ah will he eloar from Mux i:i and 14. llw wtrap U 




sum Her lever, a j**dal. ami a furtlwr lever on Hie far 
a Me of tbe (ilatfonu, with Ii <uii |w *u*eu lo the left III 
Via. 7. Till* fur hIi b* lever Ik for the |»urj«we of o|a'r- 
atlutt the travethu; war elub-li. It U not mnl durltttf 
tlie o-)Mi i i r v working of tlw niaehine, ami lit puri*oM*ly 
(tlaetil well away from tlw luiitrol Irvrrn |»niuer. I 'f 
the thn*** main levrrn. oik* o]*eralex tbe Hleaun4ut< li of 
Ibe bolxtlng dniiu. whh -h we will dewrlbe In a moment. 

i Uirr eotilri4x the Onk niotlmi or tlw In.lst lug eugliir. 

aiul the tbint llw ebiingeover valve fur the xlewlnc- 
eotflue. The *im»lleT lever, to llw rlglit lu Mts, 7, i-x 
for Ibe u-«T*tioti of the tbrul Hi- valve for llw bolx4lnie- 
etivliie. while llw iHxtiil Ik eonmx*ieil to the brake of 
Ibe holxHinrdniiti. lite driver Imh a furlber It-ver 
iimb-r blx it nit rot, which i> not xhtm-u lu llg. 7. U 
< mi. buwever. be *<cell In Kl|C I*. It Ik pivoted above blx 
bend, and otjierate* tbe throttle valve of Ibe nnrkliur- 
engine wlib-li U enrrfeil on Hm> Jlk 

The xt«*am i-lut«h la a very luten'xtbue feu lure of 
the iMdHlbiii-enKiiM*. It fonim an easily o|a-rat«xl ami 
I- -hi - 1 fill rcear by which tbe loud cau la* Uikeu up lu- 
Htniif-iiuiiUtsly njMin the driver pulling over tbe hand 
lever. It cnii he put lulu at-thm with Ibe chgine run- 
nhm. ami no k|k>c1iiI cure Ik nijulrtxl, nx Ibe acllon lx 
nutoiiutllc iik HiNiii ax tbe levur lx pulleil over. Tlw 
• lm< h will trauxmU tbe full power uf the engine ami 
lift li test bud or .HI toux. It la woll xhiiWii In l :g- 7, 
and lx detalbxl In Khea. 1.1 to 1.V An will be Been from 



I Igh l*'i*e«| or -'nnil b> I ho mi M raWM df H • • 'CfiVe 
w hich lx o|*-ral4*.| by ■ Ml • rank Icier I.Mng at ugnt 
jingh*s tit II. Tlw ladl crank Icier lx pivoted to Mir 
Kpiir-vi land, ami the cod of Its Inner ami Ilex lu a aM 
lu Ibe rdiafl. A Meuni ■ .v Under lx mounted al Hie end 
of llw -baft ami axial wllb It. tm lx wHI xlmwu lu Kl**. 
7 and H. The cjliiider piM«*o-n-l m dinsily • «.nn.-i.-.| 
ti* a idmiKiT working In u hole In llw end of Ibe xhaft. 
Ibe plunger busing u xb»t at Hh Inner ernl. In wbb-li 
Ibe end of Ibe hell-cruuk lever arm Hi*. It will la- 
clear thai the uioveiuenl lu or mil of Hw cylinder pUlon 
will move Hw lx-ll crunk lever, and so r spit ml <ir n-leane 
Ibe clutch ntrap. Tlw pi Moo l> co«itrolh*d by » slmpti- 
slidc\alve, wbb'h uduiitx xleani lo either end of It. 
Ibe valve Iwlng i(|a>ratix| by tlw hand lever alreaily 
im*nliuiHML 

At li tin r end of tlw Iwilxtlug dniui frmu llw 

slciini elub'b then* Ik a bnik4*-*lruiu w ith n w*nm|-|Iiim»I 
hai in I -brake, o|n'rtlIixt by Ibe foot i-W.il u I ready llirli 
HoitaxL TIiIk Ik used lo ximiiiin llw livid while (he Jib 
U slew tug pre|mraliiry In llw dlxcharglug of Ibe bm'k«*1. 
Tbe main drum lt>*elf rx pnMNil fur Ibc bol-ilng « lmtii. 
iik ahowu In Fig. 1. 11 works on long brusx hushes. 
Tin- inn •■ling gi ar for tbe machine bj Wtfriltal lb rough n 
spur gearing, situated at Ibe brake ernl of Ibe hoisting 
drum, and Mhown lu r'lgx. s ami U. This gear b* thrown 
Into cutuwctluii with tin- uaaln xbafl hy a d*ac-cliiU'1i 
when It lx deal red to bring It Into use. From the 





I'm; I.- Shavel working in a rhalk quarry at Hrwalr. 



Kif. 5. — Slioi'l working mi a . hulk quarry al llranle. 
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I i K . ftml excavating at Hull joint dork. 



Flff- 7. — View flbowins hoialinjE-eiiiEiiH- and boiler. 



HNMMHMHM "haft »f lhL« nvar. power U iranMtnltlcd 
lo the traveling wheel* hy ttat-tltik chaliiM, a* hit-own 
in Fig. 1. Tin- i-fiahiN allow for n certain amount of 
fide Hwltig of the iniM 'hi a*. The hogloM hiv of (he 
diamond frniu-c of Kj-r-Hally heavy t\ instruction. 



the radial roof stay itml tlir '/. foiiiMlallon ring given 
Hit rla>*ilHly nhkh * i» ply provide* for the, breath- 
ing of the (ire box. Strum for each of the three- enirluc* 
U taken from in* uIi-ahi iIoiih- liv a ^ |wm(r Knch 
pi|H- Ik lilted with a Nlop viilvr and rcinilatlnc vulvr. 




fliMl heavy compression spring* are ttttrd to ahanrh Hip 
KtrrKNcw due tn illindne arid I raveling. The buglea are 
1**4 Nbown lii Ft*. 4. 

The hotter U cif the b«umi)4lvr \}\*\ whkh |*iHHcw«eH 
many advantage*) fur Ihtx cIiinm nf work, of which ni* 
tin' Iffitl Imi-ortarit h* that Nteatu run bo ral**<d quickly, 
'i'lie dealgn allow* ample fitHlltin* for cleaning, which 
U an Important point, iw frr»tuctitly bad water mny 
have to be m«ed. The workliu; prrmtire b* VSt i-nund* 
per wpiarv Inch. imhI the hydraulic f.t-t prrwmire 
|Minnils |ht mpuirr huh. A himhIuI feature In the rnri- 
«trorCloi. of the Inillcr I* I tic mctlwid adi-frt-ed for Ntay- 
hut the llre-tiox ami the foundation-ring. The premure 
on, and weight of, the tlrehox are* taken friaa the 
founiuitlon-rlng by a ajwlan of radial da; lag of the 
holler nbHI. The foundation-ring U made fnmi SVbar. 
There lx only one weld In the frame, ami the corner* 
are bent in nil hydraulic prem. The cuinbiiiatloii of 



— C3^ J 



To reduce fuel connumptlon nml avoid ntralnn rtiiincil 
by cotd-feed. tin exhaiiM-atcnm feed-wuter hcnlcr In 
used, the tcintn-raturc of the feed helm; rained tn nearly 
•Jl'J dee. KHhr. Two writer-tank* art' filled, ma- mii 
each niilc of the lmller. which in mimntcd centrally on 
tin* framing, an shown In Fig. 2. ThU Hicurc «liow> IIh- 
Inrikt, rarh uf wlllrh holdN 730 KHlluln. Fi*i*tt Ik hv H 
itupli'X iMiinp. The holler lx flntl froni n iiiMtfonn at 
tltr niir Rata iim tthowii In Fie. anil thi* wImiIii of 
tlir ImmIt of ttw> marlilnr In mronil hr n hmixlntf iim 
n pi-ofr*'H«xi a ten I lift hail wmllMT iiihI tying DaKtcriaJ 
when lilnfitlng la hclng carried on. 

The J It,, an will lie aeeti frtitii Meveral of the UlUHtrn- 
ttoti*. lx mounted on a turntable mnlraj at the frmif 
of the inaehlne. Tliv turntable In built 1111 at niihl- 
xteel jiliitnt and anclex. Into wlilrh a hertrr ntrel ea.«t- 
Inj.' la tlttid tn rei-elre the foot nf the Jll. Tli« «>M( 
riatatea on a ntrel Iiivut eaKflns lailteil tn Ibe uuiln 



fra work. Mlewini; In |a'rfoeiim| li> tun wire ro|,'i 

whli'h nmiMl t lie rim of the turntable, and are 
nirricd lliriaieh sulili* |*ulle,i'N to tin- nplrnll.v miMind 
slew Ins drum. Tile Klliile inille.vx can la- aren In flfja. 
I. 2. and 7. In addition to the heavy steel eaxtlnx 
formliiK the i n i.' there i» a furtlwr i-nilini: built Into 
tlie front twrt of the ma< hlne. In Is forma the liaw of 
IIh' A frame, wlili-h ••arrtiw the tie tnimla-ra nl|i|>ort 
hit; Uw Mtaf end uf the jlh. The A-frame lega are anlld 
mlld-xleid fonrlnea i"f amuiro wtlofi, At the bottom 
tlw-y are |iliote«l lo the i-aidliij; nM*ntiofMst nhore, aa la 
eli'iirly ahown In Fie. 7. At the top the A-frame metu- 
bon are ladtial to alMallH'r i-lia'l leaallne. «l which the 
tniMloii-nta.v rrtxdiead nrfatea. A hnek atay nonmn-tH 
the tnfi of the A frame to I lie tinder-frame In-low the 
Innller. The i-imliui: to wldeh the bimtiaiw or the A- 
frame meailn-ra am pivoted i-arrlee two braekHs Imltinl 
tn Us ■•lid- . one of which in well ahown In He 7. T« 
thew bracket* are pivoted the mala membera of the 
Jai'k-arnia which »prve to take the overturnlne for.*™ 
which come into play when the Jlh In mwiiiic I ie abh- 
or the other. Tlw leux are nhimii In Flp*. 2 and X 
and III all the rlewa of the nuniiliu- In i»jn>riitliai. Aa 
will be aeeu. they carry iiiljuntlne-nrrewn nl tlwlr outer 

Claim, Which nnd ll|am wmni Idin-ks nr lue-kllien. H'heli 

the machine lian to he moved tla> ncrewn are alai*ked 
buck, no that the iweklnea ran la* rcmovtnt aial n>aet 
In the new inndtlon. When traveling; tla- jack ami* 
■ re folded aenlint the nldea of tile under frame by 
reiiHivitiii two pin* and releaatne the inaiiii-etlne-lluka. 

The Jib la lllirxtrnted In Fie. Ilk It rraudatx 
of two oak tnemlien* rrinfornril on all nhlc* with 
mild *ti*rl plnti*. Thin form of eunatriMilmi han 
lieeti fouiwl to la- the beat to wltlKtaml tlie neverc 
nttrnnea art up by slewing nt a high npced with n hntileil 
bucket. Heavy inlld-nleel plate* and lineles are rlrctcd 
to tlw tinji of the Jlh to carry the rhaln-'aillcy* and tiike 
the euiln of the telinlon ntayn. A mild nteel pllltc la 
titlinl to fnrin a neat for the rncklng-cnglne. while a 
niniihir plntc earrlea the bracket for Hie lower chain- 
lailh'y. The holla for the rnekine-hearlnga and the 
engine tin' taken right through the Jlh. The racking 
gear la n|r*ratcd by a double net. nf npur genrn driven 
dlreii from the engine erank-nhnrt. Tlie racking alia ft, 
which 1-arrti-n the >.|»ir-wbocl* mid racklne -plnlnti. la 
of large dlntneter and U formed with >a|iiarea for the 
wheel neala Innlcait or keyn being llnerl. Thin ellml- 
luitcH inawlhlc trouble Ihmilgli bntae keyn. The racking- 
engine L* illiintratcfl In Klgn. 11 himI V2. It han eylln- 
dern 7 licit.-* in diameter by 7 Inch ntroke, and. a* 
la-fore ntntcd. In eontrolleil ami rererni-d hy a nlngle 
valve. U.s. ini- l» oldalltcnl by allerlne the dlnv-ll.ai 
.if flow of nii-nm to the engine, the Menm-plpe In-lng 
ma.lc Ihc i-xhiiunl |.lpc. ami ce*- retflM, 

Tlie bm-kintarm In aliowu in Fig. IT. I. Ike 1 1 . - ■ 
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Jib, It In built up of oak rcinf.srocd with steel plutc«, 
the rack being u steel citstlng. The <ra Ik kept In 
poxlliiMi oh the Jlh by u gulde-platc, Ik pivoted 

ulsiut tlic kiiu»c center an the racking idnlan. The plate 
CUM be Keen lu Ht &V Tito arrangement nllnws the nrui 
to swing lo any tiei-vwuirjr angle, uk shown In Klit 1, 
niiil allows II li> travel endwise, while ut the -same time 
k<*-piiig Ihe rack always In gear with the pinion. The 
liui-ket Ik built up of mlld-*ti*'l plates, while the urn, 
btana, etc. are alrcl oaKiing*. The teeth, whleli arc 
i iirrt.il jlm.-l the full iblilh of the Inn ki t. MUM "f 
mild-steel shanks Willi renewable mangiincitesslccl 
l-ilnt*. nod ape fitted nn a rciiewuhk' ll|t-plate. The 
Iceth ean !«• renewed In half an hour. The hinged 
Isitl.mi ilcKir of the biM'ket Ik pruvhled with a eateh, 
whleli ean la' rclrused for dlschiirgtug by 11m- Jllt-utau 
pulling a r - n - . aK nhnvn lu Flu. <l 'l°he ihsir alAto- 
luutleally rlurtt** ami lurka Itself after tlWlHllllW, 
as the bucket-arm Ik hiwrml Into a vertleul position 
fur the Ix-Kltinlits of u new Ktroke. Tlie Jllt-uian -In mi- 
ni tlu small platrnrin carrkst by tlu' Jib. ami also turn- 
trulK the racking engine by .qsriilliig Hie cbiiuge-over 
valre. Slctim Ik etaiveyiil to thin engine by an over. 

I at pl|n>. ■Mill bu* it fhud teM to allow for Ihe 

slewing «f Ihe Jib. The |dpe anil Joint BU be km-ii lu 

n* i. 

Of our tltree llltiKtrulious of the steam shi.v.1 In 



operation, Figs. -I and 5 kIiuw n machine In a ehiilk 
•itutrry at llo*s.le. near Hull, ami Fie. B shows a urn- 
ihltir working on lite new Hull Joint Itat We have 
hail an op|iortiiiilty of In-tHs-tlng the Hesslc llt-tiilla- 
tloo. The rltalk «n> of quite a hanl nature. Inn the 




Klf. 17.- Buck. I arm and burket. 



-hovel dealt with it eii-lly. Tin* material wan duui|a*t 
by Ihe Itu.-kct into Inn k* brought up alotig*idc, intuit 
aK In Fig. Ik The arrangement by u-hleh the three 
main motion* lire ilenlt wllh by *c(tara(c engine* u|e 
l*-;ir.-.l to Ite excellent, ami ihe etilitrul of the rucking 
ami hoisting worked admirably. "Hie situation of the 
inuii nn the Jib Hiilfomi euul.hsl him lo ana cxactly 
Miia! tile bucket win* dullus, do that he muld regulate 



the extension al the bucket-arm to a nierty. while the 
i-ii-j iiintrtkl of tlte st.-aiu rcgututoi i mil ib— I iIm< driver 
to humor the hueket U|> the working fare If II mine lu 
i-tilitlli't with large holders or other obstacles. There 

appi'iinil lo !*■ not the -light. ~l illrtinilly In no eon- 
tr.uilug (lie niaehiur that a full bucket was obtained 
at ctcry Ntroke. The slewing wan tcry rapid, and 
the Kbovel could liave delivered nnit.-rL-il • oli-lilcriibly 
ajnti rapidly Hunt tlte iragun aervkx? .-slid enrry Ic 
away. 

Phosphorescent Calritex 

SI. fjalffflWi professor at Ihe Purl* Niiliirnl HlKlory 
MiiKeiiiii, lui- pnTM-nbil tK'fore Hie Academy a lery In- 
bBrCatlllll Bapef by M. I'IkmiiI, wlni Iuik oliKerved tint 
eertaln eryMaU of iwrttoimto of IIiim< can. miller the 
liltliielice of Iwiil, acquire u reimirkiihh> plio-|.hore-(vtHi- 
wlilch render* them IiiiuIimiuk In the dark. Up (III n«'w 
It wna Ihiatcbt thilt IIiIk |4ii*<|ilitirewiice wua due to (be 
pmwiicc of Kmall Iran-* of rure IhkIIi-k. In the uuijitflty 
ol elllelte^ then fc are to Ik- found Indeed, extrctuxdy 
»ii«ill ■jaitiMlltU-x of ytlrla: but M. I'tsani Iuik opentleil 
on ahaolulely imrr cryrtalK of iiirl-niale .if lime, and 1m? 
Iuik .uWrvcd that wlwu they lire kcmlffi tlM-y Ivcirne 
|ihi.Mi.lii.ri'-i-i'Tit Thl.% enriou- pn^K-rty of (lie eryKlul- 
of cartMUiilte of lime Ik. tltob, not due to lite pn*wncc ..f 
rare cIcBieula. — t'AcmH-uJ Ufaara, 



The Patent Expert and the Chemical Manufacturer* 

The Ex|rert's Function in Preventing: and in Conducting Patent Litigation 



Ut -patent expert" I *> not mean that proftKodnnal 
mull who Ik culled In by u litlicatil only at the critical 
or rnirhtl alace of a wnlrorerKy Ions under wuy and 
moat uxtuilly then lii It* lliml KlatfeH. on the cunlrary. I 
men n thai profcK-loluil man wlx> Ik not only a hllthly 
trained ami well equipped elwliil-t, Iwl wrho bus alao a 
natural or un acquired bent of mind which enable* blm 
lu collect and aaKlrailatc the chemical and other facta 
relevant lo the matter lu lasue, arrauie lb™ lu logical 
order, aurrey litem critically, ami prtqmre llieni for aub- 
nilKxkKi t<> Icpil niutlyida and eianiltmllon by |«tent 
counarl. nod who ituikeK that ia.rtlcu.ar occu|uttlon IiIh 
vta^allon In life. 

Tliere ctin be no i|urallun that actual |Mtent lititatlou 
between Inventor* or their prluH|Hila Ik nu uubeiilthy 
mill an abnormal eonditlou and Ik Ihorouihly •llKadrajt- 
tajreinu Ui Ihe coininerctnl and Industrial den-hqiment 
of chemical In rem Ion*. The energy and Imrenuily cou- 
Kumed In Utunitlon could Ik- anrtlW much more prodt- 
ably lo the devctopmcut of the culcTprbac Itself lhau lu 
a cotitroverKy oivr where tht. riulibs of Ihe one ItrvAu 
and Hie rlchla of the other end. 

It la perfectly K»f« to *a> that Ihe great majority of 
bjIWlarw uml their prlnclimbt nre ndxlinm ninl willing 
to rcitpect lite rlghta nf cximia-lllorK Tliey are, however, 
hampered in the practical expression of litis wllllngm-sH 
by tiniblgnlty. uncertainly, and error In the aUbhlMM 
of sn|i|KKaHl rights as expnwsl In lailenla. It b« to the 
ellinltuitloit of lln*« defeda that the |»tenl ex|«-rl must 
ebb-lly addn-sK bla effort k and Hill* ultimately Jnxtlfr 
and tftuMate IiIk acllvltlra and bla |ajalthai In tlila 
Knfk iHb) world. 

"I'lien* ean ls> no qucHlbm that the m..-t wiuioltilcal 

and prontiihlc ploymcnt of a patent ex|art U al and 

dnrlng tlte develisjimciit of a chemical Intention Itself 
not utter the imlent ban been IksihkI and Is In litigation. 
His elder ami wnst nwful funclloii Is to reduce the like- 
lilt.*. I and ml of lltlgnllon In a minimum: Ibis he can 
do only by a careful and full tent examination and ur 
mugeiniHil of all Ihe relevant facts ai d by their pr..|»-r 
KtibnilKKlon to lawyers for flnnl Jutlgment, tV/ore lite 
application la tiled In Ihe Patciil "flic* 

'I'tils Ik merely a K|ss lrie ap|ill<wllon of Hie old ailllgi< : 
"An ounce nf prerenlhin la w.irth a pound of cure." 
While this may seem to nutty an ohvhtus and -elf-evi- 
dent course of procedure, yet only a minority nf Ihe 
chemical ntanufacturerK ami Itivenlorx lu Ibis country 
hnvc recanhHl thai coiir>e a- being. In the long run. Ihe 
ll.lvaiiltlge.iUH and |tn^KT one for litem lo follow*. 

Anyone who haa actively parllctiHitiKl in strciiiimt* 
pajfttaaj llllgatl.ui ami hn* bud Ml sliare of rr*.pou*1lill|. 
lies to KllKlalli. know- the feterl*li ex.-liemenl inert ill-- 
trallsfylnc cndilbai* due to hard work nnder extreme 
|tre**nre, the extraordinary' and uiiu*unl detiiamlK made 
iil-iii the working staff of the liltintiil* from the hlche-t 
oltletnl down, illwl tile i^aimspietit lllilitoldable Interfer- 

• PaiMf r*rr-.nt.-t st IX— f.irlt .tclilli .tnaiiol mi.tlna .if tti* 
ttnertrsii tts.-ml.-ll S*- l«*ll. Rn.*.i-it.*r. mbmI rersrtalol frimi 
tile Jo«m«t n' Isrfs.l'i.il UHKl t.'M.ioii >Mn I 'h< rail If p, V*l. A, 

s... la 



By BrniliimJ C. Iksse 

ttice with tlte reguuir occupation and oiteralion of stulT 
and works In many. If not all, their dtvlslipiiK. lie Is 
nl-u thoroughly convinced that any uud all stepn taken 
at the ItaatplliMi of tlu- canst- of trouble, natnely. the 
Int. -1.11011 and the iNileuts based thereon to pre tent such 
eotigeal ion and such high pressure work ntitc-1 Is*, lu the 

great majority of cases, far more isrolltiible, .* lul.-.-il. 

and efficient than ittiy alleaiin ut correction or avoid- 
ants- .illi r l.'n ir-.ul-le has ts'glllx 

It would la- Idle lo cl|sxt ur to Inqa- thai all eonlru- 
verslea us lo Ihe lK>glunlng ami ending of rights could 
tat eliminated hy such can-fill |iri-|m ration of a latent. 
That I be tatlnta In Issue would Ire nsJuccd to a minimum 
ix certain, ami It Is equally certain that the merit. »rlon* 
Issttes In a case would ttot be Kinidbcrcd in a mass of 
minor, technical, or irrelevant disputes, all, or at least 
ihe great majority of I It. -in, atoldnhlc by care, cautlo-i, 
and latleuce in lite draft of the xpcclncntUnri. The 
smaller the numta'r of such minor itolnla lu a latent 
-nit. Ilu.. Hbtsiier the suit and tlte less cxircnsivc to the 
lltlgiiuiK, while the court ami all others coltcernsKl are 
given an onpurlitiilty In ciajiceiilrale attention uud effort 
u|s.u tlu. iHtints thiit r.-tili. arc meritorious uud which 
alone should count. 

It Is aafe tu aay tluit in the average chemical latent 
-nil anywhere from "JA per cent lo VI |» r cent of I ho 
iolal litigation Oaal isuihl have l*s-n avoldisj al the ottl- 
sel by plNrtH.r, I agmtll'lll. atnl it.ni aiublgieul* draflilut of 
the s|HK > iHealb.u iiihI Its .taints ami mreful scrutluv 
Hiereof after ullowuucc iiimI |trlor lo t**-uc of tlte latent. 
A iKitenl eoi»erviilltel> ilrnwii. iroraplele, clrur. ami full 
In Its dlscl.rsitre as well as clear In Its claims. Is far 
more efficient as a prirtts-tor agahi-t infringement .if lie- 
IliftilliKJi lltt.ilt.sl and more certain of favoraltle tidjudl- 
cilll.at than one nut so drawn. 

ITiemletil .use* hate Isvu liligatisl ill which u nils- 
placed decimal (stint caused s |n*t ivtit. a kuihtiIuoikk 
ailvi-rb eiHttsuiiied I'.' r«'r cent, an lucorn-ct and suner- 

llllotl* tlnsirt used ll(i 'JLI l*-r IK-Itt nf Ihe total ei*t of 
Hllgallofi, and Ititally. bad a certain dlscl.rsurv lax-u Just 
■ Utile bit more eI|dMI, Ihe lltlglllioli would nn< have 
been started al all. lo allll other ea*.-s, had Ihe rele- 
vnnt art Isssii setireheil with nn isjien and critical mind 
prior to patenting, there never would have been any 
litigation. I'urthrr. the nninher of latent* (Jut have 
Iks.ii remlered InefTiK-tive because of lmpro|s>r stateuiisjit 
of Invention, Insufficient or Incoinplele dlscloHurt. Ik very 
gri'iit. atMl imrse of thrwe defwls wouhL or shiaild, have 
la-en avoldisl in tin. Issued (Hitetit had there Iteen suit- 

able ti- hiil.nl »ti|. r- -i i| crllk'ann siarh aa hy a 

IHtteut cK|n*rl. It is certainly easier and far lesa bur 
rosing lo examine mat criticise an a|*jillcatlon, evert If 
It Is* your own work, than lo have to sliflllllli an !**ircl 
and fiiulttly dniwn taitciit when you have no diams- foe 
corr<*'(loii or alteration, lull must stand or fall by (he 
d»K-uinenl. "aa la." 
The i-ll falls nre many: there Is no retilly di-|Kitdnl.|.- 

chart; each case -I la- Inn led on lis own f.silltu.'. 

The more careful Ihe search. Ibe ttiun- ninths-is the 
Judgment, and the fuller the knowledge of the relevant 



fnclK. the greater the fulliM's* of dlsrlosure. Hie more 
clrcuttis|.s i tlir [thnistsrlirgy ami the greater Hut chtrity 
of ev[ires*|.iu. the greater are the cltaltn-s of sihss-— In 
avoiding useless istints of nltjit-k. In nilitliiilxlug effort 
nisi i \|sn*e during lltlgatl.ai, and Hie greater Ibe pro- 
tective i-altle of the no-rcsiilllng (uilertt to a luerflorkius 
Invention No ummiiit of bolstering or Hhorlng n|i 9iU 
or vAoafu' |H-rt>innently help a mm merit. .rlini* IttJMaTiiaaV 

till lMTXtaT C Itril 1ST — WHAT UK Is 

Tin- nun. whoso iHisiis--* II is In attend I., (hrrae mat- 
ters I have referred to a- a |ctl. nl i-V|«-rt. This u|sj*-l 
hllhai Is In Itself simielliiug of a lullldlOKJ to llllll In bin 
w.wrk. There is no real rcii-.ni why his exia-rliu-ss. real 
or u-nintcil. In his aiavuil Held should ordinarily be 
tquHiaalaed any more than In every-day life a sklllisl 
clii-iulst Is blirdelMsl Willi Ibe ileslgtulllmi of "exfierl." 
I lit- ntan'H mil btudneaa la In lie part and laireel of 
creallre orgnnlxallon liltd BilichliM-r}. mal a mnn a|ar(. 
Why tint ctll lilin "pu(ent cbi-mlst"? We have leather 
chemiKlK. («(H'r chemlaTH. sugar cliemlslH. ami (he like. 
The pntent rtieuilst la one wlui aperrlalliea In the chem- 
Islry uf |aleu(». and luileiu* In diemlstry. Calling him 
"laHriit clii-mlsf' make* him nn ihe siirfueii at h-ast 
more neurly imrt and 1 si reel of the working Kln9 Hum 
dia-a the designation "|«telil ex|«Tt'*: the former iiiim - 
Invlii*. fainlliiirily and co iqafiilhiii, iiimI sliggeslK tlllllty 
uml work, all of whlelt Is only lielpful tu llwrae era)»- 
cennst. wln-n-as there Is a certain amount of ulooflMsxs 

or npiirltiCH*. a suggesll f cwin.-rdliuiry mid fornial 

ocraslmi and surrounding*, of k» culled "•iriuimeitt." un 
coltMriotrsly. but mate the less surely, asma-inti-d with 
utij lerm liivoltitig the word "ex|s-rt." 

rut. I'aitcnt iTitctaiar wiiat lie taiga. 

Now. tbla (intent clN'mlHl, as I have calleil him. wlunt 

llBtaj lie alts, nisi how .Las. he *et ill*. Ill to u.*sail|dl*b It? 

Ilin useftthieKK In-gilt* wllli lite llMxqrtktti of an linen 
Hon and nnilliute* until tin- last Id! of lltlgnllou 1* put 
nut of the wny. successfully or otherwise. He begin* 
li> Belting a trtOMC iiiHb-rstiiislliig of the Inrmillan l»y 
carrflll. evhnUHllve. it ml amilytlral study of Hie relevant 
prior art ; be determines In Id* own way Ihe pnvieuce 
of Invention, .l.-llis-* tlte soils' ami nature of lite Invcii- 
IhMi, dlrecta or miulrex eoitllnnalury or exploratory 
work In determining uud settling Its scope; lu other 
tvonl*. he f.Hraiillatc* and "proves up" (la* statement of 
Invention. Then lie must see to a full and complete dis. 

'1 I Mini Ij a |tro|s-r ii. --.Mil- - .' i ■ - : > l i ■ . 1 1 am) 

HUbdivlHiiHjl of the cIiiIiuh. Ills next more Is In tak- lil- 
lentntlte liandlw.trk to talent isailtsiH to sec how well 
or how issirly he lias enlist rin-t.-l his work: orton work- 
ing together I inr> asix-rtain and hs-iile weak s|sita and 
delernilne what sluill Is- dolte to ehxir up. detlue. ami 
crtsliilllre Hh> situation. 

Tlir PATUTt iitijitKT. Titc u txi in rt na, rut isvicartia. 
*an ittr t Aw vra. 
Si. far. the latlcut ehcuilst lias nel.*| largely aa nn 
it>. -ins- ..f n aumiuiliii I ton h ff Wlt' W tlte Inventor aaj Ile- 
um- (iiimI who |* a chemist, and paii-ul cumd on tic- 
oilier han.L who Is geis'riilly u..t a chemlat. He ntn*l. 
lu mOUl casea, exercise great |«tletice and Lofnualty tu 
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getting (lie cliemlKls's story Into sha|s* to lend Itself to 
legal Iriiilnirnl. ami on Hit- allu-r huml. he must reduce 
lln? lawjcr's *l.»ry to such lernw that tin- chcuiiKt under 
slniul* inxl uppret-iiitr*. the situation. 

More fl«|U.-iitly thill, not, »lw imlenl chemist must 

liottl tlu- balance true i.x ugulu*! the -rontl-pur* on 

HiukUimii. the .IIkiIiiIii for nul proof* inxl I be nlry. gcti- 
crallxtiu,- tctiih-m-l.-i of lll»' Inventor, the jietnwlwsi 
of lilt- |>rliii'l|ml anil Hit- |kv--*Iui1ho.i -.r c> lilclsui of latent 
ciniuscl. kcv-|»liitr lit*' Judgment .^ilui. Ills reasoning kouiiiI. 
iiiiiI tils f ik-ik sinilirlit ibrmiislniMt nil this, 11H lurre- 
• im-nll.v. cr) turbulent und trying is-riod of Iwlclit- 



The 11 mount ..f labor, effort, study, Iiivi -stlgnlloti. re 
examination, collis-Hiur of iii-w fili-lK cir prts-fs, and re< 
stilling of |ki*IH<.iik ;ni'l viewpoint* rc<|iilr*sl i*f a latent 
cbctiiM to reconcile these three ek-mcul* I- ill times 
very cn-iit ami .llilu-ult. iiihI nlv.ii.vs very lrvh«. nl*iorb- 
lug. and cngrosslug. 

T.. .-Iill.li-I. Ill- usage "f n <frlnlli expression Ill 
<-lM-iuk-iil imlitkxitiofi* rniiv sccin, .st hrst blush, to Is- 11 
ln-rfi-Wly simple mutter, bill before tin- attempt In estab- 
lish any |Kirt1cul:ir Usui.-.- bus gone wry fur one Ik over- 
wholintsl. more often llitin rn-1. «llh ti inilltlplldty r-f 
usages, aie.1 clioks- Iss-onics ilirtlcult. If not luiisjee-lble. 

Tlu- iim-Ktkiu of whul n 1111UIS111II..11- s.ly forty year- 
..I.I. im-iinl In whole mi- in purl I*- (Ik- limn then willing 
II. 1.1 a mini rt-ndlng It thirty ..r forty year* later with 
nil the Intervening informal lou at his dispell, Is olio 
whose correct answering iiuiv or oiny not Interest tlie 
Inventor or I In- priurfpill. tiut |>stol.t .-.smsc! mny know, 
ami the lilt.-llt chemist must tn»t oiiiy gel that answer, 
lint lu- iiiiL<t prove every |sirt i>l It. The qu.-sll.uis i>f 
analogy. b"tii'ili'i. , j' and tlx- llli.'. ntiil tlielr iDtltience 
u|i»n |iri-.ll<-«lk.ii i>f bm-iitliai lire i|ui-<tli>it< mil «lwiiy» 
«wy t.i iimvn-r, but vrh.i-w niwwrn. |iill.-iit .-..Mtwl nei^lii. 
aiul tliv iHiit-nl rtiemW uialu diiiki »uti|.ly 1111.I urove in 
their every |«rt. 

I'tiietlinlly all nf the treilt tarlely .if pu«llnt leeb- 
llk'lil i|Ue«li.rtlK wbk-ll Ci.ltK-leiill.rtlK. eii|Mitite, itlul e»ira- 
|K-lelil piiteiit etflineor-1 will iirwiwuuil In Ibe oiurwe of *U»- 
vel.Hiiiu: a j^.r.-lil f-ir n ehi-fnlcnl Invention r*-j«ilve tlirm 

Helve* <ine <ir Ibe .illler <tt tbe tlieee alK'ie irlven, 

and Hie n»il I., tli- iinswer Ik u.it una»uiilly kuqe. liar.l. 
<>r rnrky. 

Tlien enini-M the gm-KUnu .if ibe iieeurii«-y. otno|ilel^ 
im-kk. falliw*-^. .-<irK-l>a*ilow. nnd elenriifK» of otie'n niru 
ill»ekMure, the nrmiliiic luK-h ami r.-rlh over thl* eniin-K 
kIi4I III"! tlwt exprewlim. tbln i»r Hull aevnieiiee of libuls 
liwl m> fi.rth . Hie Hltloe Ik ee|«te«l en the Klatemein of 
,i«l Dually nil lia* in be sune over main 
11k- clillnr. nr.- takili U|u 

1 kili.l of work L< ibe «eeH|iat1oil for it rent ehem- 
M, r*er mi Inventifcr, m.r it prliiripul. It Ik sk.w for 
liny of llM'm: tlieir entire inflilnl altltaile und bnblt nf 
th.-iurtit would have to la: clmiiit.il from an eiithiiKlnxtle. 
en-alive Hlete of inliul. I.IM-.I iiikmi an aliumliu.,-.- ni 
rnrmiitlon l« a c»ld, lmper*ii»nl. ur.nlytle 
ullltiKb- lMKe.1 n|»'H lufumuitl.ia, mach of II ant 
wholly relevant, but neenilimly wholly foreliai to tha 
enw. fe..ni the yoymis and itn|K'tni>iw eotit.t»|ilallon of 
hln own en-ill b>n tlie Inventor would have to droji down 
to 11 very eliill erltleUm ef bbi own work aK If It were 
the work «f n totnl Ktrniikvr. 'Iliat U for iiui«t inveti- 
toni 11 iimelM-al IniiKmdblllty. and II Ik only nnturnl iknl 



KKsi-nlliilly the Inventor In the ukiwI eoiirw of hlK oe 
rviinilloii nniKi tnko rhnii.-.-* otberwlM- lie would imt 
be 1111 inventor; eKwenllnlly. tb.«*e oineernwl In ai-i-wrlnj: 
by patent wlknt the Inventor hii-. nebk-i.-il inUKt take 110 
eltaiitv*. and iiiuk< be Knre Unit no ehniM-i-K are IkMuk 
Inken. II wimld eeruhily be e.\tr»..nlliii\ry If boOl fiine. 
llotiK were M h» Mli«-e>»fnlly nnil.Kl In one ami the rain- 
linllvldiinl. Moreover. It an rreiinetitly aK not tukca 
more lalM.r inwl effort to get a anllKfaefory MieelttenHon 
tota-tber, tbtin II taken to nvake nn.1 o|H!rale the Inven- 
tion. Very often. Ihlnvs> 011 joper biok very' dMTenint 
from 11m- renl Ihlntr. but II b" a iwwt difficult operation 
to redueo tboKc dlirereiiee* to cuimpreheriKlble and con- 
cb* written Ininnuijte. Tlie awratte luvenlor would 
rallH-r follow up tlie practleal renllitallon of bla luveo- 
tk.11. or Mart Kom.-thliiir new 11ml fre«h, than Iw obllKed 
to go on-r nud over the wime old (rail itfraltiine bta eyes 
for KometliliiK he iloes not cure to we. and wblcb doni 
inrt hold nor irrlp lil» Intereat. Ilia imrilcular work I* 
diaie; It Ik up to ntlien. now— tb* pnleiit ebembrt and 
Hie intent onuttael. lliey muni dlu Into Ibe relevant 
ehemlKlry mid Ibe relevant eonrt 



. all 
taken care of. 

TIIK 1-AtTNf IIIVAIIKT ANII VHK I'.VtrST OffKt 

At bl*t, tlio Kl-e.IHrnllc.il l>c rM 111 the I"Htent Ofllee, 
anil iptlle n. often na not. Die liml iKIIre lylter wilt 
*ow the patent ebenilKt lliat lie did not provide for all 
fheulcal e..nrlnneni-le<. and Hie pnleiit lawyier lluit Im- 
ilk) not provide for all law contliiKroelca. or In the event 
evidently dirt not aw 

I not be 



inl-.iimlernto.K]. Then the work inUKt be taken up anew; 
explanatory letter* nui*t be written. aDd niauy timea 
tlM-Kf are not Huttleient. and peraonal Intervinwa are 
iieevled <<■ uneiiver Hie muae of Ibe mlKunilenitandliu:. 
Here iitnln Ibe imteiit ehewllat mnKt lake up Uie lech 
iil.nl Ktik- of tlie eane. wlileli. a» a rule, he enn preaeiit 
emieluKlvely fur la-tter Ibnn tile latent lawyer. Just aK 
tin- |Kit.-m lawyer Ik far Mter able to prewut eimelo- 

K-liely Hh- biw iuiolveiL l'x|«-rieliee IlllK Klu.w'n, how- 
ever, that law polnlK are tbefi far leaa frex)llently 
IliioKeil ll.ali are l«K-lililrwl |».Ii.Ik 

If now tlu- appllenflon. when In allowable aliaiie. iK 
pill Into Interference. It Ik the patent 
hi Ibe last n-nort decide if 11 
elalniK are, or are not. Kw-h that hU caKe enn profwrl)' 
milker llien live dvlii I |h ..f the Interference proceeding 
and the pretwiration of the li-ebnleiil teKtlmony. direct 
11111) era**, for iiimI ncaliiKt. Khoiil.l nil pnsa tile nntetit 
cIihiiIkI k ■K-rnlli.y. The -iintllty anil amount of work 
nimireil of the |Hlt«il elieinlKl In »nch prixr-rdllio is 
il.'|«.uik-lit alnioKl wholly <i|»-li llie eaullnn and alertnejw 
exelviKiK] b> lllm durllu' the development of tbe appli- 
cation. 

When iluntly a lutent Ik Ikkuc.1 and neci'llatlonti for 
iiopilHtli.41 of rittbtH tliereuink-r are titketi up, it Is tbe 
intent clu-lnlKi wlto immki exiK^md llie technical KwpeetK 
of tin- Knbjeet to eonimel for the olber i«lde. anil niuat 
apiln awl npiin defend IiIk work. 

7iir e.vr>:^7 citi:iiiKr and LmovTioa. 

However, tbe work of tbe patent ebenilKt no fur Ik a 
mere pr.i]i<iie to IiIk work when n KUit for Infrlm^'tnent 
..r lulletjl Ik under way. Here ik wln-n- be at tlmea be- 
i-onw-K iicliiiilly iIm- rliiht ha nil of roiirovf-l. ami the real 
leaf of hi* ability and |.rep,iredi.eKK takes place. He 
inu-t Klft and I.-kI tlu- evklenoe of InfrliiKi-ment, be tniwt 
«-riilliili.. and foreciiKt all puaalble nial probable |»jkI- 
II.«.k of blK upiamratx. iDUKt bare tile entire niOK. of 
fnctK ami data tit bbi tiMigtie'K eiwt; In fact, he muKt be 
a walk but and living dictionary, tubk- book, and eyelv- 
IKt-dbi n.it only thrmixb the particular art and caae In- 
voiv.Kl, but Into llw tnoet reflnetl and Kubtle dlHtiuctioua 
in any and every branch .if clieinbttry which even re 



IkI rniiueiilly baa Ibe fate of the entire en, 
to IiIk keening, and hU Kueee«K dependH not only upon 
bow carefully he bn« |.re|«ireil IiIk caKe. but alwo upon 
the celerity with which be can produce hi* proofs and 
tils nlrrtiiowK In nnlleliKitlii? or foi-ecaKtlnx tbe move*, 
ii.ii r ..r r.n. of IiIk oiiioiieiit*. and preparliiK for 
them l»-iln«-a. He mual l»- able to do bla work aalckly 
und min-ly n..t only In the unlet of IiIk laboratory or 
Ktudy, Mil iiMire often under Ibe alraln of pna.-ccdltur* 
netaally in pri^en-KK and In the prwnev of bla op|n> 
nentK. Not 11 Klnnle pliaHC of the eutlre caatr muat e». 
eiitie blK itltcntiiMi and scrutiny. In one litigated enm 
there wiik a total of 40H different chemical alateuieutK. 
f..r each of wbk-ll .11 the relevant facta bad to be eel 
late.1 from the llleraliire and Ibe relevant teatlmuny oil 
iKMth Hblea tabulnb*d for uac an tlw caae proirreioicd ; tbe 
subjii-t matter wbk rclarlvely dimple. Wlat would bar* 
bnfiped had that aubject matter been really complex 
U wholly a matter of conjecture ami fearful to contem- 
plate- Other and more cninpllcjted cuaea have entailed 
.jolte bk miiclb If not more, dlffuac and wkieapresd 
lulKir. I'rrtalnly no Inventor wants to be pestered with 
wieli. for blm. dry-aa-duKl detail*. 

If llie crucial teat of n patent be It* ability to with 
Ktand otiKlauxbt lu Ibe cuurtH, tbeu Ibe crucial teat of 
the utility of a patent cbcmbrt la bla ability to handle 
the vaKt amount of cbenilcnl facta involved wlUi alert- 
ih-kk. ceterlly. awl aoruracy* on anch occaalona. Tbla will 
lie rendered more certain and of a blither deicree of ef- 



l*t with tho nilijccl-matter. and generally tbla fainUl- 
amy Ik ttw greater, Hie loncer the laitent cbembrt baa 
been amoeiated with Ibe aubject- The auaj by true of 
the patent lawyer. 1 1 poll tbla ssaUBptioa It furtbex 
fotlows that tbe only? wlae pulley la to commit the draft- 
inc of ibe Kpeclficntlnfi nod It* prooecutlon In tbe fateot 



I., that imliiit biwyer to whom the defenee of tbe pat- 
ent In tbe court* is to be Don 111 lntrmted. Let tbese 
men eclcet tbe eround on which a dispute. If any, la to 
Ik- conducted while they have an opportunity of ao 
doing ; let tbeui abaite Oie course and form of the docu- 
nietit over which a atruiarle Ik expected, and tbe randta 
will lie far mote snliifaetory than if those wbo nro 
flrmlly calk-d ii|»Dn to defeud have no choice In tbe mat- 
ter, but roust take thlnux aa they Und tbem. 

It la true that only a very amnll fraction of tbe Issued 
patents Is ever brought to tbe supreme teat, and tt 
would be a very waaLeful policy Indeed to expend upon, 
pnimts of obviously little iDtrtDSlc ralue tbe aam^ 
amount of labor tiiat would b<- culled for by a very 
vitluable imtent or set of nntenta. But aa to a patent or 
or value there can be no two opinion, aa to the. 

pursue; let those wbo must nltl- 



Many icnlts for infrtuKriucnt «rf pitti-vits an- Ktart.Kl or 
are proiioaed 10 be started, mauy more tban actually 
Hod tllclr way to trial lu the courts In tbe prei.ara- 
tl.m of the teehnlciil matter HkKIi ..irenslce nn.1 ilefen 
Klvel; In KUeb iw-h-h tlie luileiit .IntiiM nnW clear ill- 
1 chirlly In the t 
> In such Uifonnal 
comiilclefiesN, celerity, and alertiu-MK to almost tbe siimc 
extent and degree that tbe more formal court procood- 
itijes do. Many a contemplated Litucntluu bus nirt been 
started becniiKe of precisely such prisjier pre|ia ration of 
material prior lo and durltiit unroll. UI-uik Inuklnz to 



It Ik not otily ualural. but Inevitable, that tbe flute of 
known facts cliiinicrs ami shifts and becomes fuller 11s 
tin- inventive Idea and tlie patent pass through tlie dif- 
ferent Ktiig.^ Jit»t outlined, un.l ili.-refore judgmi-iit ami 
olriuioii must freiiueutly U. tested and re examined ; 
I bmai ciastltiile the real ciuwe for keoplnj; the initent 
cbeinM In verj close touch, lu the umj.»rlt.v of mm. 
with the growth ami ilcroUipmitit ..r lb.- I11V.11M..1,. 11- 
well 11a nith the hiodiiees and nil .Klu-r similar eoodl 
Hons Kurrirtindlug It. 

TtiK rxrr.xi i iiehikt »»i. tiii: . llmim rai-nmv. 
From thiK Hketcby outline of the istienl dieiulsl, his 
flelu. Ilia mode of o|K-rnlli»i. ami Ills reuitbsji to Ibe 
-. It Is no doubt clear that be Ik a man who 
look at his dicmtstry not only with the eye arid 
tbe mind of a chemist nod of a manufacturer, but 
through the spectacles of a lawyer iik well; be must 
look ut iHitent taw with tbe eyes of a chemist and tbe 
nientnl attitude of u biwyer and translate the law Into 
chemical terms; lie must know bow to get convincing 
ami correct answers lo .iih-H.-jik of great variety ami 
stt.|s>. many of Iheiu seemingly' Irlvlal 11ml sln.pl.-, I.ul 
at limes of the utm.vst lm|iorlaiice. lie Is 1 
diicer nor a creator of thbiim: lie U 
uwnre. In tbe Dual analysis, than a catalyst — a catalyst 
enabling two or more .11 Irene ut iigendcs to operate In 
harmony and lu ciMnpli-to understanding with each other 
und thus to Increase the Kpeed with which the object 
aimed at Is arhkrved. and with generally beneficial ef 
feet upon the quality of the final product. He may also 
be regarded as a foster-parent to the children of the 
brains of other*, and bis function Is to aid Id their pro 
tection while In development. He Is perhaps nothing 
more than an tiddllimiut insurance against error In mak- 
ing plans for the future, ami be. value grows wllb the 
vahic of those put us. He- Is ms: a lawyer, nor Is be a 

tally a chemist with a cbemlst s instinct and a chemists 
sympathies; 1r- miud have a working knowledge and on 
uiiprvcliitioii of all bualiMsei ouodjtlons likely to Indu- 
ence the course of development of any and all of tbe 
InienlbiiiK with which he la brougbt Into contact; ho us 
a mixture of chemist, mauufaclurar and lawyer, and he 
luuHt lave an uistlnct and Judguient for detenuiuliig 
the correct time for. and tbe proper 
k pedal questions must be submlrted for final I 
He must be especially alive to bis own ] 
to those of others ; be must not be unalterably wedded 
to liis own opinions; he must be able, uu occasion, to 
otihloralp bis own personality and to pocket bis pride. 

Now Ibis brings me to the question of the status of 
Ibe patent chemist Id tbe organisation or staff of a 
cliemk-al factory. There can be no question that be 
must bo in the confidence of tbe concern much more 
Hum the routine or works chemist; he must bare 
greater freedom of action, greater radius of sdlvity, 
und bis Information should be firat-baud wherever ami 
whenever possible. He can make himself useful not 
imly aa above outlined, but also by keeping systematic 
of what 
as foroshi 

applications and Issued patents In all countries. 
untlcipaUug attempts to blanket or forestall his 1 
but bo may very often also be able to cull to tbe atten- 
tion of bis priucJiwl* new ftetda of endeavor and ways 
and means of entering them, which but for bis watch- 
fulness might escape notice. He should be made use of 
at every new tMnufncturlng or operating step of bis 
principals. 

Aa to his pnsltinn, should he be definitely Inside or 
outside the organization, tbe answer Is that It depends 
upon circumstances. In Knrope, in some of tbe ctiera- 
k-jil branches, tbe patent chemists, are fixed members of 
tbe organisation, while In others tbe patent chemists 
are in business on their own account. Just how each or 
any organisation shall handle 1 
same iiuestlona as does tbe 1 
modify or service — by exclusive contract, by ] 
contract, or in tbe open market, 
choose and decide for lbtelf. 

To put It In a very few words, tbe chief function of 
the intent chemist Is lo apply Davy Crockett's rule. 
-Be sure you are right, then go ahead.- to chemical 
lnventlons-a task not always, Intcrestbig nor pleasant. 
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The Manufacture of Crucible Steel* 

Its History and Technology 
By George II. NeiUon 



The pioneers in crucible melting said to have, been 
the Chinese, who used tho jvwcw many centuries ago. 
But the art in China MM progressed beyond the initial 
stage. The real father <if the crucible -»1<h*1 industry wan 
Daniel Huntsman, of Sheffield, Eng.. a clock-maker, who 
found it impossible to get uniform steel from whfc-h to 
make hi* springs, and ho ait un the idea of fusing Winter 
■teel in a mi(.i'hki. This waa in tho tatter part of the 
fifth tecnth century, and the melting of crucible hu+4 has 
changed hut little since that time. The details have 



| Ml | a* | as | S6 | a* | aa» 






■inlttlto Iwl n M 


s 


:o ] : i \ :i ' ;j •'•[•■ 




id M 1 11 1 1* I t> I it kg 








• ol 11 








411 


J L 




■5 




- 


— 





1 




over tho plumbago, or graphite, crucible* inasmuch as 
they do not throw off any carbon during tho mating 
process. The plumbago crucible, which ift the inmt 
generally lined in this country, consists of about equal 
pari* of plumltago and rlay. The greater part of the 
plumbago is imported from Ceylon. These crucibles art' 
capable of withstanding a very severe heat, and ran be 
UMtl a number of times depending greatly on the nature 
of tho mix and also whether tho cruritdes an* replaced 
in DM furnace before they got cold- The usual prat' tire 
j« in get as many hraU as possible from the crucible 
without lotting 't cool. As soon as the melted st,i<d U 
poured out, it is re-charged by hand, or by mean* of a 
mechanical shaker, and the crucible returned to the melt- 
ing hold. 

Pmrnuc4. The modern crucible furnace is of tho re- 
generative typo and is heated by gas, generally producer 
iras. although where natural gas can be obtained it is 



flow of the gas is reversed. Thin is done eviry 15 or 'jn 
minutes, and, in this way, the checker work on both 
Hide* if. kept hut. The ga» should not >>• pulled through 
tiie melting hole too rapidly. If it is, H will cut the ptsrt 
boles and also cut the crucible*. The ga> should fill the 
melting hole and show a small flame around the covers, 
This is a sure indication that the git* fcs getting around 
the erueil4c and not pulling across the ImM. <iu '!'!.■ 
ili i jul nf the hole t* shown in Kig 1. and a nrndim .to-pot 
furnace in Fig. 2. 

Charge or A/ix. The luisis of good crucible Mstsasl i» mm. 
and, consequently, the better tin* iron the lictt»T will lie 
tho steel. Then-fore, it i« vitallv necctoary that iron 
low in phosphorus and sulphur be used. As the crucibles 
generally in use huld from 100 to 125 pounds, the mix iw 
charge is weighed up in lots of that weight and placed 
In pans, called weigh pans, from which it is transferred 
to the crucibles. In order to get the exact analysis, the 




Flf. I- - Detail of hole in a crucible furnace. 



Fig. 2. — A JiVpot furnace. 



changed somewliat Iwt the actual process is much the 
nam*. 

The material to be melted Is loaded in a crucible, 
covered with a cap to keep out the gases, ami (dared in 
a hot nolo and toft there until melted. The crucibles 
have changed, the bolee also have been changed in shape 
and tow, and the method of heating is not the same, hut 
the isixkm is practically unchanged, Clay crucibles were 
the first of which we have any definite knowledge. They 
held about 50 or 75 pounds and lasted but ami heat, and 
very often .racked and went to pieces before (ho steel 
was molted. Clay crucibles of the present day are much 
more durable and are extensively used in Kuropo. hut 
little in this country. They hare one derided advantage 

* AiblruH of Itui fUHirtna CosItoiah .if Urn Mn-tiaitirmi fitrtlm* 
of the KfutbsetsV Morh'ty of Wisbei IVtiiMytrhnte. fmMbheo tn 
the rVhruary. 1014. Proceeding* ps#x>. DO. 



often used. Natural gas U proliably a more costly way 
to run a furnace, but it has many advantages over pro- 
ducer gna. It is easier to regulate, as the flow is constant, 
which is not the ease with producer gas unless a large 
holder is used. It is free from the poisonous fumes of 
the prtKlnccr gas and is much cleaner. 1 am not in a 
position to say whether or not it is harder on the crucibles 
and furnace than producer gas. The capacity of a furnace 
is spoken of in pots. That is a 24 pot. 3B pot or 6(1 pot 
furnace. That is the number of crucibles the furnace 
will accommodate at one time. The furnace holes, in 
which the crucibles are placed, hold 6 crucibles, so a 3AV 
pot furnace is one of 6 holes. The gas enters the holes 
at the bottom on one side, mixing with the air immedi- 
ately before entering the melting hole, and passe* out at 
the opposite side and then through checker work to the 
Mack. When the valve is reversed, the direction of the 




Fig. sV— A 10-inch bar mill. 



weighing mu*t be ear* 'fully done, in many raws to the 
exact ounce. When tho eruejhlu is filled it Is covered 
with a cap. This is done to exclude deleterious gases 
which otherwise would impregnafe the fctrcj. When the 
material to lx> meltod is weighed up, the amount of earboa 
given off by the crucible must be taken into eonsidcrs- 
tiotl. If this is not done, the cmrhon content of the Ingots 
will run higher than exported. Tho new puts, as a rule, 
do not throw off as much curiam as they wilt tho second 
time used, and after the third heat tho amount thrown 
out will be Immaterial. 

MtUing. The length of time rieeew«ry to reduce the 
mix to a molten state varies, depending on tho makeup 
of the mix itself, and will take anywhere from 2 to .* 
hour* When the Kfet l becomes fluid, it is usually gi")d 
practice to "kill it," or. in other words, drive nut the 
gases which would otherwise result in blow holm in the 
ingot. This proce** of "killing" usually takes from 'JU 
minutes to one hour or longer. 

Mold*. The molds m genera! use are known as split 
angle molds. They are made in two pii-ct-s, held together 
by ring* and wedge* one ring at the top ami one at 
the bottom. Tli- three ewieiilial <|ualili<-> are hmg life, 
smooth finish ami tight joints. If the in»ide KntHh w 
not Hmooth, the ingot will have a rough surface wliwk 
may rmult in def^ts in the uniflhed Iku*. If the jo4g4fl 
are not tight, the hot metal will work thmitgh and form 
a fin on the ingot. This tin will have to lie removed, 
which means added rogt. If it is not removed, it will work 
into tlio sUvl and cause eomplientions. Tho sinaBrf 
mtdd^ have the bottoms east with the side*. The l»rg*r 
moldrt, 7-inch and over, have no bottoms as a rule. tn» 
molds being set up on removalde bottoms. Ih-fore uV 
molds are used, the general pnaeliif is to smoke them 
with rosin, or some other heavy, irnw> , sinokt*- making 
uuiterial. This prevents the ingots from slicking, aad 
also makes a smoother suKace. The molds should alsu 
bo warmed before using. 

Trrming or Pouring. Teeming is n rirv impartant 
fenture and is not nvTelv dumping the hot iteel from lh* 
criH'ible into the mold in a hnphaxnnl vtav. In the nrsl 
puw**, the stream must he steady: if it is stopped and *'""' 
started again there will be a wvak spot iu the ingot. The 
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chilling uf the metal Unit |Miuml. however slight, will 
n-«tilt in u uon* homogeneous mass and tho ingot wlven 
hjunnu nd will ltfink at the point where tho Mopping of 
lhi<><tnam (Mf-urri'il. The ntn-iim tdnmid never (wallowed 
Ui strike tbi ■ idi •■ <if the ihxlil if it tliH-s it will rut the 
mold and the result will In< rough ingot*, and in a heat nr 
two put tin- mold out of eonuneiniun; also the stream 
Hboiild In* started am gently ax possible. If it is tceincd 
in without care the nu tul will splash ngaiunt the side* of 
the mold, and cause the I— W part of the ingot to be 
much. Thin teeming w not as cany an it looks and it 
taken considerable practice to make a man an expert. 
The weight Ufi.d I- quite i-..n-!'l< rnl.l> ; the crucible and 
tin* tonga weigh about 00 pounds and the steel about 
KM (wkiuiIk. a total of IflQ pound*. When you remember 
that thin Height has to he lifted ami held nfady so that 
the steel will flow from th>< crucible evenly and at a uni- 
form rale. the difficulty of dmnir the work properly '-a" 
be appreciate. It in not altogether a rpicttlioo of 
htrenglh, it is knack. Koine of "iir Mrougi-nt furnaee 
men never h«riHH| to item properly. Tltey had the 
strength hut eouUl not master the art. Whim a ladle I" 
used, of course, the difficulty of toe ruing U done away 
with am th*' id eel eau lie dumped into the ladle an fast an 
l^itwhle aurl tbe teeming in then done from the ladle 
it** -If. I Jut h nn tlii Hit* hard their advantages. It in 
»cccM*nry that the mold* lm wet up straight, or, in other 
word*, plumh; if they are not the meller in more than 
likely to teem agninsl the side, ami also a mold out of 
plumh is apt to have a bad effect on the steel an it chills. 
Before the «tee| )n pOttNd out of tile enieilile, the dirt, 
whir h has risen to the top, kImhiM Im- removed. Tin* in 
easily and tpiU-kly done hy mount of a -lee! rod known 
a* a flux rtfftfc. The flux will adhere to it and ran he 
removed without trouldc. 

i?P*f*. The wvnt enemy of the crucible Bird inciter is 
piping- I*ipiiu/ in canned hy the side* of the ingot cooling 
fabler than th*- center. The molten *t*»cl which comes in 
contact with the Bides of the nmld couln much fashr than 
tin- center of the ingot. This eooling effect of the mold is 
Ml for an great a dUtan*<c, approximately, an Urn mold ia 
thick. In other words, a mold 2! i r ie In h Uiiek will have 
a chilling effect on tlu- hot steel for that depth, and the 
r**oilt in that tho «ted thus affected will acjiarate from 
the mH und tin- p«ih' will form, of eourw*. thin reault is 
grral^t at the lop of the tugut for the reanou that the 
tendency uf thr- l»no to form lower down is oJTbcI hy 
the metal from the uppK |*art of tlw iwf>»t Ailing in the 
spaei . Tin pi|H> usually euntinuea tin A.hown ill the Ml 
hand metton of Kig. 4, hut often, especially if llw t^-miltg 
hiut Im-n li-'p.e t*«i rapidly, the pipe nppeani as shown in 
the right hand *o*'tion of Fig. 4. This is the most danger- 
oua form of plfjf^ an it Li not easy to deteot and renuunn 
when the visible pipe has been removed. There t* no 
cure for pipe after it gets int4> an ing<»t, as it cannot be 
wdded out or worked wit and will mmlt in the splitting 
of the Btocl when liardemii. The mutt gwieral Diode of 
treating pipe is to use hot tops. A hot top is a brick made 
of rtre'elay with a bole through it, tfan sue of brick and 
hob- depending on llw hIik ut tho ingot cant. Tbe method 
of handling hot tops is as follows: Whr-u the mold ban 
been almost filled, the hot top is placed on top of the 
hot ttloel in the mold and the hole Ailed with the melted 
steel. This plug, an we may cull it. nettle* into tho pipe 
as it develop*, and also has a tctideney to keep the top of 
tho ingot hot* and thu* lew*, n the pipe. When tbe entire 
inanH ban cooled, the hot tup is broken off and the top uf 
tbe ingot appears as shown in the right band ingot of 
Kig. f». lie hoi tup. which lias been broken off. lying on 




Fig. 5.— Ingots caat without and with hot top*, 



top of the ingot. Tbe result of teeming without a hot 
top is shown in tho left band ingot of Kig. 5. The hot 
lop. however, does not prevent the formation of small 
eat it tea below tbe main fiortion of tho pipe an shown in 
Kig. 4. It should bo remembered that tbe hot top brick 
must bo heated to as high a temperature an it will stand 
lief tire being plaood in the ingot. If this is not Hone, tbe 
cold briek will chill tbe steel and destroy the usefulness 
ot ihr hot top. 

7V» DreresM Pisw. A number of jxktent molds havo 
1>een tried but all liave been of indifferent suceesM, and 
the added cost has worked against them. There is no 
dtmbt that tbe preacnt style of nwdd aids piping, and 
all of un who are makers of high carbon steel are living 
in hopes that some day someone will discover a mold 
that will eliminate it, at leant to a great extent. Home 
of tin- pecMeiit moht>. thiw for instance whieb are tapen^l 
with the largi' end up or those that have hot mah-rial 
jiacked around the top are merely ada|»tionn of the let 
lop idea. 

T»t>jnt*ff, When llw ingoln an- cold, they are rentovod 
from the mold and l*»pi>*«|, that in, tin- top is broken off 




Fig. 4.— Cross- sections of ingots showing piping. 




Fig, 6. — A l.WO-pound hamrntr. 



so that a clean fracture is ohlained. This is not a 
laborious joh and two truiiml tttppem can top a large 
number of ingots during a d»y*n uork. A trained eye 
can tell from the fracture the earlinn eo>iitent of the ingttt 
within O.ftf per cent. Thin is mil as difficult as it may 
seem, and anyone with praetine r»ii liontMne very efficient. 
The inanganeM', pho«]»lwiruB, sulphur and silicon cannot 
bo determined thin way. Neither can tho carUm of high 
■peed stool be determined from tbe fracture. 

Working. The proc*ien of working the steel after it is 
made is of great importance and the old rule of thumb 
days are over. The heating of steel wan guenned at and 
many a good piece of steel wan mined hy a worker who 
inherited his trained eye from his grandfather, trickily 
for the steel maker, the uw of pyrometer* in U^iming 
more geikeral evt-ry day and gucttning at hardening U*in- 
Iferaturen U ran ly done. No ntet4 can lte made fool proof, 
and no ovr*rhcalcd ntecl can he math< us gond an it wax 
before it wan ovi rinwttW. It can. if not Um> far gone, he 
restor«*d jkartially, Iml that In all. High Kpood nUel in an 
near fool proof an any, hut even it can he liarnnsl by tint 
much Are, The result <»f overheating i« iutereeting, and 
I bu>e here some inieeeti of steel which show itn effect. 
I^ater I will he glad Ui show them to anytmie interi<*tcd. 

fbtUiny, Rolling, like hamiiirring, munt lie eafts*ully 
dime, if good rvnultn an- to Im* expected. The hc«ting 
should lie exact, not gurftnod at. If the healing in not 
made to conform to the carbon etrtileiil uf the nt*iel, the 
rrtiultn will not \»' natinfttctory . Kothng erucihlr sUel 
is not a tonnage proposition, it camuit lie riislwMl <mt if 
good results are . a | .. n .1- 1 1 in unlike open hearth nlcd» 
whenr as a general thing "quantity" to tin* slogan. To 
illustrate thr different': In reducing a ■! :neh w|uam 
billet of open hearth to 5^-ineh round wo woubl hate, 
say 14 pansre tltrough a mill tlriven at high speed, ami, 
at the finish, a bar of appniximaUdy 100 feet in hfigth. 
With crucible steel, if a ?^-ineh round, we would liave 
"Jl pamaiw through a mill driven much slower and a bar 
about 12 to 14 feet long, but the extra and slower work 
means a finished bar much closer to size, planished and 
free from scale. Pig. 3 shows a modern 10-inch bar mill 
for rolling high carbon crucible steel. 

Hamnurt, Hammers are of two kinds, single leg and 
double leg. The single leg hammer ban otto advantage, 
the absence of one leg allowing the hammerman to work 
both across and lengthwise on his die, which is at times 
an advantage. This hammer, however, is more difficult 
to keep steady than tbe two big hammer, an it has a tetl- 
deney to spring with the blow of tbe ram and thus work 
loose on Its foundation. The different size hammer* and 
the six* of tbe work usually done on them is **» follows; 
A 500-pound hammer is capable of handling ban it-inch 
up to and including *«-inch. Fig. 0 shown a 1.000- pound 
hammer which handles luurs from H-ineh to Hi-ineh. 
A *J. 000- pound hanuner can work ban 1 * h-ineh to 3-inch, 
and a thn-e-ttvn luunmer (scefrtmtis|Hi<ee) t bars from 3 to 
0-inch. Of course, smaller or larger sixes than thowi 
enumerated can be worked on tint* various hammers, but 
the general practice is within the limits given. 

The 500-ton steam hydraulic press, shown in Fig. 7. 
will work high car boa Ingot* lo-iurh square. The press 
has some advantages over a luunmer. It is much easier 
on tho workmen, as it is free from slioek and jar, ami for 
this same reason it due* nut cause <k*torioraliott of fur- 
naces and foundations adjacent to it. It works the ntctH 
all the way through and gives it a density which a hammer 
does not. This (a probably due to the fact that preying 
the f<tec-I causes it to flow while the blow of tbe hammer 




Fig. 7. — A SM-tun steam hj draultc forging prraa. 
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is mtnly looal and Is nut sustained lunar onoiurh to afjis't 

the SllH'l to the l-enter. 

'f.m-iirTinff. Hammond st.-el, that is j-tiij work.nl 
ioto hh*]K' under a hammer, must bo lory eandully 
lu.n.ll.Hl ir the Isst n-nulti. an- to he obtniu.-d. The bar 
to !■. kainniorvd must not hit owrlualod, if it i*. the 
rotimo grain n^ullinc will not n-spunii to tin* n*tiniiiK 
inl1ui-ii,-i' of til*' limiiilitr, but it rutut In* tMinkisl, or in 
other wonls Inuitinl ttmiuirh. The liamm, rinif must l»e 
done inlelliifenily and I In- of the hummer n-ifulatint 
to <«wn-|K.ti.l to Hi.. diuiimnliint- heut of lb., liar. Il is 
also important that tin- work done should not lx- done 
1111.I.T u hammer Iim. heuiy or Iiki lieht for tin* wisrk- 
A lieaxy hammer will rnpturo tJu- »teel aii.l h bunuiwr 
t.M» hlflit will lus-n-sjitate too many bluw- and eontinutsl 
ri'littttt intf- Tin. wi-iylit of a hnminrr is. in shop parlanoi , 
iroviTiiod Ity tin. wi'Hrlil- "f ill" '"in- piston n«l atul |si>tiMi 
h.ad. Kor example, if Hie hammer i» a fi-Um liammi-r 
then tin. rml, ram antl li.ail uiinh li ton*. Tin- dies of 
.- made r.f eu-.i in.n iritb a ohi]I*Hl MiirfasH-. 
I to n hiii. finish. Tlw i>fo|» r Kniidiiu: of daw 
is an art. for if the die*, are mi |.r>.| M-rlv vround It ih iin- 
-Msa-iliM' t>. fit-t itimk! n-sull-i, an the bar will 1m. bard to 
hidil ami a ill jiiiii|. at caoli hhiw of tin- hamninr. tin. nwill 
la-iiut Ibal tin- work Kill nut 1- truo to sliu|ie or -.ixe. 
Stm-1 Hi<Tt an- sometimes umiI but they do not laki- llw 
siii.miIIi surface and [iijudi nf tlu. iron dim, luid enn»«v 
qurntly will ma plani-di tin- ntia-1 an wi ll. Tin- pn,|»r 
hajtinu-rinj,' of i*te\-l in tbe wurk uf an ex|aTl. It i-aiiuM 
Ih* l« tirriiHil in a day. and a man to 1m. a irmal luniinwrmwn 
sliouhl havi- mtvihI an appnuitii-r-diip under a llr-.t-.-lip--. 
worker. AHIioiikIi hammermen at*, laid by the ton tlw 
work is not ruadnnl out. and i|Ualily not quantity sln.ukl 
U> tin. wut<-bwor.l. Tliin iKh-h not nn-uti that a man dor* 
not do a fair da> 'm work. It b> w'i'll known what a ila.v'w 
work is on any nba|M. and xiw. but if tin.- work in to U* 
rtrpt-rlu**! a> to linisb and brat tn-aliiM-ut, it i*nniio( 1m. 



rufctM-d. but must 1m> jpvi-n itii prop.'/ nllownn^f. o* tiinr. 

/iiA/H/ViuA.. All .-ni^ilif.. Kti-^1 hImxiM In- \i-ry tlior- 
oui;lily tnH|Mi'tt-.l for d.-fiH-t* U-fon- Hbippini;. It in iiiikIi 
lii tti r r..r all t-onr. rni.l to kin p your trniibk- at honii-. 
uiul if tlnr.. i» any doubt a« to lln- h.«iii.Iih.m. of u l w r 
It nlioiiM U> wrapiiin:!. It will 1m. i'lit«(M-r in tit.- *-tid to 
do thin tban to taki- a cluum-. lns|MH.t.irs should Ik* 
irivi-ii pi. my or Inn. ami not liurri.Hl in tlu ir work. All 
bum .lioulil !■»• topi-inj uiul i-an-fully r.\iiuiiiii*d lor pi|M\ 
I'Mlally |iipi- in *-iuiy to di-tiyt. but at tiint-H pi^M- Kbowii in 
r.lw- form or a lsri^ht spot, no uuyit tlian a pin point, 
known «« a "star " It dmn not imli.-at.- tin- ..f tin- 
til|M- lurtbir in iIm' bar. atul niunt bi* follnwi-d until no 
triwH.- iij pint 1 inn 1m> found. If tlir surfai-i's of tbr finishi-d 
bisrs show si-aniH tlwy sliotiM Ih. tilinl out if not too d." i>, 
If allou'inl to n-inuin. thry will raiui- tmubU*. iiniMHilally 
in a I'littinit tool, as lhi-y will i-auin. iwk> when the 
«t.«.l is liardi-ni-d. If tlt» wains an' t..i dwp Vi ftlc out 
(wily, tin- luir nhutild l«- mraf.|M-.l 

(Vir/wn mid .4«n.v Slnlr. Tin- UM-fulm-Mi nf alloy hI.h-Ij 
wan not Kinrrally known until a fi w- yi-ars 114^1. Mr. 
HolM-rl MikIii'I. who wan tin. pion.'-r inanufa.-tunr of 
Hi-lf-barvK-iiiiii; or air-lianb-niiur sti-i-l, inmb- bin diH.Hiv.-iry 
in UtOS. Thin hUh-I diffi nxl fnim tlic ordituiry ur utruiKht 
.-arbon shul in that it i-oMaioiH. tuigpiu n and that it 
wouW hardi-n if lioUil and lli. n allow\-d to ..wl in ttiu 
air, Tins Muahrt »l«-l had tlin I'u-ld to itw-lf until Mr. 
V. W Taylor and Mr. Mannsnl Wliito, of Ih. It. tlilc-lu m 
SIihI t'oin]«ny. di»-onTvd lueh sikoI MihI. This dis- 
ri.vi.-ry waa tin- miult uf atmut 2i"i yi-urs of liar.1 work. 
AlxHit 5)1,01X1 i-xix-rinu-nts wi-n- iiuuir and riHH«rdi-il at 
1111 approximate i-i»-t of KHNMaKl. It was iinfortiinnti- 
that thiw Kttilk-ini-n dnl not rtn-Hvi- Uil- rvwanl tbi-ir 
lalK-ni «iri'ly i-ntitli-d thi-in to. Tbi-ir npfilirntion fur a 
pat. nt was ifa-nint and tii.ru was a p n. rid rush of sl.i-l 
luanufai'turi-rs into tin- li.trh s|mhh1 inark.-t. and toilay 
tliiTi- ar.. our KM brands uf hUrh m|hi-<I «tiH-l. Tin- 



Taylnr-Whitr- si.h-1 was a iiinirstrii st»-ol w-itb thi* aibll* 
lion of vumidi'iiu. TImh.1- ''tiiiicst^n-i'aitadiiiin" hu-h 
s|hh-.1 Kt.H--lH lia.1 tin- marki-t to tln-nin. Iii-h until ll.H-k»-r 
introd.K-i-d .-obalt si,-. 1. Thin st.n-1 i« a tuiiK^i.-ii-vana- 
dinni-<H>l-alt .till, wlii.li hn* Holii.. valuabli. |a-o|M-rti« 
Tunt-M. i. iiiti-n'sosl tin- H. Kiitiri.- world s.nn.- y.ars I.- 
furo Muxhi-t di-inon-.tmt.-d iu valui-. W 1 lin.t that in 
ITS-'t t4iii^sii-u was found in tlu in.-tiilli.- stut.- by D'rll- 
l.mirstr, win. ph-ni'iii.Hl a iiii'iu.iir on 1b>- subj.H-t to th. 
Ai-ndi nn <* S i.-n.-.- at Tonlouw. Tin- Dtir .1.- l.nytu- 
in ISI-I publish,.,! a un iiioir on tin. nuui.lfa, tun- .» -an 
mid lUmaskid stin t uhi.ts.i.i [><■ imhiiIihI nut that lumrsun 
nplw-ar-Hl in S or 'J aualyni-n i»n.'ii of orii'tilal daiiuo.ki«l 
SU-.-I. At the t ^.uirri-.u of Miii.-m and Snw-lli-rH. Ih-1.1 in 
Vionna in IfnoS, nian.v *,)MH-inii-nR 1/ tuiu^ii-n hI.h-Ih wi-P' 
sbowu. At that tinw, tbir>. w.-n- many a.h<s-ali* of th. 
KiKid ri-niilUi of tiiiHr>t<-ii and also many who ,-oilld 
in it no valuo. 

la, not nuiftini. t.>d Ht-nl with ,-ru,-ilili> slu-l. ThU u 
a v»-ri i-i.iiirnoll i-rn.r and om- wliH'b -hould 1m- iivoidnl. 
t'aiit sti.-l is also inisliadini; iiiasmii.'h as it .sfli'li ,I,.-h-|v,-h 
tin. usrr. Muuy 1^ tin .-)i.4i]mt i^mdi s of tools an- mail, 
of o|"-li bi-artb «t,. l. wliii-b i» aim, a ,ivl stoi-1. so il i. 
«H-n that Un.I Mih-1 and rant sliW do not iMHM.s-anly ntiwii 
i-m.-ibli, st.H-1. Aiiotlixr ,Tnir wlm-h u fri-.pn-ntly run 
into in tin- Mip|»,«iti.,n lluit ill.- -trail,' of sb-i-l . I. p. ■>.!•. on 
iu i'iitIhui ,-outi-ut. 1'bi^ is a imstakt* atnl tin ordiiwry 
irraili-s. I miiaii by isnlirutri-. straiicht ,-arUiti hNh-1. or 111 
utln.r w.irtU non-alloy st.s-1. i-an In- furuisbiHl in any 
riiiMjnabli- i-htImiii. Aiuitlii-r iui*u|,pr.'b,'iiMion iinikr 
w-hii-h many uwm of stin-l IhImst ih that llw trraib's of 
»U-| .-an hi i.stitblishiHl by analysis. This is, i.r .•ours, . 
not tin- i-ai... I ban- •..11 many analyses .sf ,-)» n Iwarth 
«Ut-l whii-h w-itv bilt.T lliiii tin- onllnao irra<|.» of 
.•rii.-ibli- sti-i-1. If thi- i.hi-iniral analysis of sLvl was all 
that wa* liiH-i-B-ar> to i-tablisll ita wi«-tli, tlu- „|n-il hiarth 
wiwld liavi- put lb,- i-ru, ibl<. out im" husili.™* lout a«o. 



Edible FunKi* 

Br W. A. MurrUI 

Tut. urn- of imishriMiuis lit thU rountry U ns yi-i vrry 
llllilt.-il. mid rv«.r> si-ilsi-ii an Iiiiiih-iih,' ijiiii III Ity of na- 
IritinilH. ilUi-HtlbU', and fialiilnbli- foial izih-h to wtiHlt* III 
„ur tli-l.ls and for.-slH w I1M1 woulil l» utlllmH In Cbtnu 

and iiiiiiij olln-r purls of thi- Hid World. Tin- Hi 

for tlibs U IsnoraiHT mid f.*ir: lurk of kinmhslKi. rv- 
inirdlui! tin- 1sHI.l1- kllals. and 11 v ( -r> d. Ili.lt.- Iinpn^loii 
1 tmt sonn- of thiin. ,,r in,-st of itii-nu irr ilnnci-rouv 

All knowlisl-ti- ti-inrilliii: tlw -sllblr 11ml jniIsi.iiouh 
lu-mjM.rtli-s of luushns.ius Is Ii.ih.-hI 1,11 i*xiK*rinit-iitH. i-ltlH-r 

itilriiliontil or uidiiti'iiiloiml, Tin ly sari- rub. is to 

kijuwii islllili- r,.nnn until i.tlirn. inv 
tr our Is 11 ts-Klimi-r. ho Is llki. 1111 

.•x|S),Kn-r in 11 ul-w ivmntr. with an at hiiav of iittrai- 

rli'i- fruit inur nt biiinl, whb'b iiiuj U- b»hh1 or uuiy Im> 

rank |H-ln„n ; In- «-m I icll \i ltli,.iit 1 r> I >K It, null's* 

sou*, nallvi-. who lias l.-nrn.-d fmni his own and utlivrH* 
^xi^'rli-nrv. hImh-ih. bb, know li-d£t' with him. 

'Hie majority of tl«-<liy funcl an* mIIIiIi;, A ci-rtuiti 
iiiiml. r an- bltt.-r. or |«,|>pi-ry. or sIIkIU!> tsilsonmns. or 
oth.-rwisi- oliJiH-lbmiibli-. bill not .Undl). Tln-lr ,lli!i-s41 
MHly «»fli-ii d.-fHiids im tin- way tbi-jr arc pn-IKirrd mid 

OK-Kisl. Ulxl I'll till' ISH'Ullllllr |.~ l.f ||)l- |l|l|it|l|||.Hjl Ulpi 

i-ills tin-in. A fi-u nn- ileiully |s ,1s. .nous. Two sjMi-ii's. 
1, NiaiirinJ. /,A,i//oi,f« » iiihI t"i w. auriii.v miiiji, utin*. tin- 
11-sponskbli- for iiniHt ».f tin- 'l.-iitbs fntm mii-,|ir,s«u »sii 
bur th" world ,nw. If tb,-«. iwo n.-n- tliomiiKlily 
known uinl av,,|,l,-»l lu thi- ik-lalty of N.-w Y..ik i-lt>. 
rln-r.' would protiubly Is- 110 fatnlltli-s ln-n- from iniisti 
r,s,in iHitlitii Tor tin- n.'\t It'll yi'itrn. 

My udvUs. to iH-irbiiK-r* L-i to iHtiiliiu- thi-iiL-a-lvi-s ill 
tlr~l to iri.,ii|.H Unit eoiil.ilii 110 |s,i-«iii,.u», far 
ii.s kiiimn. „r 1, 1 ivrliiin s|mi-Ii-s llnit riiimot la* instlv 



: 1. Mil t«\ mois-Niii**. 

(•..mm iLshnsmi. in,-r.*l. ,'hiinliir,->l.-, iHS-fst.-ul:. 

and »ul|,tiiir-i*.,t,,r,d |«,l>|.,rc. 

NlMEU}' millu-, is.inni.ui inkriip. nlal k-ll»l,-nliiir li.kc'H|. 
All pil tn.nl Is, pniTldi-il llwy nn* wlilln, t.-mlrr, mil 
lii,ni,M-'i'iiiH-.ils within. 

All loml -fuiurl. If tlu-y nn' fn-**li, irlsp, liiiib'r, unit 
buvi* n,, Iki,| ,«l-,i- lw,r bud IhhU-. 

Tin- oystiT uinslir.Hiiii .11..I Its ni-ur i.-lulivi's Tb.-..- 
nn- law. with wlill,- hIMh nod Khori kL-dih. uml ,-row 
.,11 ,1,-nd w.s-il also.- i^riuiud. 

Aft. r i-i'fishli-riiliii- study ,ii*.l . \|« 1 kiwr. niori' dlnV-ult 
dl*llln-tlons tuny Im- mini.' -Hid i-lln'r irn.lllis takm up. 
Him: 1 m 111 'M. i:i,[iii.»: **i-i. ira. 
I%,l> 1-,1-i-h lli.tr nr.- Kiillvh'iitlv triirl.T. ttroldliif; cor 
lulu II..MI and / ,.»•- 

l:..|.tl thut bin.- Ihh-ii i,~i„i .-,.,.! f,^i,i,i ,i||t,|o, iivlil 
Ink K«>«. «»« «'.n»imj...s minl-il', •./,r«, , «», 

uiul f.vf<.-.iJu.i ». II. i<,rl li-ulnr, ,,r nil s|«vl.-< with 

'"I I'd" "ih im, I i.Iii.-i- ..r |H*|.|s r) nisi.*, and -.jKH-l.**. 

Ihnt turn blm* .pili-kly wb.-ii luindl.Hl 

• A>tn.-t - f > In tar.. *]|>. ml si II,.. V, w~Y„rtTlli.Uii!,a| 
la ta. V..n«,l g€ U, 



-S|»i-li*H of /fiu«»/.i anil /-in-fit i-i« wllb |.|.nsni,l .sl.-r 
and tlavor. ai.,lilln£ siw-h sras-U-a us /,, ru/a, h. foriwi- 
a'.Hii, iV, /,H-f, as, and H. . wo li'W. 

isovonil sia-di-s of /.rivlo/ir, avotdliit; I.. If1.1-.9nni, with 
**ri*vii N(s.n*H, and stas-b-H of \ tnrntri**. 

MvinnmiuM untitlr* must n*,l Im- iHinfii*asl with St 
ui'um. in.r with Iwu-Hdc l*A<la. 

rlilrn vhr, Trirhulnma. and v,M v bi* an- iisnullj nil 
I.I.*. avoid «-UfM- v iHi l/luif. iu l.i.Anal.i I... , l.<-.-li 
twtnblcw I . ii.ii«><»s. 

Ib-f.irc utli-miitliiie to nai- uiu-.liriM.uL-s at nil for foist, 
•mi- should hoi*iH)n» arsiuiilntiHl wllb llw i-bli'f lailaniania 
.s|M*rli*s. If isiHslliH', by runsiiltlui; any oiw. of *a*rcrol 
Ihh.Ls on niushrtHiois to ra> f.mu.1 In tli*. public- llltrnrlos 
Tin- ibv-nll} |«,lHi,li,>ua sfWi-it-H arv IikIiiiIihI in tin* crniw 



.v,f*u,>i«/u* In much iuoit ,-i.iuiii,,ii fnrlbi-r anuih. and 
1 . —tlttariu* run hunlly In. i-alli-il iU*adly. 

the rini^ nusoNoi'8 sri;i itw. 
I - ,i< n-iHm ph-illiiiiii; V. masniriii-.. V. n-tnaraulas. 
ami I' r.jfirni*iiiA. 



rftypliiar. 

(■»/,.r„a»l»(lum «../a',d</.« I/..J10.M Uortfiral). 

/.ussaf.i and Lf lniit, nl.iut li-il H|ai-||H». 

It. Hs.y H|s<riHl »i*r*rii-s. a fiiv. 

Si-ii-rnl of III,* pbiillolil... ]ir,,lKibly 

Si-n-riil s]h*i*I,*s in -t yi-l ti-Hii-d. ilrnibtli-Ms. 

N,.li- thut ix. t,r..wii **ts>roil, 
nor l.la, k «|«.r,Hl »|»h |,-h nr>- IM.>I iitnu.-. hut u.d nil 
buvi* Imh'Ii IohIihL 

V.-nrly two biliidrisl wut.r.olor ilniwlnn-s, of Ihh-ii I 
isHbh- uinl |*.,tsoii,-iis inusbriM.ms linia rrrv-iitly tM-t-n 
IiisHiIIihI In tin. 1 .iil.lt,- iiiusiiliii .if tin* Xi-w- York Ito- 
iniik-til tianli*n. TIm*.**c* urn nut ui*i*i,niiMinU*il tiy ih-Hcrlp- 
tl,.ns. imr nrp flio odlMi- s|,h-I,-h d«-licnalnl, but the 
Htii.l.iit .,f funul will liui.' 110 illtfk*ut|j In n-r.,1.111-1.111^ 
H1-.SI of Ibi- oumiiMii l-s'iil siws-l.-s, man tln-s- ,lruwliis:s 



l'flr.l'Aai*-i; AN11 rooKlMi u 1'RirafMll.ls. 

lti-Jc*rt obi siM-rlmous or tlasw Infis-li'd with Intai-t*., 
,-nt 1, IT llw sti-ins i-itiH-pi In rnrr nisi*s whorr- thfy arc 
utiiL<iialIy Irnilrr. |M*rl a fi-w kinds thut -as-ni 1,, mjulri* 
It, wiiMh ,|iilrkl> in ,s,l,l uiiti-r, driiln nod k,s-p In a crs.l 
|.la,T until rra.ly to .s,..k. As 11 nil.-. iiiiisIikshiis .111.. 
in* la* kopt iwjr Ioiik In 11 fri-Hli i-ni.litlnu. 11 ml this Is 
latrt iiniliirly tnu- of cvrtnlit n-ry dr-slral.li. pjs*cicsi. 
Whnn rnori. nro r*nll.*-toil than run W usihI ut onro. it. 
Is Iht-i to I*-, II tli.-m ton mluuic-H. drain, k.-ep In a its.l 
(tlii,-.-. mid rtnUh tlw> oooktnsT w\i ilny us rltslml. If 
iiI|.,w.h| to Htiiml In wnl,*r. llw lluvor Is; Imixilrinl ; ml**.., 
Ish-IIii; nmv r.-m,.v,- snim- -,f thn l»-*t llnvonsl |<,rts 

Is.-IiiII.hI itli.Htloi.H fur n.ikiriL. miisbr,»,ins nn. irlvi-11 
in m,-l ,.f lln- l.,>,ks. 'Hio m.-st pr.irlMl nn,] su,',vs- 
ful iiu-l b, «l> nwli'i. lit. "Iii-h'I v 1 'h into brolllne. Isiklm*. 
ni,d sii-wln*(. In tlw tlrst. whlrb I -nrrfar to all other 
n,<-t buds, thi. innslins-iik* nro rookial tlwruuclily but aa 
,|,iloklv n« p,*-«lbk- ou both -dries nvnr • h.x Are: -u*a- 



• ,f basiisl lanini: uml ML-rt'.-d li.,t on ton-*!. To but. 
tuiisbrisims, lliu* lln* |hiu wltk t.sisl. add tbt* simi'Iiiwii*-. 
KH'iis.,1., t«,ur In lialf 11 .'lip of oiN-ain, 1'01,'r i-l,,m.l), ami 
Isikn nilbrr sbiwiy fur Jlfli-eii mliiiiti-H or nion*. iuis.r.1 
Im; to .piiilll). In *-li'Wlujr, th.* nnislir,s,nis nn* Isiiloi 
In wator until lliuniuirhly CM-kisI, tlwn hi-iihoIhiI. tlil,*s 
illl-ll. Hint sirvisl oil I.uihI. This lust Mi.Hwd U nflf'l 
uhihI for lln- I, ,111,-bi-r or iHjorur >ark-lli-w. 

The Applkatkwi of Jcta for Mixing Purposes 

By Oakar Xaitrl 

•li.T lipid in im*i'*i i-iuisist priiu-l|uill. of two i.r nion.* 11,^1 
T.lns of lia-rr-nKlnic .llanii-lnr iiimI >->, iMimiH'tisI Willi i»»rl, 
olln-r that Ibi* ii-t of iras or Ibiuld |sis*m*s fnmi 11 narrow 
to 11 widor ni.Mlv, wlwn'by 11 la.-iiuin Is, rn-aliHl, and 
llw uiali-rlul that b. to ho unoisl Is lriiiiH|«,itoil by (be 
>'t. wtilrh aot> as motor. Siu-li ,ip|mriilils is i-ustly lull, 
dlod, bu« 110 nioiliic lartiv. and n*tulrt*i. link* n-|silr. *u 
thut Its low 1-lbi'loia.y us a motor Is not 11 drawkuol; 
wbi'ti u>-**d only f.,r liiti-ruilttrtii wisrk, Tho lajis'tnt, 
how-i'vor. is-oupb's an oxi-i-pltoiinl tM*silk,Ni. kIiht- tlw li'at 
nwriry ..f tlw stmui Is ri-o,.vi-n.| by l-olnc rottinnsl !,• 
tin- lwllor. 

'Ilio low oltii-li m-y of J,-t iipisiriitus ns • lraii--iportorh' 
In ciiHsod by llw fact Hint alH.nl To ia-r iilit of tin 1 nn 
i-riiy of tin- Ji.r Is is.nsiinusl in tlw whirl, wltlrb I. 
fol'liHsl at tin.* traindt of tlw |,*l from oik* lioxak 1 to th.' 
other. This whirl efTis'l* s,« Inllmilte a iiilxlnn* of Ih.' 
motor Jim with the ni.illuiii to I- moved, Hial It is » 
miitler of surtirl-a- thin >t aiwitUntxit have not Ns-n 
ll*.sl ns -mixers," riilhel than -trniis|s.rtora" 

Tlw eln-inkwl liidiiHtry rallwr Ineks inlxinit np|i!l.ilM-i« 
for pis**s and tl,-ill,ls, and tin- Jot iinfuinttu* is well 
worth iHMisideratkiri fur certain ,,|*.-l-atl-,lis. <>iw of the**-' 
U the i'liaiiilM-r prn'mi of nuiiiiifiioturiiii: sulpburk* tioi-a 
which r.s|ulix-H -.'Ininils'i-x of i.'ty larno dlmeiialnm In 
enl.T t,, mix lln* isnsi*s tbotxiuilhly dliriiij*; their Irtssage 
Wore It |H.s>it,io to inlnstinv ttw iai».-s as a m-rfort roll 
turx- Into the i-luunla-r. its dlm<-iis.lona cmld U' nnK* 
reilneisj. 

White till*. apiKiriitun has Ik-iii nsHaniiM-niliHl for aw*' 
bit the cii.*v*s throfleh the obiiints'r -Hysti-m, Its rlfert s* 1 
11 mtxll'L,' inai-tilne bus lieen entln*ly ovi-rbM.koxL 

In oixk-r t,> use the >r blow er n> a mixer It must Is* 
,s.nn.«-i,Hl wiili th,- k> >t,-,ii In n diffi-n-iit way fnim wM< 
it would In- If iischI for the Iniiisrn.rt.Klon of ail*.-*- " 
Is n.,t .-lu.uirli to lend si.-.itu tliroiiitli the wall of H" 
ohainlH l. nor 10 Insl.ill a sli-um jot blower wilbnnt hem 
iiiL- Into the pipe eomlni; fr.,111 lln- (1I..V.T With xui'l- n- 1 
liishilliitlon ,,nl> n pnt-1 ,.f the eiises w .mid uet Incans^ 
r-.it-sl Into the whirl, mid n pui'tinl lulxture only woulil 
ink, i.la.-,- In oi-iler I,. ,-lfiH-t 11 |-i-rf,H*t mixture. IK" 
whole or the pis inlr*.t Is- fon*ed tlir„i|t*tl llw limrjlrs 
Tills, is ii<ss,iu|,llvli.Hl l,y lluhlly n.niiis'linc tlw pis I'll'' 
of tin' H.Hloni. pn-r.-nil,ly thai pun whl. h lends fmni tNi' 
lilover to llw lirst ■-liaiuln-r, with the Itilel ihwvIiiE "' 
the sleiini J.'I blower. 

In order In prevent the rnmtH from otiterinit the rh'*"' 
bor at too liJ.U a Ituiia-ratura. It la ailtlaitble H> «al»*»' 
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the lower part of the rasing of tin? sloaua Jet blower, 
[ii the apace tio gained a tubular cooler Is fino/l-h-d tf.rr 
either iilr or water i, In onlrr to oin.l the sns-es to fV> 
dog. tVnt. The gason inivtl from tlw Clover through 
llw Jet blower to ii small chumts'r, mill from heir 
tlirougll two n-uiiion towers to the -»u> tvilsano. 

Ill onl<T III lllLT.ll*' l||r Mixing iffll't Of tlw llppll 

ratio, as much us i-~.ll.li' :iii.| li> nslucv Ihe -|in-1..r- 
rlTeer of Hi,- j.-t. it is la-sl In liuvc llH' gii* delivered .1 
tb.. lul.-t otH'i.liu; i.f tin- :t|i|wrniii> at iiiiiu-aplu-Mr pn-*- 
sure, so that the fuiu-th-ii of IIm' Jet blower in exclu- 
sively to mix Ibo aiw'S the latter Is-lug dclivcml nt tin. 
ootid of flu* npi-arutus nt ntni.*.j.lierk- pressure, Hy 
this iihnIc of working tin* cHliii'tic) of tin. Ji'( us a mix- 
lug machine n-u.-tn-* a niuxlmilui. Jit which ai otitdp 

meters or ulr l» drawn through tin ml.- by uicun* ot 

I kilogramme of sl.-am of 'J alim-spln'rii.. 

It is cliiir from these flgilri-s tlmt lit llu. chanitn-r 
pna-caii hso. steam i* nccdnl for cffecHrig tin- mUtiiTi- 
of the gases lliini Im minimi for tin* n-uciluii tending to 
tlio forinnrloii of .mtl|*4i«ir1e acid Tbe plio. .if steam lu-o. 
et*sary for tlu* fornuillofi of tin- arid inn cither also be 
si-tit through tin. Jot »|.|uin>tiK III. which i-nsc III.' h|-ihi- 
ratns nmilil mill to Iw F»rrv«i-.iNlliii:iy larger), (lie 
energy of flu- plus slcaiu lning ulllbiod for the lucrcuMe 
of the draught In the ehiiiut«ern, or It may be Injected 
dltcetly Into the cliaiula-r li> miiih-i of -umi> iuixxIi-k. 

rn-lltiiliiitry ex|*-rimriit.a show that for a plant In 
which XITdi Uka-Tiitum.-* of sulphur nn- burnt i<vt day, 
a rhamla-r of n oa|Hiilly of SKI entile meters mn.v be 
Mllllcloiil, If iiflcr llw I'lmiul.'i' l»o nui'lb-li ti.wirs urn 
pruvWi-d. Tlw IIM towof kIhiuM «v.nlalu ulr.ul 30 
Injorx of |i|att«, I bo mi-oik! alumt :ui la.nm of 12 
pllltnt iiacti. 

U'lillo wi. uro nl.k! to utlllxo tin' stotuu jot as ii tnlxor 

III tho oluiiiilfr pn«v«v ui- cim with tin- x cnvi'iil- 

oiioo upply I ho l)i|iil<l Jrl Iti Ibo cc.hlili'l |>rr«v*v In fltlK 
oi^> Kulplmrlo ni'M Is n*il .i» "motor" ll.i nliL, wllllo 
lrlo»l,|o Is lint iwilorlnl to Ik? Jniwii Into tin- whirl. My 
icIiik it Miili-r Jrt i-iiiiihiM-r »ir> Jiitlsfnc-lorj rmiiltK 
ni>. ol.talm-il In ItilM |<r<«t» of nlMorjitloii, nm] uImi In 
.rtlM-r pr.Hi-s-flo.1 of ^Imllur imluro. 

.\n i.ff.i't In nm (»y r4'*|w*-t>. Nlmllnr to tluit of J*.| a]i|in- 
rnliiH In olilnliuil by Hpiay iioxxlo-i. kSiioo Ibo HJHIl), lu 
formlnr u holU.n rotw. cnnti-» a mrmim in I bo diri-o- 

tl f It* iio.tl.Hi. «>n tlw oltn r IuiikI. Hie -pray l» nlw. 

ii mixinc nuioliiiw mill mlaptnl to rir.Ti alisorptlon of 
liiriro vnliiiii*^ of !M>.ii. with miuiiII Tolinmn of MipiUU- 
f'or tliU |.ur|«iMi- Itio ^pniy noxxlo ntit-.t l.o IiioIom-iI Ii* 
a Huiliihlo covrr hi onlor to furix- ovor? |>nrlkU- of tlw 
joim tliroiiirli Iho luillow- iiuir of the upruyiHl lli|ulU. 

Jimrnat nf tk'j Sm-ilty '>/ t'ki witnl f*IJlMlr|*. 



A Coairrraa of ScknliDc Kitr-ljrinx was held 
nt Itoul.«iHM.nr-Mor. Fmtnv. May :tlst uii.l .Iiino M. 
1!>H. un.li-r tin- au.«|iii-«i of tin- Uisik' Kniu..-iil«' ihi 
Coff Volnnt. 



The KiK-Kef»!l»-r Institute for Metlioil Kewnrch 

A rt.vlTII«»T IlilM boon Klvcn out from tlio lto<>kofi'llrr 
lu->titnt<- for Mflli-ul KiT«n-li to tlw c-nVrt time In 
..nli-r llmt ftirtlx-r ..pjH.rlnnllli^ iiuiy Iv iiironliil for 
tlio uioro oi«iijilrti- iiivntkillloii of tlw lintlin- lllul 
iiiu^ov of Iiiiiuiiii illmiM. mill iiM'tli.Ml- of lt< pn-voii- 
tloii an.J tniitiiii-ot. Mr. John I' Hoki-follor lian Jiu4 
ilomiliil K^VaM'M I" Ho- lt.» k. fcll. r lnililiiu- for 
Miiliml Hwiirt'h. 

I)f tin- sum Just ilunatiil n |nrt will bo utllhto<l to 
l.iiri'littut mhlltloniit liitol In .Now York Hty to. thiit tbr 
lustltiilo will luivo iitxiulriil llu- ontin- Iniit wlioro lt» 
huil«llii».-~ art- now Ln-iiIiiI, hotw«'ii Sixty foiirlli uii.l 
Sixty M-vinlh ilrn-ti. on Avoiiuo A. .'xliiulltni 1br...ish 
to i:ii-.| Itlvor — nlMilit four ai-n*. Tbo roumloili-r will 
Ih- MHI-.1 to orvi-t anil ii|uip a.1.litl..ii:il tiilHiriitorlos, 
l.uiiilliiir.i. iiim! pbint, ami to in«itrc- tin- proinT uiulii- 
trmifi.i' iin.1 .-oiHllM't of tin- ovtonilHl work. 

Tlil« gift »t r.'.MO.IKM lo In inhlllluti to il .-iKi-ml 

fiu f H.iJrjU.(-ll> wbUh Mr. It.« k.-frll.-r Im- pno W.-l 

in onU-r that tin- ho.tltul y ,-lnl.ll.h ii Ixiuirtmitit 

of Animal I>utluilKy. Hr. Tlwolilllil Suiltli. lion pl-o- 
fi»<o.r of oniii[iaratU'o piittioNury In llurinrcl Moilli-iil 
Si-lloirf, Ih to Ux-omo climior of tlw IH'W ili'I'ill'lliioilt. 

It will In- tlu. pllr|»rM- of llitit hriilK b of tin- liucttlutc-'a 
work to irlvt' m^x-lal nttoiitl.Hi to tho utinly of niJiliiilUw 
»uih iw lion oluilorii. fon< ami mouth illwii-«-, ami 
iIImiow* of pouttry, ohU h arx- ..r hin-N liuinislliitr ami 
pruoliriil cximi-ro to fnnui-r-i, nio.l tin- ollmlimtlofi of 
whl.-h U Ini|*.rt:int. This will tio tin- hmt onti-r- 
prl-K- of thl^ kiml upon mi lolo.|llat«' IvihIh to Ik- «-Mtlitt- 
llsboil Iti this i-ouutry. 'Ilio n^nlt.-i of Its work sbmil.l 
ovi-nliuilly In.- of icn-tit vkHk* In liii|.mi'1iiit tin- lioiilth 
of .utile anil ottii-r fnrni juiIiiiiiIh. 

Mr. K.n'ki-follor'n pn-iJoii*. itlftx to tbo ln»iltnto ImiI 
amounK-l I.. praitlcBllr |tt.(H»i.flfti. ox.littlvi- or rx-nl 
,-tiito in Now York • Ity. «■> tluit thr . iiilowuioiit of tin- 
liiHtltutr nlll now iii»pro\liuuli- *1J.V«M>I>0. 

Tlio Itmki'follor llo-lltul.' will, with tin- in-w elf I. 
im.iv Ik-*iiiui- tin- lu.M am)ily oiwhonsl tiiMllnrloii for 
lui-ilii-til n-si-iiri'b in tho worhl. In ISNfJ, whi-n tlw 
I i.-ll lot. win- finiiKlxl, tluri' wiii nut n Hlneh- nnilor- 
tlikliu: of tlw kiml In till* imllitry. Kli^liiixl hail tlw 
I.Ktir liiMtltuto. Cortunny llu- In-tltiit.- for Infi-otlon-. 
l>l.«nnnK. Kruiur tlw rn-it«ir Iliotitnto ami Ullwlu tlw 
Itoyiil M lltlury liisllluto ill St. Pi^orsliiirs. Mlmv KHrj 
u liunilH-r 'if otbi-r tv*oan-h Inliol-atorti-H 1i.^*l' lioiii »- 
lal.lli-h.il in Ibis iinmlry. imlinlhie novi riil hi t'lih ncu. 

In il.l'litlofi to tlw latioratorlin tlu-n' Is iinim-Hiil 
with tlw Sh-tltulo » liiKj.if.al with fwry In.jirovnl 
fin I Illy for tlw tri iituu iit of pnll. iiLs nawtiil with iIIk- 
lilHCH lit tlw time umh-r n|ai-liil IliVi-ellniltiolt. r'or thi- 
tn'iitmitit nml xtuily of i-ontiieioii^ iIImumi's ii ui<r«t 
iuilM. tin lit jifi:!**- of tlio lio-IIUiti' w. .ik- there 1m u 
iiriiti. luillitiiie with k«tliiltil rooai*- 

Tho iilms of tlu- luHkefelkr liiftltute nml tho Hmn 



ahitic whli-h itx futun- work u|«iu na exim morr rooi- 
lireluiMvo hii.-li — will !«• .ia,.lii,i,«l. uro lii.ll. UI.-.I liy 
koiui- of ita jmii'tiinl ui'hh'i i-aioiiti alriinly m-«-oai. 
lilk-'biHl, niii-li iim the M't-iiiu In^itiiM'tit of ojinioinh- nien- 
liigltl-* ; the iltiH-ovi'ry of (hi- can. 1 -!- inol mo.lo of llife*.*- 
tloii *rf Infiintlb- |a>rnl)>lM. tlu- ^uri-ory of IiIimmI tvmwIk, 
lliroiu-ll which |.I.m«I lmti»fio.loii ha» Ih-ohiii- n iltllly 
llfi^saiiui; i vih-.ll. in ; tho "Uitor nii-tliml of ii.liiiliilMi r 
iiix am-lln-llin by InlriitriK-boiil Innimntlmi : tho «lrln 
or lin-tle r.'ii.ll.ni ami tlio inltli nlion of llu- tiiirasltr 
of nihil-". 

Tbo Hi.|ir of line work of tbo lllititlltr will lu- hull- 

otitiil tiy a Ih-t of tbo i^-vi-nil kjh-i-IiiI M-li-ntltlo ili-piirt- 
iiiiiit.-. wbirh It nmiiifaiioi. It liu'liuN--. imtholoey. ticii-- 
t.-rlolo-^y . jir>itoX4M.loi;y, Molo^i.-til obouilMtry. pliysioloey 
nml plmnuiH-iH'Ky. i-xiierlmeiiliil hlokivy, ami animal 
pilllioloiry. rn^.UI<T< tlw »|Hiiiil bo*iiilal. Minin-. 

IcepUnt a. * Food 

Mt-i iiimniiiim u . in n ai.ijm u l» tbo w-li-lillllr 
iiann- of tho -liimlnr cry»tali-o%oriMl. whllt-Howi-n-il 
in-]umit. so liulis[H'ii!4iiblo ill a rookery. mbrynm 
H.wiim Irimlnr, with rime-oolore'l flower-. I» tin- ih-w- 
jilnnf. Uxemni'vna'ai mum i iirnmi/um lum viirl<-eiit<"l 
lfn-.-ii ami while follaico. with wmwllium ii-ll.ox- uiul 
Nnuirtiiui^i [.Ink Iwiwi-m. 

All kln.ls are [iropiicaHil hy Iwfti *.i-tli ami .-nllliio. 

In I'miitT' tlw liiiiliint l» i-ultlrnti-il for irriniH. mol 
i-ookeil like .-i>1iiiiih. In tlnislanil It is vuliu-tl for itar 
iilsblini. ui we iw |uirt>li-.v. Tlio tfiiil-ki-oim- we.il 
(lush-y U oflon irvixl for cni-m lu tbU .luiiitry. unil Is 
n mur roiittlio of tlu- k\-plnnt- 

I ri Afrii-ii Jf. iti mkrj/tinthrmHW t-4uh. tlw Hi: mnri- 
Is klirlily prlnsl liy tin. Ilotti-titot*. wlui »t tho 
llEllke frulls. In I'nli-otlne llu- Anilw nuike u linnil 
i-fatmil to Is- iMr nutritious thnn whint. fnwi tbo 
sn-K of \lr*, mt>rnn»th' mnw /••rrtli' L ThU plllllt Ih 
of tfn-iit wlui- for forueo. ami tlw si-eil ihmIs will not 
o|i'ii with Iwnt, *4i tho h*ii| icitlu-rlni: U extomloil 
tbrimeb si-vi-rut nionlli^ Tlw sinl Is siKiktil III wiitor 
to o|M-ii tin* [h«Is, uiul w lii'li stlrnxl. tbi. immU ttlKlt on 
top or Iho wilier nml tin- s*ii|-* sink lo tlw Iwttoui. 
They uro iu-xt ilrwil in tin- sun ami cmiiml Into flour 
oh' I Imkisl in nikei swis'tomil with n iiiolii-ni-s lnmk 
hy l-.llllix I be Mills of JuHlpirut /*»'« jiii ru lllul slralli- 
Ini! the lll|lllll. 

Tlu- I'lilte.l Sliiti-H I'l'piirltneiit ..r Arrli-Mltiire lin» 
sis'iinil ii t-oDskleriihle ipuuitity of the soe.1. wlii.ii will 
surely Is- of ureiit value ii- ii forase j.liint. aln->i> mut 
initio I'litliii: It Knisllly. tlw tii-r uk-iit folium- answer- 
tne for l«illi f.««l nml ilrlnk. Muny lli-<« w.ml.l Imve 
lain xnvnl if ii-t-iitiint or iJitToniit sihiMoh hail Ixt-n 
fouml nn.wliiL- in our arlil .v.iilliw.nterii Ktntcn ; nml 

slriiinl.il eaitie i. mi. I pros|«i-tor» of tin- fntUK- will 

linve niisou lo tlimik I'li.-le .-<aili for pnirldiiiR IhLs 
nnilllili on tin- tli-sert. 



The Safe Operation of Pleasure Cars" 

Sujfuestions That No Automobile Owner Can Afford to Ignore 



I.dw than a ipmrter nt ii eeiitury neo u |»-r».n woiikl 
hit re Is-i-ii eisiislih-riil vWoiiary' mnl iiii|inieiknl. to say 
the li-nst. If In- Imil pnilM«l Unit n -aif-proi- ll.sl velil 
Clf Wollkl H.H.II Ire liivontdl that wollli] travel over tlw 

imlillr bleliwiiys ut »|i-i'ils as hizlt as ti mile n minute, 
ami with |*. nor suRleietit to enalik- It to cllinl. the 
stii-|s-wt hills with case. Tosliiy a js-rformaiiei- of tbU 

klml I* oom nplitei-, ami no u|a-rlitl ei-niUH-iit Is evi-lttij 

by piiMisluil invounta of uutoni..|>lh< nm-s in whkli 
»l«iils of sxt, !», ..r even Hal iiiIIik an lumr are nliulni il. 
When tin- antoniolillo n-iulnsl tlw stniw- of uieiiiaiili-iil 
|H-rfnili»i tlmt |< niiltl.il It to travel twenly live tolles 
or s... wltlunit Ktoppliijc for roi-alr-s, It was eonsklemt 
marvetotisly efllrlciat : bnt at tlw pre-wnt lime ilelays on 
tlw- rionl tin., to iiu-ebanlcnl troiil.|«-« uro rare, nml tlic 
lourNt imiy oft™ emitliuw Ills Jmirin-y day nfler (lay. 
without irjvlinr any ms-efnl atteiittoii to hli machine. 
be)oiit] proilillnie fuel ami supplying tlw nereMHiiry oil 
anil Ki-enso for Intirh-nthsii. 

The eiolutlon of Hie «iili-in.il.|le. fnini the shm'. uti- 
(ituitorllll.le, oiliatsTwiiiw, lllul liui-luinli'iilly Imiiorfii-t 
.i-4ive>aiKi- of the |mi*1, to tlu- swift. .k'|s-iiiliil.le. lux- 
urious ear of to ilay. has U-en altenilnl by u eorn-s|-oiul 
inxly liH-ri'iislirn nnioiini of .lanicer, not ..i.ly to Itie 
isjanilor of tin- ear ami his ruiiwtiirers. bat also lo tlw 

piit.llo at lars*. Tlu- i Is r ..f ■rrlileiit.il ilmtlis In 

litleri has largely Im-rrasetl slim- the nilvenl of Ihc 
ailloinolille. nml In o.iintry low its anil on nit pnlille high- 
ways Iho iIiiii-cit of li'lng slnu-k l.y a swiflly moving 
ear. In liiHrgo ->f mi Im \|i'rl.-iie.-<l or eiiri'W»i ilrlver. Is 
always pr.-s.-nt 1'ion 111.- mri-fitl ilrlver mny not en- 
ss-aiK.- aii'iilents. tss-iinse many injuries: art- ilirvct 

• IteprodlKvs] fr«o. t K< TfttUiw *Utn4ar4. 



eoiiKspn-ini-K of ean kio<iie«s or liiulletitl hi tlu- (airt 

of isiloslrtiiiui niul ilrlvers of olln-r nkU-l.it Some of 
I lies* nvvkk-lils amy Is- avokli'il l.y rvinslnl.t willi'lifnl- 
iw*s on tlw isirt of the automol.klo ..(sTiilor. I.ul in 
oibi-i .asm ih. aiiuniiit ..r .-an. will emil.lc him to 
i-si*a|H- tlwru. 

Tlu-re l» tin il.ailit that til.- l.lanu' for liiiiny mi-tilouts 
ks iiajuslly Inlil ii|«.ii the KUoiilik-ni of tin- iintomohlHsl, 
ami It Is npially tnw that tbo iu-glii-t of some simple 

pisi-allll Mi his ]Kirl bus oflon k.l lo serious Injuries. 

or even to l.-ss of life. Tlu- following sugi.-isUk.ns are 
given In tbe ho|». Ihut the rtsks I., users of llu. puhlle 
slrii-tx ami highways luuy l«- k-ssemil, iiimI Hull the 
isja-nilloii of untoinohUn. may also lu- luailo anfi-r for 
ilrlver* nml paHn-ivKi-rs. 

One of the prime nipiUltes lu tlu- safe .r|»-nition of 
an automobile I* a thorough and Instlm-tlve knowledge, 
on the i«nrt of tbe ilrlver. of Ihe iisii. of tlw varimis 
lever* ami |n-i1iiIh thot eoalrol tbe iimvementx of the 
I'lir. Tin- neliMilail ilrlver ilorts luit utoji to think what 
moll.-ns must is- niaile lo bring tlw ear to a swlilon Mop 
lu case ..r an I'taell'i'UL'v , vVlo-n an uwiih'lit sn-no- im- 
liiila-nt be in-.lliHllT.lv throws ..in the eluteli and up 

plli-s »l ralu-, In a mere rriutlon ,.r the flaw tluit 

would Is- risiulml If he were olillgnl l>. think out eaeh 
nuili.m In ndvniui-. No |vrs..n sluiuhl attempt tn .sji- 
i-nire a ear In erowde.1 trnirk- iinlll he has utsjulnsl 

soim-llling of tills manipulative llisltnet, mid a iH.glnaer 

slioiilil n.-i trust hlinseir to drive a car under any dr- 
eumst'-ino's, until ho tins nsi'lvcd ade«]iuilo Inslriief Inrwi 
fri-vii a skllksl mid ex|«'rk-nr>s| o|H-riltor. 

Iti-ron- lent lug the garage tin- ear should b.- l.s.V.-d 
over iim-rully to nee Hull everything akoul It la lu a safe 



cotidili.iii. The stis ring gvnr and tlw brakes sbotild re- 
n-lve i-nrtleiilnr utloiilli-n In this ri's|»-<-l. and I.hmo nuls 

and other ilefil'tlve purls should l»- all hil to III II 

Ihoroiieli manner. The tires should .ilso li' exiiniimil for 
vn-iik s|ss;k thill may blow out while on the r.sid, and 
tln-s showing sm-k lui|s-rfii-llon.s should Iw changed. If 
roi-esMiiry. la-fon- starling out Many aciih-ni* might 
la- avert. si by paying |iro|s-r atlrllllon lo those (sdlits 
in hi h) making iiii-vssiiry n-imlr. as >.siii as tin- defn-ts 

an- dls.s.veriil. lasti-ml of vniltlng until a more i - 

venlelit time. 

Although in.-»ny of ibi- more n-c-ntly Iinlll iiutoaii'lilles 
are ispiljijail with self stiirtlug ih-ileev*. tlu- grevit ma- 
jority of alltonuiblte engines, an- protnihly started by 
tm-iins of a rrauk Imiulle. Tlu- arms, hands, lllul wrists 
of Hie n|a-ralor* are often broken. spraliuiL iw laidly 
knilsul by "kk-k l«n-ks-- from Ibi-se stiirtlug ImhuIIoh. 
Safely harulles tan la- had, wbli-h firiuileiilly ellinliialo 
lln-He daiig>-iv: but f..r some r.-as..n or other tlwy do 

luit llHaiir lo Ih* w Idely mail. Ib-forV atlenilK big to 
crank tin- engliu-, the sjmrk slu.ui.1 l*e ri'lariliil, lo pre- 
veul I. a. eurlj igtdlli-ii Tin- .e|u'r:il.ir «ti.iuld gras|. the 
enilik with lib- f' ft binul. puielug his thumb along Ihe 
length of the handle ralher Hiaii anuind It, and poll 
iiforr-fir- on II. Wlu i. slnrtlng a largi- etigliie wllli high 
.s.iutiressl.in. It Is .|iilte is,iin,e.ii for a driver I.. "rook" 
Ihe htindle. to ol-ialn tlw ndvanluge of tlw slight ino 
mentiiui glv.-n to the dywlu-et In this way, ho that the 
riiglne may lu- nn-n- easily lurtnsl ..ver the (viiajin-H' 
slon stroke: l.nt Ihls Is a d:i ngontiis jiraetlee. and H 
sluniM la- livol.ksl as fur n* |s«~SI.I.- A stliklllg e\ 
ample ruelltl.v i-llllie to our llollee. of tbe niter dlsre 

gunl for siift-l) that Is ixvasloiinlly dlspl.iy.sl l.y drl" t> 
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In Martins their rant In thin case the operator placed 
the starting handle In a horizontal i**dtlon. and then 
afood upon It In order to turn the endue over. 

He fore attempting to Mtart the engine, care should lie 
laki ii to mv that the clutch bus bcrn withdrawn, or 
that the gear-shift lever la In the neutral position. It 
In also Important to nuke sure that the brake* are tiet 
up tightly If the car Ih standing on an Incline. Ims-uusc 
If i lil- b neglected the vlhnitloii of the engine, after It 
ha* Nvn started, mur set the rtir In motion. 

When operatlttc * cur on the ri*td the driver should 
listen for unusual sound* about Ibe machine, him! If 
roach lire noted tie sliouM make an immediate Invcwtt 
pit ton to determine the cause. Any marked vnrlattou 
from the umml nrtlon i.r the ear also imUento* that 
Horacthiug 1* nut of onler, and prompt men mi row slwiuld 
In- taken to dlx-o\rr tlH> source of the trouble, uud to 
appl) tbe t<ro|K>r remedy. 

Attention hn* hocn railed lo the dimmer of allowing 
Inexperienced |N*r*MinM In opiate nirn on crowded elty 
nt reels, where the eondltlofiH are entirely different from 
tho**e thtil are met with on public bighwu)* •■^iImUIv of 
the lily limit*, or In public park*. It U ntmwrv, of 
course, to obey nil loral IrnlBe regulation*, nml the 
driver should faithfully adhere to these regulations, 
even In the absence of truffle iihVer*. When ajajiriMch- 
inir a stationary Mreet car I hut may be receiving or 
discharging passenger*, the driver should pn**ced with 
extreme caution, ami ll Im Nifer to bring tin- automobile 
to a standstill at H dMunce of ut least eight or ten feet 
from the .tlrert ear. and to wait until I he imwengcm 
hare reached a place of wifely. Children, and even 
grown person*, often heeofiie confuted and suddenly 
move in direction* totally unexpected and unforeseen 
by (he automobile operator, ami he should he on hU 
guard agnlmd iN'burlor of tbU kind. The driver, when 
running the ear near the curb, ahould nlwaya lie on the 
watch for pcrruniM who may Mien from the nldewnlk Into 
the ftreet without locking nlsnit them, or giving ludl* 
catbutH of their lutenllutm In mlvance. Tbe tnrwt caro- 
ful |**r*on Is likely to do this at time*, through aUsritl- 
mlridii1tH*w or pt-enccupniloii. and It 1* only by exer- 
cising constant vigilance that the auloinoblllat can 
arnld accident* dike to Ibis cat me. 

When a traffic officer holds up a car al a Hlreet CfOan 
In*, or at any or tier point, it la a goiai plan to shift the 
(Tear lever. immntiaMu, to the pmpcr poaltlon for atart- 
tug. Delay In doing ibU in dangerous, because circum- 
stance* may arise that will necessitate a quick "get- 
away" to avoid an accident. Ordinarily, however, the 
automobile Mbould be started caul handy after a traffic 
officer ha* given the Migtml to proceed nt a street Cftaa> 
ing. Iiccause Nimc (wrson L* uaunlly preaeut who la Im- 
patient to en**, and who will try to do ao in front of 
I he car. The right of way ahould alwaya be euucedetl. 
without hesitation, to fln> engine* ami other Are depart- 
ment aiMjinralmt. and If It la practicable to do ao, the 
automobile driver nboutd draw hlx ear up lieahle tlin 
curb unlll all tbe npiairaluti ban paaaed, 

In many eitlen idpu are now pouted nenr acbonU, 
warnliic autotuouiUta acnlnM fa at driving at the** 
polnta, Ttii*w warninca and all other rimllar cnailonv 
nb.rtild I-' faithfully beoded. and the neeewmry preen u- 
llone* Kbinild Ih' taken to prevent accident* It la Itrni 
In avoid thr neighborhood of achoobi altogether, ao far 
ilh thlfi Ih pracllciible. 

A tillable wnrninc Hlumld Im* given by a motion of 
tb>* hii ml, or Ih manic other manner, before backlns the 
ear, turnlnc It around. crowdiiK from one aide of the 
nii»»-i In I hi nt ber, itimltifi Into n wide ; .fi.»-t, or a>»t- 
Inic to n stop. If he iMKiKldern it aafe to do no, the 
driver should glance tinekward for a moment to «ee 
thai IiIh alxunl turn Ihhii uboervwl by Ibe driver of any 
vehlele that may he folhmini; him. and he ahould never 
cbanp' bin rllrecilou until h*> Ih Hfliltnvd that \ ■ ban u 
ehMir course. Where streiis Intersect, preeeilrriei* should 
Ih- glren, In every ea»w». to a ear that In following ib« 
main avenue of truffle. ticcau*c any other cmirac nmy 
|..ol lo ronftiwloci and dl*«jo*ti>r. At c«irra'ra where tl»e 
view t* olmtmrtcd to iMilldiiiL'H. i»r b> hlith bu-<lw« or 
tmw, i»r In any other way. the Hpcod of the ear should 
be reduced ami 'In- horn nlMtuhl Iv hounded. 

Accidents fmpMtnlly re*nlt frmn the ninlsxifin of 
ttfoper |tr«Hiitii|oiM wtwn leaving the rar unailemliil 
lempomrlly. Tin- switch plug should lie removed, llw 
gear* Id ft h'ver Mbi»nli| Ih- pbie«>i| In (be neutral jaml- 
tiou, and tbe brake* should Ih* net up tightly. If the 
ear U Mtaraltng on an Inrllne II Is advt*able, In addi- 
tion, to turn the wheel* ho thai one of Ihem vtlll rest 
ngaliifi the curb. If lht« i* d'H«* (here will Ih* 110 dan 
ger of 1 be rar running away In mse notm' rtii*- ■ - - 1 
or meddlesome iterson shuuhl rt'lease the tirakes. 

A r«ts-iil accident, tlwt occurred uhlle «m« rar v»a** 
lowing nrtotlker one. Ih luHtrucllvp ami may serve to 
dlreri nttenllon to a soiiroi* of danger Ihar Is often over- 
loaftaat A mnn who wax walling to enma tin* Htreet 
nttr-mpted to |mkh between rlie two earn, not noticing 
the rope that Connected them: and before he could rrtep 
back uut of the nay ba vaa atruct and Injured by tha 



car that waa being towed. When towing, the driver of 
tbe leading car should cxcrcUr great caution In every 
rea|ieet. He tthoutd drive slowly and carefully, ami 
should muke It iih evident tlx iHtsnible, to 'terMrtia who 
an* waiting lo eroan the Htreet, that another ear U nt- 
taclusl to tbe one he U driving. 

In addition to the augenctiuua thai have already been 
given, and Ibnt are applicable more rapeclally to the 




Fif. I.— The rnunlt <»f akkdding. 



o(ieralbui of automobile* In tbe dttM and larger towns, 
there are other* tlwt should be mentioned in cniinecHntn 
wllh tbe o|a>ralbin or ear-* M the publb* highway* mit* 
»lde of the more thickly |M*fiulaled dUlrwia. RxeiraMlve 
■i|e«l in one ..f the chief esowx ..f iiei ldeula, ami many 
drivers hare n mania for traveling at a high rate, even 
when there In m» iletlulte object In doing ao, and when 
condition* make Ibe pructlce dlsllndly luisardoitH. Kx- 
erpt III Npeiinl emergeneles the Npced of the rar abtHild 
Ik- regulated lo suit the comlltloti of tin- rondn ami the 
density of llw I raffle. Much depend* a ls>n upon the skill 
and experience of the driver, ami Ihe automobile op- 
erator who la constantly mindful of his own safety and 
of that of Ola passengers, will md willingly take dinner* 
of any klmL Ijiww limiting tbe apced of autotuobllea 
have been enacted In many state*, and It Is wife to say 
dial If lite legal Kpeeds were never rxcecded the num- 
ber of nccldenta wmihl Is* greatly reduced. Hating on 
the highway* wllh other automolilkv, or with railroad 
train* or trolley ears, Ih a dangerou* practice. In which 
no driver sliouM ever Indulge. 

Safely mjuircs that drivers should always keep on 
the right-hand tdde of tbe mad, except when iM*slng 
other vehicles thai an* going In the same direction- In 
such case* Ihe vehicle that I* coming up from the rear 
should alivaytc |aiaa to the fc/f uf the overtaken vehicle. 
There should he no exception* to thin rule, as any olber 
course leads to eonfuHloci and lnn> cause aeeblents. 
Nome nuthnrltlea maintain that an exception should In? 
made when pa km I tig a trolley ear. a furniture van, or 
any idber large, high wagon or lead, the tdae uf which 
prevents the driver of tbe automntdle from aeeing ahead 
mi the road; ami traffic officers In some cltlea rejulre 
automobile* to turn to the rv?a/ In overtaking vehicle* 
of this nature. 1 tiles* local tralTic reCuhltlotiH require 
turning tn the right, however, we are of the o|4utmi 
that the rule lo turn to the left In overtaking olber 
vehicle* should *tlll lie followed, even In these cases, 
n lib' with It Is then rapectally |m]H*rlant not to turn out 
too njulekly or abruptly. A lout: sweeping turn Mbould 
be made, at reduced speed, and preferably nt wime eon 
siilerahlc ditlanee laddiid Ihe vehicle that la to be 




Fig- 2. — The result of breaking a steering knuckle. 



pus***!; and Ihe driver should lo»>k Hharply ahead In all 
sucb eiisrs, mi that he will ace, ut the earliest moment 
|N»oi|lile, any r, -n- autmuoblh*s, trolley cars, or j« >i< 
trlniLs ibnt may Im» In his course. When atHtut to |Msa 
a vehicle from behind, an adequate warning Klimal 
should tm given, and the speed of the car should be 
rcdiH'ed whenever >ueh niliM'IbHi will diminish tbe like 
llbood of accident. A driver ahould never attempt to 
exerdaa ola skill by (uriUng In aa cloacly aa |aaadble 1u 



front of the vehicle that bun Juat been paaand, hut 
should allow plenty of room to avoid linking IL Sim! 
lar rule* should be observed when meeting a vehlele 
coming from the oppfwite dlreetiou, and phmly of room 
sliould be allowed lu every rase. fip«»ratorw of large 
rant wmietlme* "hog tbe road" (lo iisr an expres>-|vi- 
though Ineh'gant phras»'>, ami fall lo Nhow protwr ism 
Hlderatluu to thr driver* uf small cars and of Imr™ 
drawn velilrie*. I'otidurt of thla klml muses 111 fiH.dinr. 
and tn many 1-uhcm It 1* also extremely dangerou*. 

When making repairs on the road, can* *hould la* 
taken to move the car a* far *h [»o*Hth1c to one side ..f 
the traveled part of the tboroughfiire. and ho baab\ 
s|*ire tires, nor olber material nhoiild be left lying la 
the ]Hilh of other nulom<*4iIh*s. When ehanglng tire* or 
doing oilier work ii|Min Hie ear while on the rond. or 
when gelling oul of tile car for an> pltrpUMN a ciaistant 
watch should also Itr kept, bf avoid Iwiugr struck bt 
imKsIng vrhlcle*. 

When aiajtrtaaehing a frlrhlemsl horse (lie s|hsh1 of 
that rar sbonM l*> redmsal, and If neivcwi ry the ear 
Hhoiltd Ih* hrmighl to a Nlamlrdlll. and the engine 
nto|*jHsd. SimlUr care should he exen-lxsl when ap 
priHieblng henlH of ealih . the .-.ir I- lug keH under |H>t 
fe*'t cotilnil so that 1i ran be *top|**d very quickly. The 
ear ahould also he kept under full ciHitrol wb*sa 
desti'ndini: hmg or steep grade*, and If any doubt ex 
IhIh In the mind of the driver a* to ihe adequacy of 
hla brake*, lie should Khift bin gear lover to low apBB& 
cut off the Ignition current, let In Ida clutch, and Ihns 
allow the engine to act aa a brake. If It *e«-mn HkHy 
that the h rakes are becoming overheated when dcMcend 
Ing a long Incline, the car anouhl be HtopissJ ami the 
wheels be securely blocked, until the hrakc* have tie 
come eoid again. If tbe brake bands and drums an- at 
a high lempeniture. they ahould not tie cblllcd by ihiqt 
Ing water upon them, but should ho 11 1 lowed U* ctsil iff 
gradually. 

If the engine "dies'* (or liecome* *|alled> while as 
eendlhg a hill, ami Ibe brakes fall lo hold the rar. the 
engine may Is* u*cd a* a brake by shifting the &nr 
lever to the reverae po*dthiu> rutting off the IfajittH 
current, ami letting la the elutrh, Tbla must he done, 
however, before the car ha* attained any great *|ir*d, 
because otherwise Ihe gear* are likely to be wtrlpned 
when the clntch la let In. and the danger will be In 
creased. If an emergency of tbu kind arises Ihe driver 
should keep a* eool as possible, and should r»*un , »lH*v 
that Ihe safely of bin passengers depend* cntlndy ii|Hit 
his skill, and upon prompt action on hla part. 

S'ssial care ahould In* taken when driving at nlgbl. 
and In fog. rain, and anow aqaalla. If the glare of tie 
light* on an approaching car interfere* with the *> ■•■•>' 
of tbe road ahead, the car should he alowcd down at 
brought to a complete tdop. When approttchlng un 
giiardefl rallnmd crossing* tlw car should bt* «top[-cd. If 
the view Is otwtructed In either direction, and one of 
the |M**engers hImiuM be aeut ahead to sec that all b 
aafe. If the engine ahould become stalled while rrosw- 
Ing a railroad track, Ihe pnstu*ngt*rs sliould tmmedlatel; 
get out of the ear and go to a aafe place, meanwhile 
keeping watch In t*dh directions.. In onler to warn the 
driver of appnaxching train*. 

A few general HnsgeeliohM that are aiadlcahle In all 
case* may be given In clo*Ing thin article. Intoxlcalcil 
|M>mon* ahould never be permitted to operate aiitomo- 
hiles under any clrcumstum^e*. even tlnwigh tbe lnlovi 
cation I* but alight. I Mi vers should 1h» on the watch 
for children who may be "Hlrallug rides" on team*, or 
who are playing In the *trcel* or on the *ldewalks. The 
o| tern I or sliould at all time* keep his eye* on the road 
ahead; he should not turn around to talk with per-so* 
on the rear sent, ami he should never remove Ida hawl* 
from the h leering wheel while Ihe car I* In motion. If 
the steering appnrntuH or brakes are known 1o Is* de 
fectlve or out of order, the rar should imt Itc trfaalalH 
until repairs have t*<en made. Ttie llghlw, and | art leu 
lurly (he rear light, should be kefd. brightly Mimlnc 
when driving nt nlgbl ; chain* should Is 1 used t*a Ih* 
wheel* during rainy weather and when the road« *n- 
freahly tilhsl raf are wverrsl wllh xmw ; atlentl"" 
should l>e given to the proper lultflealbMi of all i*trt- 
and (be lights of Ibe car should never In- loft bnralur 
while tilling Ihe gaaollue tanks. Water will mtt t*ill 
gnlnh a gawillnr Are, and tires of this kind should there 
fore lw fought wllh sand, earth, or generous applba 1 
tbm* of MiwdUNt, or wllh siasial chemical rlrc evil" 
guinber*. 

The miW Imitortant caulloti that ran !*• given l« 
la thai lo auluimilille ulceration. Ih to refrain from tak 
lug any know 11 nnd recoinilied ehai*s*s. wliatH"' , * ipr ' 
Tbe teniHatbm Ih great lo utlllxe to tin- full ihe enor- 
mous power Hut the nulomotilU* engine- can exerl. an* 
the exhilarating effect* of the high »r.N*ed lltat «!«> w 
attained In modern ph*asiire rar* h>ad many ilrlven 
ami owner* to Hie Wall unwise flfrctHtaH Saf'ty 
should In* tiie first consideration In every cn^e. and recx- 
leaaneaa and foolharrJIne** on Ihe (wri of aulea» op * le 
upcrators ahould bt* dlacouragcd In every ptHa4bl* > *W 
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Take I February 131k, I mil. 7. 84. Cl»»r aperture 
af bu 1)9 inch. Kalis Id. Focal length IJt 
inch. Rupoaurr 7 hours V. minutes — 7 hours M 
minutes IS minute*. 



Taken February Uth. 19*1. / W. Clear aprr- 
tarr of leaa *9 lack. Ralia 1:2. Foral length 1.8 
inrh. Made by Alvan Clark, Cambridge Port. 
I.9.A. 

The Zodiacal Light* 

Evidence of Cosmic Dust Scattered Through Space 



Taken Marck »tk, IMI. Z 114. Hear aperture 
af knut u.» inefc. Katia 1:2. Focal length 1.8 
lack. Made by Alvan Clark, Cambridge Tart, 

U. H. A. 



By the Ilw. J. T. W. Ckridge, M.A., K.K.A 

PliutufffraiOM l.y A. K Ihmcln*. King*.-.*". Art**- 



What a rcmnrknble |dieiiumenoti It* that liiinlnon* 
oh}cct lu Ihe bcurcn-* uccanh-iially wtn at tliht Meat-un 
•if rii« year by the naked eye, iiihI yet iiM*a|MtiU> of dl* 

i hi' I . 1.h.thi1|.ii( by the te.es*so|ie ! Such U the Z*-dlni.nl 
Idghl It uiay ho taken for gm tiled Hut of nil thv 
form* which light hikest, |*frlt»lm thin i-hii >*afely be de- 
st rtU-d as the ui«->t ikdinitrly l-euutlful. More milky 
limit Ik* Milky Way, mure translucent than the filmy 
m-hulie, mill nul altogether uallkr Ibe Aurora Itnreull*. 
with which It Ilus MoniHliiMai Ui-n aHM-rtiitod, It mviw 
nko UM OOMHllAUad i-wHwV of twilight, Nhoutlug U|i 
Into lid- nky iih (tie nun j[um down about the Uum; of 
Hi>- vr-nml ii|utiiov, or preceding tlu> miiu ah It rl>*-> In 
III** uuttuuii. At Miiknrrl III Muri'b. April, or May. If the 
atmi.*spherh- condition*. l*t> fit Torn hie, there can tw win 
a htight Imti of tli»- heaven* wlik'li may lie defined art 
a kli l of ehmgiiird triangular pyramid BC Mjdrc reel- 
lihX upon thai (dirt of rho horlKon honeiith which the 
MM hni net. Away from all glare of lean light or Hit* 
trie light, 11 inay be ilU.~ern.-d without much difficulty. 
Of cuiirw, there luiwt be do Moonlight, I Kir eveu 
brightness of Jupiter or Yenw, to interfere with IN 
view. With regard to Uh po-dtlon. for all practical our 
|...-»- vie may hay thai Hi it&U coincide* with the plane, 
of Hie eHlptte or of the MMJ equator, ThU definition, 
though fairly correct fur high latltud«w. tlmtt nut wo- 
ralely re|«re!«*tit It an win In the tropical rextmm, wliere 
\i* Mxlit b* often very nui^ilet-oiiH, aiml miiy la! ami 
thro«iKlimil l be year. To au olieerver in Kntcland the 
MM «if lljrlit ImiiN Miuiewbat to the left, bihI Ilea alouif 

tile III f the ZxMllar. Ilenee the orUrlu of the name 

"/oOlnetil IJkIiI," xlveii by 4*bhhI»1 In IffrUt lu concord 
Willi Btbeff ivle-dlal olijeeja. It rdnka lu the mart by 
ilrtue of tike earfb'M rotation. therHiy Ahoarlnj; that jtu 
exiMteiire Lu external to the eartbV atmimiihere. 1'llny. 
who rtiiurMieil In the Hr*t mitury of the ChrfHttan em, 
la bU wrltlnxM mt'tnii to allnrle to this phenoinenon 
uiuh r th.t ikHtiH. *,f hat» * lucin" <"lM-ttma of llxht"), 

ii iH the miowiKtl Kepler f 1IW?1-11EM*i rant* in the cxiit- 
elualon that the /*rtlUonl Ught wah an atmosphere of 
Ihe Him, letter on. I 'lo^lui. who dlnl In t?llt after aev- 
eml JTMM of nla«4-n-albam at Nhv. ret narked that the 
iioHIh iii eilxe of the light Intned uxire iiud more frum 
Hh ei-HHU-al iixIm during the monthrt of March and 
April, when Mi., xi.it ir Hjtmtiir wat* liienttNlikg ik In 
elllkntbai t4i the ei-llptii-. and nMLHet-m-nlly he i-vmrhnleil 
(hat It wax a polar a|ifN>iiihige, He fnrtlter dri-rrltHtl H 
..- Inning n Ifhlhiilur kIiiiih- : that its diaukcler In June 
wMh> e.|iiul to that of tike muii, tiut much larger In March. 
In 1T:.I Malrau »q»uke «f It U a *olar reflection, having 
Hm> form of a Mattesatl xiibendd. llumlMddt. In hU 
f-trlklng work "f.wimm," give* muoe ver> iMHMtMJ 
MlM on (he tub>t't. hot Ihe leant being. In hi* onluftofi, 
thul Ihe ntkcientrt were uikaeijuiilnte-l with It. notwtth 
Mlandlng the cleanie*** of the eaxtern aky. fr'nun )i|h 
MJW ohtervatlotM In South Afrlra, be de*kcrll>-m Ihe light 
us of a "hlailng" character at Mfl lime, and an an "er.- 
Mid^lfely delkale aiwl ethereal object" at another. Thu 
n'miirkalde meteork! Hbower of 1*33 cnu-«tl a gtMkdly 



nuinlwr of Kpe«iliill<-n>. ajj «»• tin* <*tm|M*dtioii of ll»e 
light. Ity many It na« Ihoiighi at the Muir that Ihe din- 
|*tiy wjim due |o (he earth piMdiig ihrough Ihe lualerlal 
of Ihe light. No h'HM a prraunage than Itlot lo«ik up 
thin argument, and Huggeetvtl that Ihe earth actually 
piiK-^| through the iwde of thla inaterUI. AmM 
daring 4'nmmoilore iVrryV ..\|— tliilou to Jnpau. 11 long 
rtcrloM uf oliNervatloiiN of the light M madi* hy the 
Rev. lleorgc Jonen, who wah r-hapinln on the I". S, A. 
frigate, the "MlMxIsMlppI " |||h work, puhlbdictl In LfiBt, 
r-mtalim a iihinh of InlfreNtlng detail, and It np|*eA|M 
that Ike CUM to tin' cofielunlou tlial Ihe /dNlhioil Ughl 
wHt a ring of matter i-nci*m|-ArtMliig the earth, and not 
Ihe -no; mIiicv lie argued that Ibe chaugcM iNwultlng 
from the oltMrrver'A ctiunge of laMllhui on Ibe earth, an 
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• u. w ..u.,., i B>aaj »» vlr ipap,. 



Taken March l»th. I Ml Z 144. Aperture af 
lena 0.$ iarh. Focal Icnrth l.» inrh. Kxpoaare 
7 hoara 52 aiinulra — 8 hoars I) miaalm 8 min- 
ute*. 

wHI ihi* iilleriilltwi In [HHtlfliiii milMHl hy the enrtli'a 
rt. lull. .ii. miiinl (>■ him mueli enatrr tlun eimlil lie 
ri|>lnlml If ihe ring were nix relnHM)' iM«r Ihe eurln. 
Bui surely li> I hi* It Inny he re|ille<l Hint m> rh.u xlir- 
rimiMlliiK the enrlh eun In nny way MtlHaaMeffJ* r i 

lilalu Hie |ilieiMwini> r Ihe /.•Hiicul l.lcbt. Hut. 

itanilnK II were mi, II Ik aajle , vl,l,-iil tliat, at n dlabtMM 
mt iiMHk'mle dial u traveler In thv tr>i|il<al n-xtiam 
inmlil reeoctiiioe Ibe elunixe uf |>mIIUhi »f the llclit u< 
be iuikmiI fnaii Ihe nurtb !•■ the ».uih nkli* uf IIm> 
lilllaliw. H would lie hftalMl fn-m i.lar« In hliili Inll- 
tadta, In 1MM M □huenaaa i4u«.rTe<l tha light In 
I^iiIh ami fo'oua. and wild that II irax of anfltrlnn 
aoanar to uilltaiabi >.t«r« <a* the twelfth iind fldilaaajli 
■uagnltuiliw, and eurera allh a jfllowlnh ivd yell the 
re(l4iu of Ihe Hky oa which II U projected. TIm- theory 
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wblrh connect* II more Innnedbilely nilh the «un feM 
Mlnod Ibe tc«t of more n*^'nt i4i*erratUiUM. The fnlnr 
yvi 4<xt|iil)tlte. hiMt«.r Into mi far pmved uuieiiahle to op- 
tical letdit that Ibe ntmruaj ha* revenb^l lis Idctltllj 
with the aobir radlaiMN 1 . The light I* xliullghl, and only 
dltrerx fr.un [he latter lu Ita lidvualty. It la due to 
rcBcctliiu, and. wlialerer tuny la* tlM* luiture id the uia- 
ti'rtnl whU'h thuM rettectM ilw *..l:ir light, we amy -it 
ulare dlxnilw tlau ideu that the S^odbjnil l.lgbt la a niere 
ealenMlun of the nun** alnn»»jiliero. TlM>r«. are d)iuuu- 
leiil rtiilMiiliH wbh'b relaler IhU iib'H lllltelinhk* ; lllal cmii- 
t«*o.ucnt1y we urr drlivn to Ibe cuiM'hiaJitu lluii Ibe 

idii^iuiM'Oiai U canaed hy tla> |. n-^- ef tt uiullllinle >.f 

hbmII lentleK. inoilnc III orhila uf their Mm arolnal llu 
huu. In furtlwraiMv of IhU *ul.>*-l lwi» |M«lutM luiad !•** 
OHaMlf Uirne 111 tallwl. Tile Unit Is Hull tlicrc lire 
phenomena of Ibe liglii wbh'b Indlciile sunn. njaMaV 
blaiH-e, reimde nr ..llurnbw. la'tweeti Its structure uud 
Ihal tf oon*etH' tails; ao Ihut n-.l ..lily inctisirtc MHcfi 
but llbai coum'IIc matter. Is priaitiMy pw-wnit. The ace. 
mid la that II Is highly ImprotHihle lluil Ibe grvalrr ajop. 
linn of Ibe mutter forming tlu- light Iravi-ls In nrhlta of 
ainall isss^ir rl.-ii.v iirianid the miiu Knowing Unit tin- 
ortilta of laeteiirs exteial far Into x|>are, auaiHIiaeH be- 
yowl I lie .. ri.it* nf rrantiM and \e|itiiiir. we iuiki siiii 
DOM that the meteoric awl comrtlc mult, -r i>r It* light 
woukl truivl lu poihs wluilliirly inti'iti rle, wi t In* t It will 
at lliaca ln> far lieymnl tkt Isatllds of lis visit, h- eltenl. 
Accorilliitr to thla Iheivry, Hie llgtit slnnild lary very 
markislly In n|.jssirni>i>. rn>ui taW U) lime, and Ihla, as 
u tiuilh-r of fuel, la |ir»s-|sH> wluit baa las'ti ..l^. r . isl. 
iiimI remained tiiicxpluliMHl iinlll tin. isss'iilrle nature of 
niHistrli' orMla waa fully recsignlied. At tin- priwut 
mono-tit ilie little- Isstti^ isautamlng thv light nre la-- 
lleved to ho Mametnlng of Ibe untune of SatiirnV rliiga, 
the light, natural!), feebly rclloclcd rriati the bum. which 
reiejcra It so indlatluctly cMbb?. Tlda we b-urn frmu 
Ilw research rs. tumle hy tlw |m,1iiHscs.|.. iind Ha. hns-iim 
aciaa>. When we a|a*Hk of "little IkmIIcm" lu ii cusiuical 
sense, we an- naturally coiu|«.||is1 I., mlarge <air litnii 
with refereias' lo iniigiiitiule. Kir J. .I.i. HcrscM rr- 
aiarka: tVimpnml with planeta vlsllik' lu our roost 
|a»werful tehsa-oiKHs, r.«-V-. and st. my masse* nf great 
slue mnl weight winlld la' but it* the ltii|<al|>atile dust 
whk-h n Miuls'iim renders visible as n sbivt of light 
wlwn atnsiuilng thniiigh a narrow- chink lulu u dark 
chiinils'r." Ha It Is with ihe /salliical Light. The sun 
gi**s down Is'luw the hurlaoii, hut ihe my* stuaat up lulu 
Ilw lulls* «d suHil tairtU'les whli-h revolve* around It. 
mnl lllumtiiute their surfaces, tin* aggregate effort lu mi 
iJ.sTv.-r at tlw wirth ladlig that nf a illffusisl aMbjnt, 
Inking the form Inln wbk'h the |iartlcles nn* griaiissl. 
Nan Ibis w-iilil icsrtl. I.-" must alsu la' n,s*.|x.sl In ,, 
inagnlriisl ilegree. of isairse. It may liaMa-u tlial some 
•if Ihe Miallianil Isslb*. nre really small, and certainly 
MM can la- very large, isltcrwlsc Ihoy wouhl mil have 
e*i-a|ss1 tin* careful scrutiny uf the isiwrrful. uostern 
aiiiuratiix. We may ls-lleve, then, that Ibe total mass 
must be almuKt imlblng tia cninnared in that of ibe sun. 
HeiuM', ihe ceniral Hiniliiiiry ran suffer tin [aTturlaitlun 
from tbe rk'iulty of tbisw reTolrlng rsalles, tiuiugh col- 
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lixioUN mil) otxut ;in s Un-ui. uivnulii-i in I he conn*.* 

..r aei*« to i-fti-it u miIaIiIi'Iki* of ill hum Minn* |».rtlii,i 
nun I lit- l-ilj of 111- mtu. •* i— i-tiwiw liih . ivrlali. «f tho 
I.Unrts. 

An unpradlM^I «il*MTvr-r fris'in-nUy fslU to Holla' tin* 
Z.n1Iho>] IJiAl. wln'ii ll l-i not dillk-nll ti> -a-n-i-ivn It, 
tNvnib.. * v.T) KriidiHl rtlmliinll.m of 11. hrlxrirunu, 
I., Hi uixtunl iiml lal.T»ll)r, <|.-|.r|i<'» II vt any iKlblli* 
nnlllii**-«. UV Iujvi* Hie li-stlmonj of Srhinlill, J<ini**i, 
»n<l nlhi't n*iN4TVfi> In Mii|i|hirt of III*- *4*t.-i>H*cif Hint II 
Krntluiilly fiiih**. ;i*.ii> to-vnr.1 ll* iiliro* Join.** «*j*i*-* 
rlully call* atli'iitlon In the i-iirliitl.iii-i In 11m hrl-hlti**** 
from 1 1 mm- lo liinv. oibvn Iijivi- fouinl It In* l-ll.ko. ,ir 
at M-iiMl ii*ry f«lnt mi »i>uw i-vmlnsn, am] II hu» l«i-n 
tbuiiibt lo l«* wiM-mll}' l-Tlght.-r In M.iBf >.*iii*-i llmu In 
.ithi'm. It Ik r-«*orili-il Hint on Jaimury .Hal. IKK - !. then- 
K-tv inTd'iiill'li 1 viirliitl.il*-. In li« krlxhtwi-* MmlvHy 
In tl»»i Milky Way. A illNtltK'tloli roitlcl In.* inuilr l*i*twi*«*ii 
im Iniifr ainl an nutiviiril ?*nlUml font", ni-.-iilliKi»il liy 
Joint, in "tho *lri'iii.vr iiml <llirti**i* lli*hl." Tills mUliI 
1..HV Im-li .ixlll* I.. thv vurylni: traluimrrlH-tnl nf lb.' 
nlinim|ilh-ri- llin.iMili nlik-li Ihi. Ikhl In m-n, .ir tip mry- 
inir ***ii*illiv«**n*i*i of the i*-»tiw'« <•)<•. With refer.-!**.* 
■■■ th* TnrlalUm of lirlnIiliH-** In lURi-rent yctir*. lb,. 
i*vhlroee In niil vvry o-nrhmlnv If one uciy lenlun* In 
ilrtivr nny lnfi*n»-iirv front llir vnrlmiM retmrt* ax 11 
whole, it UUI) In* istlll *1iirlltly to flO.* Itlf hi |*o(lie-.i*l 
of tl variation In lln tihuliti-H****), ei-liii lilenl wllb Ihi* 
viirlnlluii In Hie "inantlly of -iljir i|-it*< mill or nun. ml 
tll»|ild)«. Ihii Ibe *ii|>|*orl ill Ibi* U-st U not very -ilroii--. 
An t lln.* few iwinIihin when iru> llxht Im* lieen 



hriicliler 1 Im 11 ukiuI may la* roentloiMil tin! uxiutll of 
Mil r. li, is-u 'ni.1,1 Hint' »hk fi'iukrwl nuiairViihlc hy 

Itn- sinMon n|'i*i*anin f tlir -Treat comet vvukii cnuNeil 

lln*n nurli it *u*hhuI1oii. It ft' hil|»|n*n«l Unit til* 30~mIIjm*-i) 
l.liilu wax iMilnil nn liriicliicr Ibnn u-uul: Hint Mr. J 
<;luWirr. wrlllni,' fn.m Ihi* rnnilirlilitw i HiwrTatnry, 
ininli' tlu> "liwiil.ir mlxtaU* of coiifouiKthut Ibi* two ob- 
Jit-ts. Kiiylnit: Tlw brilliant Irnlii uiil.li ban fur tint 
1,-n.t fi*w nlulilM u[irarl*«l ho mili*tl llllMlitUm in ili'ilbl)L*Hii 
only nni*N*tl liy ilif utiuKual I'riichliir-iH of llir !A>Nllaral 
l.lj.'bl." 'Hit* rrror *rw rvub'lil to all Hiim> "lv*i*rvc*rit 
who ti.nl Morn tbi> /mllanil l.Iictit toivi-rliiie ni>*var*l 
from IIm* liorlKon, liavline tin- l'lrltnti**! ninr Itn vi'«*>t, 
wlilU- tin. rnini't raiiK* nwif|i|iii: ibniim-iml on llir l^ft 
II l» dpw'rlla*d im a maicullkviit «-x*rliit*lr not to Ik* fur 
Ci.l I oil by any uhu wltni'HMNl II. It woubl nwiii an If 
Hie cinnflV i.<ri-*ft*aor wife uoeoniiKiniiNl by nonw* v**ni- 
Ilur irnDMlim-iuv of tlu> nimoniibi'rii nblrh -*i*ihU'i*(.>U itn* 
/>Hliai*ill Llitlil mol>* CoaN|ik*imuN. 

Tli«*r** an* alyo two plM'iMinunu whirh ««• niny lirli-ily 
l>.4lc In i-innifllou wllb tblN NiMiJiN-t. Our l.i lln* 
-ii*^i*ii*N*hi ln. - or 'Vuuiitrr <!low.'' inul Hx* oilier la lh.i 
"Zottlitml ItuluL" Tin*- "I •4 , i.i*n«*lii*ln" In n faint INilrb 
of llitlit >i«-li vi-ry iinarl) ..|>|*.».|li- I.. Ha* Nuirn |>lnn*. 
I'rof. ItiiritJinl tut** sIuiIIinI It for miuty yiiirN, niwl In of 
ihi* opinion (lint It nmU'rwiNv -Imllnr Hianei's in ibi* 
/i*iliai'iil Uubt- H<* ilrf'NcrilN*^ it i*i*nenilly n* n birti* 
alal rloin*]ite(l |niIcIi of Hstit. but iml *.i*<||i|<* [u Juui* 
anil lMi*iDla-r. ■nhtu ll «T.*i*ii*!i tli<- Milky Way. Not 
vrry nnich In known an to It* striK-inri* 
•nn.* -7t.A\»rn\ Habil" In -linfly n iiroioncntlon of Ibi- 



litfllt ol tbl' "li<i*i*list-bi'iu. " • in soiui* lanKlolls It ban 

In->-ii wvii iii -.tivti'b mrow. lln* »ky ill mliliilflit frn-n 
Ihi* ' 'lirLftwlM'In." ntnl i-oiiiMN'lhn: Ibi* t*\'riilii** ami 
iaornltii{ /iNllaral li^lila. II It alNinl thirty to forty* 
iliTr**-**** iu vrldlb, and In 1n*«i mill wbt-tl ll ihiwhk Iio- 
ln«N'i-i tlio I'lrla.li N slut llymlo--. Hal Uilb llm "lictvii- 

Nihfln" ami tin* -H.I..I- nn- .•Mnnwly .l.-llnit.* | 

i«ina-iia, ami ri*i|ulra not only a clnir »Uy. Iml a cb*ar 
Miibt to glliurM> Ihfin 

It woubl br iin**t-Tint|*1uo(i.*( l4i nay that tlui (ili-fiMini- 
I'IMin of tho /mllilrai fjfibl Iiiin l*ot>n fully Nolv«l Vol. 
Ikitu llliNtaiidlnii: thv a|i|qitvnl faliilin-***i of ll*t lunilnu*;- 
Ity. ltn> ri*al amount of UkIiI inn*t In* rou*.lili-nilili*. ll 
iiiuhI not b.* fom-llin iliac HiIn IiiidIiiouh <*oih> In riiin*<l 
In Ibat iinrt of llir nky wlik-h i» IhicIvnI In Ibi' stronK>-**? 
I vv lllKhr. I'oiiM II In* mill nmlil a ilarkoiuil Nky. In 
sti-nil of Ix-lnc almost In Itn.* urim of ilny. It.i brtKhtiii-x-* 
•KiKilil oiako it »o i-NinN|>li-noiiM an lo ntirari iiiilv*-r-M« I 
attention, «*KiN*rla liy «.■* It dlfTorn Iti fi»nii from i*vi*r>- 
n4ln*r ci*lc*Ntlnl .ilOii't. Cnllliti tin* yantN'tllnN, an tli»->- 
ii|iuarii union,- 1 1..- iSoiiiIn iliiiinj; n ^iruinUN niiii* 
-I. tin- Z-Jlnral Uihl In bnnid<*-4 al Ihi- liorlmm. an.l 

Inimuii-j. nnrrowr-r a- ll a|i|ir. Im-n 111.- xi-nilti In tin.- 

•uinu* nay it ililTor- fmio tin* fan like rayN of liu* Anroru 
lbireali-i. lino llihn:, aniNiiit; tlu* many, tile bi*av«liM 
*vm to ti-ll wlili icn-ator evlileno. frmn year lo year li 
limt nihkv In not -mi void ami i-inpty an It wiin i-nro 
tluiuicbt lo In*, a ii. I that "li.i.lnt-.-. loiiilainith elv 
luiriute. UN w ell ik I he laiUH*n.***ly In rue. nr-i. w idely 
Kprend llmmuluiut ii-hwlkul *.|a.-o niiioin; lln- rriim.- 
work of the imlvers... 



On the "Quantum" Theory of Light" 

Is Energy, Like Matter, Atomic in Structure? 



Win *rv »«* inliTt^ti'*! in tin- Milijnrt nf ratlitiliiMiT 
Tli*» ftn*wi*r i.h iWaI nwlUtiim i>f >«>-r*Hi-.l tln trinuutnt lie 
w»vhm in Uio l»4'*t tNMitiM'LiiiK link *e Uiiw U t*»» ti (ti>< 
two llilmfN UiAt till Hptutt: nulUT, noil "iwit matUT," iff. 
li t ur nuy f«tr tUv prvtnt, ^Ihcr. If w#i i-an lo*m juiy- 
xhiiiif mom hImmU ihv** ••uiiUoA, tht-n *« *r»- umply 
jil<itifl*M| in <uir timlu'-i. \a I iw hU1*> then, lit Ihv out—t, 
wh»l .tifnnualUrn ».t liavo «f ttu>w> twn <<Dlithti. itt wtn- 
niH-tiii hy fTnlmttnn \V#> kimv lhat i-vcry Itotly in Uwi 
umvrrv is <u'iiiJiDif *'firivy t'» vM*ry «itli4ir Uwly, \\ r *> rail 
Ut«* }ini»vbU) rrndLatUin- Yimi nlaiwl rl<K«< t>»» it'.\«' tuid ymi 
nm ikTtajroj ttial **hi»i tlitiiK ""ni** to your *riwi* tt-nfuTui. 
ftltir-h yon pall html. Y'hi utan.l to a rak*- «if ii* niwl 
ynil 3Mf»in clitic >t it* prr-*eni'(t wiLlunit tlw rw*J'»-"vat> nf 
nmU'riul fikiita- t* Vi>nr wi[ihutii a iiU>wl mind h-lUyoit tliat 
hiat i* U-nvim; y.tiir t^ly inul-' rapiiUy Uian it in Iwtinsc 
riKctvin]. Si», nut lo luMliffumt In tliin nifunJ. I hUiU' Umt 
wi> n•«r^i(rllt)C-• , t-liat nmtt*T i*. nwliuliru; <tncrcy fo'iu itmflf, 
AT}t\ im (niniilliin"*Hi-J> r*«M'ivin^ < ™«nt> frwm witsiiKv If 
w*> v%*n%im thw radiant t*m*rey l»y ^liUlt**- *j-iit\r*tu*i, wr 
l.nd lliat il **hk to hmw. idl tlw- pnMM*rtU<* of » »hv««, 
and furtln-r w ith «lhi-r ap|)*ratuR w i;an n*»l v<» tin* wavi» 
into lyiiitpiMLK nL itorUt, runniiw; fn*m wa\»n of influit.'Ni- 
mally *hort. It^inttlt* tit t-lio** <rf infiiuu? U<iurttiK, Not only 
Uiat. but f»iri.i»T, wn find thaA ibv *t;wrx>* of this nulla- 
lion i* not n|iudly dtrttrilmu^l anion* tlt«utn w»vm, but 
i-i di^lrilrtitrd that Llwre ts od<» tiut«iinum for a r»yr1ain 
wave length, aiw! thai tlwi uaitiry f«IN off for wave h-n&k* 
»>oth RhorUtr and loiup><r than tlii« oiw-. It may U> of 
tuU<r\«4l to you tii know tltat in an ordinary r**»n tltn 
ol»j*«rtft an- all nulla tine, aiwl that llifi m-av.t l«'ikirth *4 
tin* radiation that »tmtainR tlui maximum fiii*ncy !-■• afHiiit 
1 it.fNKKh of an livli, aliilo "i tut otli-nr hand thr iun'1 
radiation finds iU ntaxiinum at a wine h-niflo of wlmiit 
l/.'iO.WrOlti of inrh, or in tlwt yollow-ini^i |H»rtirm of 
tlit.' sporti-urn Tin- aU»v-« illuvrn4tw.11 !i-*x jiini- ipaf-xl 
my iwit ]*-»ii»t, whiidi i« nwnJy that thin rr.duiti.oi d«>- 
[n hiIh H|m»ii U-in[M rntun' uitil that Ihi* hitfot'r 1 1\ * ■ U tn- 
IM-ratun*. th»* ^li«trl*f tin- »a\«- lentfili at wlii"h thr iimxi- 
mum iMTun Thin fa** I, i*i>ii|iI»«I uiin \h*< fai t tout itui 
total i-n-'n/y i*-nt mil fnnn a lnwly 1* |ipi|H>rli'Oi:d tn tibt' 
f.turlli |ni»«t -»f it* l4>i.i|*ratiin< aUivr al^dii(«< o'M. 
.•itnMiluKu a v.rv .^'tilnil |«ri «tf <>nr iiif..nout jon «.f 
r;utiuti-ui fmm thr MAni)|H.inl ..r M|i> I ml I-h|*, 

Now fr«»in thr stjkin l|f out of thr . thtr n«> hsu •> ;> t»'ry 
Rtili«ra«'Lory Imtiy *tf know h dvft Muxwi 11 lonir i%g»t 
r<howi>d Iwtw an vtlnT initcht >»■ th <. |ti.s»**^itnc r*TlJUri 

• h^'lrv.' and niatfn«-ih' poii" r'.n h, uliii-h ■amuUI i-*rry for 
v* thl« m>iri|tli*i'at<-d v, in. • ..(i-f 1' n t hil' r;idwi<loti. \S fo 11 
thi* nuliation i.-< >iii>< vn ll Ht: ( rUil i«n i*.< way 111 tlw « t*H-r, 
MaAW.'U'ii tlwM.ry hamll*-- iu |>n*«r*.«K* h«-.Uitifiill> . If. 
A<-t.iiuu1^ f'tr a d» liuil" ^|.«^ d "f itr^miriiliofi; it iw-'^nit'* 
f-kr int'-rftT' Ti' -..niid diiTr.n tinn. It iWH»i*urjt.t. olhrit -oriK-- 
v. lu.t ••liiMLfily. for f lt--ii.rii .kt Virion* kiiuU *J surfiu-y«_ 
|N>htn/Utl'ilt mini iil.-'.rpli'MI. H»«r-.cr, it dot- u«<t ••oiv- 
• MirKW-l ni^l l-M"f f'^'l t-^"f l'.<>^-- — ''t.rt uf 



By L. Y. Sic«, Tli.D. 

iw-'t lln* matWr ju*l diwiinfMtl -t>m|wmliin* and radiant 
t-iu-nty with |tni|.iunitii>n thmutfli th«- i tlwr, S>i aft«-r 
all, om <*an v»-ry ^thm)k1v doiiht, in vj.-w of what wi* 
knom of nuhalion. that wi* ktiom the finiM-'lmi; hnk 
1n-1w<h'Q llif hfiitint: of a Imdy and tlw -ulwt-qiicnt ap- 
IMnram-.' 111 fitutixtof tlif radiant •Mwrgy- Tlt*«n' in niintinR 
a wry nni-'rtam tiitiiM«-tlna; link, Thi* inutH-ciimi \* 
inif.iiiic, «'***ci in \i«*w irf thr n»Ml«*m MrrlrH-al llMitri* 1 !* 
To sum up thist portion of tin' diuMiioiion, vtf *ny that iu 
thi> rfuhatn'ii fn.m nuiU rial Uh1m>i thvro U 0**.* itu*.*! 
witii vwry wuvi! Ifiuilh for a K'*«'fi U'iu|M«nil«rr a wr- 
lain ajnount of ^nrro", which i« a fun**tuin jwihly uf tlw 
u»o< h-nfrt-h wii«l lln* U'lipt-ratitrv. T|m- <*wt tyj»- irf 
Ihb* fuiirtion wi* do not know, ll lui* n-iniiiih.-»l for tlw 
Quantum Tlwmry to a-dvuwr a iy|u* of futn-iioti nior>- 
w«arly JMrrMiinie with tiift faj-U than any pre viously kmtwn. 
Aml. ju.1ic.fi *»U*y on Ihii Ikvok. it 1* a tti»>r> w. |l aorthy 
of our *rriou« study. 

IW/on* wr nonaUhir thin r»t-pnl thi*nry, it is itii)x»rtanl 
trn>oii^li r <-» rtniil fiiiH , ttini-r«iiiii«'tini£< , nt rc> with wav«i 
hiiffth anil to-inprraturr, lhat haw n-*ul(»<d fnm. tin* 
study of -t'laaw Uirmwid>TtMi*i.-< ami 4 > t««*taKlynuini«'«. 
Hi<m«tmlKT lhat *n> amHi fun. t ion mu»*i -ati-fj a rondi- 
Uon iti Lmutllhritim on tin.* onu hand l« tw«-«ii tho ktimUn 
biuit rnrtrgy of tlwt mohfMtlna of iiiatUT ami the* tie*' i no 
«on ton U of tlu->jT im>1ivuh-N, and on thr otlu-r ham I hi*- 
twet*i th»«i* .'li^-trirrtl cont<<iiU and what w*t an* ph>AM«*il 
to «**H fm* ra-fiation in spmi?. It will lu.p i^i'ntly 
throu^hoiit this dism^ion if wn imiifiinr a rcrtain *i*a*<u 
t«> b«< rnrlii^iil. with wail-* ali^ilntfly ini|wnnf-ahlf tn 
nvliutioti, and tn thin b|kmm* to unaclno (tt>*«*nl lojp'tlnT 
nu.ttrr in tin- form, way or an idral tfiw. at low prt-&«-un' 
ami tit any ifiv.-n U'lnjhiraUin', and it* radiation. The 
wall* uxr to \n- niaintaiiit'd at the Kaim* U'iri|HniUirt* an 
tin. otuloml (fax. Viirthrr ki-op in mind lhat tlM-rv in 
mtplHi-id to l« •.piiLihriun. atuinod in lIiib *|rut. *lwn in 
a t'l rtaia |»T(noi ir thf rj*> i» in -he niall«r, and a 
rvrtjon olln-r in>rln»n in in th<> cthtT, and *t tlw lulati*'** 
*tay*, no niattrr whnt t-onstant iiit«'r*»'huiij*v in this fni-ory 
\h' J* may 

Wr thall lirvt l.tok al Itayhich - funrlion whHi **liall 
}m< di*wiisw«i as hri* H v ax pn*»ilt.«., Thr i-mTiry |Mi*«M-H«f«l 
l,y il.. tnattrr, if miiIIk 1. nt nmlf^ r is pnoi-nt. i* hii|I|hw«| 
to In? Hni.1-4 up int^i a-* many |M»rtioti*- »>. tlo-rr atv 
d-i'i.Ti'.'rt of fm-iliini, ami isiu-h of ll>i r«' «t<vnt-?» *«f fm*|oru 
Ixto.^.fco.fM it_ H t'\t 11 »tiarr* of thi> tunriry. If thrr<- nn* V 
nioh«-'ul"-* pn'Mi'fit, tht-ru ar*' H.V d<^*rt*f»< of fr**ih.ih. atwl 
*o. t<fv, ii.V M'jtaratc |m-ritoo? or the cfo-nrv . Arvtunfi on 
Uii*t l*ii>t-t. and iiciiin th<. law* of Maxwrll. an<l lawn 
fmm tlio litu. ll-- th.-i.ry <if ua^-h, Rayloitfh arrhvd at a 
ri-rtaiu alt'^KUH' «*xpn«<*ion ^nitMx'Uni: th*- total tto*nry 
and U'lnprratuno. On th.-; Vulo.*- of thr ahovr lav.*, no onr 
ha* ciiiN-if^fiilly ^iHitriMli«'t«**l Kayh UrS > fnrriMila. Thr 
o(il> •diocu^.ful roritnitli'-t-KHi ln-v* '-mii«' fnon - ri--riifi. iU.il 
fu U. Thr M-riouft uhj.«-ttoiL* arr the"!*: Hi*, formula 
dora not l.tad t*i thr rliarjuMrristio maximum of which 
I ttpoke at tw* Uviuiuiic, the tsXnft^tu fur th« lolai 



rtimr> « only irtn- for loiwr wa\r» at any (tivm trmpt rft- 
tnrv, and nuirr wrii»u>lv still, his hyitoth*-«i-- of rqui- 
partitioii of . n. rv> aimnii! idl i\w dt-en***!! <if fr»t-*lom c»f 
inolion will nrrr-oarity Itwl to an rt|uilitiriuin sitat*- where- 
in all the riwTity in our rnrl-iwur.' i>- •-ontaini d in )hi*i*lh«-r, 
whilr tlw inatt.r Ih.r.-tn U at i>nwtH'»Jl> alwdiii*- /-to. 

Thin t- Ut-j.i|r*i . f r. 01 1 Hit . f i-M.irir ;h Miwtrft . 

tin* ..tlor i.M-a^^-K .-oil uihnitM Uf of d*-<rw". .»f fr**»- 

doni. 

It wan in an atU-mpt In *m» mmlify th*> idra of rqui- 
partitioii thai it would mtt hnd to irwoiMi'-if- m n^, tlwt 
hnl J.-atH tt 1 aniK-ilii'-r n )n.bd i(i.-ai i.mi 1 .f I ta_\ U iirh'M ll^Ty . 
In hrhf, Jr^n-i admit* llir infinite huriImt of iltyrt-n. ol 
rniilom nf Ihcrtlwr, hut nay*, that tWoiim r-harai'trrir^l 
»>y -BHtninHy rajttil \ il.raiioi.-, »nd thi^fh*wl<rlr->«l l»> 
L-\tn*inrly nlow vil. ration* an- m vaxtlv \r*m iinjiortant 
that thr toLn.1 « iMT|p "in, mi bt *.|-.ttk ( 1< nijiorwrily div ided 
anioiitf tlwt- :t,V d.-ifTtHt- of fro- -il* on |m .-■■>♦* ••o.t-d hy thr 
mol.t uh-**. pIuk thr numltrr <if d^itTnti in thr i thrr In- 
tnt-i n rrrtain hniit-t. Thr nuinttrr of ihr-sr dr-ffiH-ji » hy 
no rm-aiift inhnitr Thrrt- in i.lwn tho juiHwiUlity nf a 
epiH-o 4i|utlihriuin li. tw«-u inallrr and rihrr, althoiik'h 
in tlyt (Miumn nf a RTttni fintr, thr 4't-h«T iiuit.t tak-n ]Hitr- 
tit idly all tlw rnrrjry. 

Yvt mvitlHT funrthm han h<*u drvolo|»o«l, thin one hy 
W1111, fn>ra thr Ktand|Kitnt of rli-t-imdyiuiinU** ami thr 
lawx of tht-rmmh namii'R. Thifl fun- lion ha*t Uvn Rnrr*»-»- 
r ill* in that It Ii«h -wrimnuot for a **<Ttiiin d.-Jiniu- ma\i- 
inunt of the mutklv at a ijivrn t«-in|irrntun* and wav*i 
Irntfth. It in nn-mtwf art-try 1m-><aii->o it Ilia tbo oxjwrl- 
nuiilJil fa*'tn only at thr nlxyri *Aaviv.ii>t|-rtli <>ml irf thtr 
*p*vtrutn. ll may ho added lhat tlw rxiwt fuurtiun iMnn- 
iwirUnjr tlw*«n 4)uauritirR htm not U-t-n diaN»vm*d. Wi*n 
nlmply \uv* nhown that a* mn a* tho form of the fimrtWn 
in known for om- trm|*rr»turr, il 1-^nm ■* known fur all 
l.-inpi rnlun-s. Th" lawx of tlk- rm.-l vnnmK-« and nf rlo.-- 
rn«ls iiiium *. :«v itot «**.m|N t.-nt t-> (fiw t-lw c-xant form of 
llir fiinntou. W » mu^t lln-t h.nn a rh-ar pi-tun- of ahat 
U emiiK on in Uie atom. 

Il mmainr-d f«>r ltanrk to arrivr at an rxtw-nwinn for 
thi* funrtlon whitth in- lo Ht thr f* ih of vjtperiiiMmt 
with Kt»*at owlnrw. It woiihl Iw a pbynlrid iinpoRsi-> 
hility ft>r nu- lo indiratt- 111 a xhorl limr tho *lrp* hy 
widt h llaiirk ;*rnv»d nt lit*< f-trniula, lli>- -v«*u)nptioti*. 
h»wcv«r, an.-: lin>t, that our mattrr in Ihr ifirkMiur** ii 
rnni|MKcrd of a im^it nuiiihrr of vihratinj-r rra**naton«. rarh 
uf uhh'h \* thf -sioi-.td-'Hf , if you plitv', of » wintr«j< 
tt'hvraph pi*«-rmlt-r, i v., a Ht-rt?. wtttafar. Kaidt of 
tht-ar has tt« own ihti'mJ. Th-rr is '-|iiihKnuin iMttwr-m 
tin- vil.raior-. an-1 ih. t tli- r. and tlw r-lalton lwtwi-t-n 
Ui<t«t- in nht.-iin-tl hy *-U-tMnuIyriani>r-t. Thrrv i* ahw *-ipii- 
hhrium hflw^-n the mol»* iil> > am! th**-tr ri'*iriattirn- It 
im in thin l;i*t n hit hi n that I'ltux-k kv* ncwh oiw of hi-» 
uuiqiw iiAf-urnpt hui» Ih lia^ alwi'l-ttml »--pii-i»artit»iui 
of erit-rto. , uut ha* arrivKi at tli-- -lirlnl. ition -if vnvrgy 
Aim-tor tli- imdit'iihsaiid n^matora thntnirh a ■•otwidtra- 
Uun of proUbiiily uf chatiL-r. ll is «tramri* lhat tlw wuo 
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laws lhat govern icgithniii. gnuus of chance should staud 
us in paid at.-nd for the solution of problem* of radiation! 
[ am sorry that t cannot take up with you. Mlcp by step, 
.-qtialiou by equation, this n-markahlc development. 
Here, as id ullwr portions or this p»|w*r. I must cnup-iit 
myself with a few <rf llw* more interesting of the d.slue- 



Tbnse who an- familiar with physic* will know lu»t 
there arcVertain prwin*p« iu nature Uiat art- irrcvendhtf . 
Anions th.'in an- the natural expansion of a gas, inn- 
diiction of heal from a hotter to a colder body, and Itont 
l<Mt through friction. Thirc is it law in t licrin*M.l} namics, 
tbt- second law, lhat savs of Lli«-r««- time- --lliut they arc 
irreversible pr-« -««~. it i* the way Nature acts, and when- 
ever she so acts, ulii- luw laid up again*! lu-r n»or«l« an 
incnsutc in something we .-ail entropy. Never has an 
absolute proof lit-t-ii given fur the sts-olid law of thermo- 
dynamic*. We have simply ni-vi-r Iws-n able- to find an 
exception, lfaiiek, from tin- ue>rk of Itollfttnann. ban 
found a reason for our lack <sf a proof of this law. for l! 
cannot be |m>vod. ll rests on pure chance. In llanck's 
way <if looking at it. tht- thr..- fai l* sjxik.-n of al»ivc: the 
maili-r of expansion, cuwluctlnu. and friction, should be 
staled in this fashion, jt is very' safe lo nay llutl these 
three things n 'iU always liap|M-n in nature, but il i» not 
at all a i-i-rlaiuty. In other won!*, a gas might -rfinw-lime. 
of itself, oontrart: lu-at might soineliukc gu, of itself, from 
a i-old.T P. a bolti-r body; and llii- hot usually wasted in 
friction might soinelluie turn itself lKM-k to useful work - 
just a matter of cluuice, although the cbniicc in vasUy in 
favor of Uie ll-aial phenomena. Take the lirst case of the 
gas. Tbe tikok-cules an* moving in all emiecivalde dimc- 
lion*. Why might llu-y not, at some time or uUu«\ lake 
it into tln-ir beads, ao t4i speak, to move alt in one dime- 
tionV If so. the cm could ca^ly lie seen p> contract- So 
then llanek has used Bultunaiui's exprwtsioii for tin- 
(■fitmpy of our nutterial btaly in terms td* pmtiahtlity. 
liul «v*-u thin baa not Ix-en anffli-M-nt. lit has, lastly, in 
order Iu la- aide to ouunt up Uie probability, been exim- 
pollr-tl to ateuine tltat tlut enerxj- wbKh a liody iixpolii, 
miu( uMfvx mt usj/if/ssfy, b\d matl Ik tent out trplnAuvtg 
in in/r»r«J numi«rr« of v fimUmrnlul vml '•/ enerty. Uo ia 
abb- lo aeeoitnt f--r uniform uUonilwn of eaervy, but not 
for iu uniform «>mt«iiinn. 

I liat-e hum. in brW, outlin«d (he Kvneral aapeets of 
tlu! subject, and have shown. perhai« not nearly an eom- 
pUtUly and eonehiMvely as miirht be desiml. tho points 
in wliieli rlaaaie etneij-odyiuunif-a and tlieniiotly namies 
hav«i fiiil.il lo iu-couril for even llie ino*t obvioui twls i>t 
radiation. And uuiUy. I have outtined, in brief, the 
laaential fnatumt of Planek'a Quantum llypothtsus. We 
muat uriv look iulo this latttir theory and review thorn- 
lieUls of railiatiou in wbk'li the Uieury lias met not only 
Hirmw, but also failum, for yuu must know Lhat tin- com- 
plete solution of the probli ni U by no m>ans at hand 



■am-ntial pintulatni uf the Uieory. for il ia on uVue rxMtu- 
laU>a that wn a-aiit to funis our attention thrmurhout the 
rt utattidi-r of llibj paper. 

The general proble-in is to llitd a txiunisU-nt eomu-etion 
hritwoen the i-fiersy of radiation in siatee and thti biat 
r-ia-nor in nutth-r. th» i-neryy to lio dep-rnuued a» a fum- 
llon of the aav« U-mrth and the abwduu- u-iuperaUire. 
Claaxii! ile. tmilyruinu.-s and th.frmixly naina-s, IwhhI as 
they art- on llamilt^m's I'rinejple. a-hieh m««Marily im- 
lAiti the validity 'if tli* <anin.pt "f i-<|iii-|iarIitiou ainoiur 
all the dettretH .if rn-eiloiri. aud bused also u|ion laws of 
i-ontinuity, have lmn foitml t<i fait in the. solution. 
HtartinK on nuitf new irmunda awl ahaiMbmine niuvb of 
the daaale pritu-ipU« of eU«tn«ly iiamk-s and tbermo- 
dyiiamies. I'lanek baa <bivelo|H-d a wluilly new function, 
and onr.. t/»>. tlial luu bw>n i-mim.ntly sunManful. The 
wluile foiintliitiou of bib tlveory in niutained iu his stat<- 
nvrnt in tb<- i^refaee Ui his tn-atine .m KiMtiatinu : "Kiv- 
tmpy ia a oountalde tbiiae, varying fnnn anro t/» infinity 
in Iu inaciutude, and not, as in < la»i<- ih<.niiiKjyikaml'v. 
runnimc from pontile P» m«pslive iiilli.lly." Se.-ti »« 
in detail, his poitulatns an- tbn>< in number: first, i-qui- 
tlbrlum oil the Ixuria of nln-mid.viuunies hotawn riulialion 
and the ota-illaton iu tlw- atoirui of matl«ri sucaiiid, tike 
entropy of a liody U a funelion uf the- pniliability of ila 
pnvsMtt statu; and. lasUy, tho emission id* em-tyy tn>nt a 
bialy in finite unit*. I ltavo already illu-tratod tin- )n«r- 
inf i>f pnibnbilily on entropy, ll will perlutiw Iw well to 
look further into tlwi rratMiii for assuming- deunilo enorey 
unita. arid ».inio of t-lio .-oiisi-qn.-iKat* of this aKstitnptinn. 

Tbt. first, and uu>«t iin|M»rtant nie-mi for exidmiie 
radiation as cliKtiuiruishiil from t-ontinuoiu enussion of 
enerxy, coin." from tlu. ntsi-ssity of lieing alibi to handle 
a ftnilo nuiutier uf .-wricy uniu in d. I. rinmiiic the |wol>- 
ability of any .ertain state of the Isaly. IViiu-are luu 
said Uiat siiwa. radiation de|H-u<U «i|xm vibrating matu.r. 
and sine<» vibrutine matter is diwonUitiutiM, then il is 
not at all illutrieal to ai-nitue tlutt nuliatlnn Ih inail.- up i*f 
diaeuntinuities. Sir (iliver IjmIkc in bis pn-^iiii-ntial a.1- 
drms before Uie British Aawieiation wnnixl his humrs 
tlust w« may some day oven cm* to tile belief that llmo 
itsrit b dolod out in discontinuous bun.ll™, and that our 
existence may, in view of some futuro theory, nr"' « to bo 



no mom oontimmus than tho pw uinn Uimwn fniiu Urn 
kin«.uutto(frapli. Hut to return Pi tlte dinniniiiun of tHt>-« 
Unite liuniil.ii of energy. 

On both, sound theoretical and pxpcrinM-olal irmunds, 
Planck oanw P) lh« oonelusinn that th<~- .-ii-rgy units, 
whllo finite and dellnile. weru not all of Uie same »ir.e. 
In fael, the nxpmuion fnr thn nuurnitii.ui of this rlenmnt 
of «n«TEy is i - »«. when n is the fnnpicncy of vilmttion 
of tilts uselttahir. and A is a uni vernal constant in ratliation, 
eidbsl by llau-*k the universal H'li'lbun^soManJum. ur 
o]«Tatin|[ i|uaniity. We must later say morp of this im- 
portant eonstanl. *. We team fruni Uiis i.x|ire«>»ii that 
when an ihu-iluitor luvs a hisdi freqm-ney, th<-re is uwe 
eiated with it a large unit <af ern nry, while a low fn-quency 
willator .-an emit a much unaller unit of inwrcy. Tliis 
Kites us. witliout furtln-r details, an i.bm why mi little 
eni-rgy is found in the violet end of Liu- s|M-etrum. Simply 
bt-eaiiM. in ordrc pi radiate here, it require* the absorption 
ol much Inreer i iitnty uniu. There arc a host nf verinea- 
tion* for this a-vtmpllon In other realms of physios. F.ir 
example, N'emst nixl his a.-wnetausi workioic on the siilw 
i«-t of lust eapacitics of luidies at various P.m|wratun«. 
but purlieiilariy at extremely low p.in|Wntor.'n, And r*>- 
lliarkalde iu;n-emeiiL between ex|aunnu-iil ami theory. 
Tile n-ason f.ir tlie low heat eafMaeitins at low tempera- 
tures and thiir increase with temperature, tlie reaaon 
fur the law of Dul.uii! and I'elit .-oncernini: nPniiic ln«ts, 
tile di-rivaliuu of many of Hie elassie laws id iras theory 
— ull have his-n iudicafea-* of the simess of the Quantum 
idea, in this .Ionian). 

In licht we Until still num.- stnklus; terillrations. The 
photo-electric eii.fliry' can lieqtiipf satisfai-torily acmunted 
for on thn basis of this theory, as also can many of the 
eli*rarleri»ti.n of stsamdary eatlioile radiattoii. Thvx 
tao ideas I shall develop a little more fully in a latex 
sis-tinn <s7 this jtajier. The apparently simpls matter of 
lilke spei:tra has la-en a problem for tike physical, uf no 
ttiean proportions. It is easy enouKh Pi say olThand that 
tho lines in tho spuetniin of hydrogen, fnr example, are 
duo to various electronic frequeueie* in the aUun of hydro- 
Keu, when tins atuiii is disturbed, but that ia not at all 
snlixfacusry. You must know, of exvurse, that an electron 
vihratiDe al»iut tho positive core of the atom, omnposea, 
with tbls con., a system iu equilibrium. In thia equi- 
Ubriuin state, witli tlie eleetmn vihratins; regularly, no 
energy cap lw. cmitusl, tH-.-anw by such an act. tlie sta- 
bility of the •ynteni must lie overturned. That nusuu a 
eluxuev tu tike vibratiun frequeiu-y and if the eniission of 
radiation is a continuous affair, tlie fmqiu.ni 
must be a isintinuous one, ami tlu.ro vanishes tlu. 
lality of line* in the *]»<-trum. This jsvit slimmer. Dr. 
Bohr, in the July ami SepteujlK-r uuiulsnrs of the I'hilo- 
supAiraf Mnoazine, has jtn.pos.wl an explanation of the 
jMialiteiion of tho hydnigen spts'tnim on tin. luisin of the 
Qiiaut4im Theory, that is fascinalliiK in the extn-me. In 
brief, Dr. Bolir |>ietumt the siikgii- ebs-tron in the case 
uf hydrogen vibratint; anwnd tlu. eom in noo of many 
stable slliplioal orbits. No radiation take* place cxeept 
where oue of lluae. stable orbits is changing to another 
one. Then the radiation is of one fn-qucney, that eur- 
naponding to tho fn-qui-ney in the orbit nran-r the center, 
au.1 the energy eluuige in tlu- system is this same, f - a 
tiimts the frequency. In this way, all the aeries of lire* 
at present known in the hydrogen «|>octnnn have la-en 
amounted for, ami also some other lines have Itoun pro- 
dieted. Again in tlu. subject of light we may nrvtmuit for 
flunrvacence. By .Stokes's law, we are told that tin. wave, 
l.-ngth emitted in fluorescent materials is tower in fnv 
queucy tluui is tlui exciting wave. There are. hnwever, 
some exenptiona to this law. tm tlvn basis nf thn Quan- 
tum Thrnry the ohaikge in ra.llati.in means a eluuige to 
a lower frequency, and lu.ntH; to a lower energy. Tluj 
energy lust has las-n absorbed, poasilily by aoini- si. iw nkuv- 
ing, tuin-light emitting vibrator In Uiis latter case, we 
can say that tlie frequency ia a function of tho nnergy, 
ralhcr llian that the energy is a function of the fn-quHiey, 

In tlisiliug with al-MHTption, fluiu-k ha». aoxmling Pi 
nonm physteists. taken a bux.kwanl st.fi. In lhat he has 
found it |tossil4c and also quite desirable pi consider that 
the absorption i*7 energy is continuous. One itano for 
this aasumppsm is that the alttturplion of a finite amount 
of energy from an exp-nuvt steady radiation can lake 
place only in a finite time. If the incident energy is too 



of the etched vibration Is in comparison to an .-iiergy 
• Irioent <. the longtr tlw. time fur absorptsm aill lie. 
Now with incnMising vibration fni|U>ticy the energy 
Hkent ta-eumte. very large, whip- we know fmm ..vpt-ri.-nce 
that tlH. inP^isity of radiation for this large fn-queiiey 
htuni." <n<ry small. Here, llw-ii, the lime for ahsin-ptioii 
, would U fur too gntat lo agnx. with exjuji- 
As a result of Uiis tsquwial hypolhi-eis ii>neeniing 
alui.r|>tPm. it follows that a l»)dy wtiieh can only emit 
utegral numlw-rs of wlude enenry elements, and llbsorb 
partial elemi-uts, ran lie naught at alMolup. vn,, still in 
poRwtasioii of st.tut. eie-rgy. Whih- at lir-.l lli.mgbt tliis 
seems nl>surd. il is not so strange w lu.n we n ineniber that 
wn have dcfln«l al»olute x.m from tie. Htandis.iut of 
jt staled any thing d. Unite 



cstneerning Urn earrgy uf tlie eouteuta uf the uutb-elile, 
All tlu^t- i-AT>erinteutal vttriHeations from portions of 
physics outside those portions from, and for which Planck 
lirst outlined his thtiiry. have lie«-n of map-rial assislanei- 
io the spreading *tt his Hb.a>. for it must Is- eomi-di-*l 
that the Quantum Theory lias ii.nbsl tltese vrriftcatinns. 
for the thwry, as regants radiation iilK'noin.-n*. has not 
always follow^ the jtaths of eorn-et logic. Kiiriber. the 
thcury puU a gre*4 burden on live atom, for there must 
be pn-sent all tlu-*e oscillator*, twh with its peculiar 
period. I have purrstsdy av.iidcd the use i»f eleelntu, as 
a synonym for oscillator, just as Planck has done through- 
out, for the oscillator is at |irettent only a name for some- 
thing that may have many other p.euliar |kro|«.rli.». and 
until we know num- <sf il, we luvl U^t use the original 
wonl. 

Ileforc starting tlu- last section uf this |>aper, 1 Mbould 
like to nay a few w-onls in n.nn.-etinn with the universal 
irirsiinyrqrtioJWuM. or Operating Quantity, h. If we have 
faith in Planck's tlimry, we must Iiave the must whol.- 
snnu> respect for this quantity A. It occupies just as 
fundamental a itosition in energy as does the rtemental 
eliarge * in electricity anil matter. In fai-t, at the last 
meeting of the Itritish Associatinn. .leans haa found a 
strange and renuarkabh- isiiin.-etinn U-lween * and A, 
two of the nuisl fundautental thiturs atnt )m>lgtbly th*- 
twn fmutamenlnl things .if physies. Tlie rdaliuu is 
hanlly d.-finite enouch for one to he ealloil a function isf 
the other, but live ansocialKill of llltw two. even as tenu- 
ous as it sts-ms, has in it prusihiliti** that arc fairly thrill- 
ing. The one primordial entity, the one universal regu- 
lator uf the ceaseless ebb and flaw of eiu-rgy Ln our wurid 
of s]iace and matter is lacing farmed for 11.1 out of the very 
mists. Some have attempted In define h in terras of 



says Sommcrfcld, "is as useless as a iikeebanieal dulinitiun 
of Maxwell's equation." Knergy doca not difiend upon 
molecular diniejxMoits, eoustitution, aud the like, but 
rather tile very existence «aT molecule* is a n-nult of the 
existence of this universal operating quantity, A. Simi- 
larly in regard to eiierey, We have spoken uf energy 
janata, but these while fundamental are not aU alike, 
so tltat energy itself .-annul be conceived a» being thn 
fundamental tiling in physic*. Rather it is this same 
quanlity k, which nsrulutes and controls the manifesta- 
tion of eiu-rgy, that is to be lookisl upon as essentially 
bai.ip. In hia paper ltefore tlu. British Association this 
summer, Jeans declared for the new idcus. while still 
[onto the old. by stating thai Maxwell's equa- 
slvoiild in their gencrahied form contain both the 
quantities a aud A, tile unit reqieetively of electric charge 
aiul the univtffaal operating quantity. When these two 
quantities am missiug fmm the equations, thrsi we am 
dealing with special simplittod eases. 1'bis is just the 
reverse of our usual views isf this matter. N.iw. lastly, 
we hav.. spoken so much i>r thU quantity A. Uiat you may 
liavc a d.flre to know ir it has a numerical value cx- 
lintatible in ttTtna uf our fundamental units uf length, 
mass ami lime. Its magnitude has been determined and 
proviw Pi be the extrene-ly small numtvor, tt.4ir. X Hr *' 
g. .-m Vsts-.. or lo make it a little more striking, there Is 
a dis-imal |ioint ftdlnwcd by twenty-si-ven ami Iwfon- 
the first significant flgure. In Uiis connection. I cannot 
n-frain fmiu mentioning a new Bet of fulutaraenlal units 
which Planck has suggested. To lake Uie place of our 
units of length, mass, time and p-mperatiirc. be siucgcet* 
tie- use of thia quantity A. the speed of Itciit, tlie univtraal 
gravitation constant, awl thf. value k iu the formula for 
cfllmpy, wbtn- the entnqiy is a con* tan I. k times the 
pmliabUlty of tlu. spile of the body. Tln*e f.mr units 
depend u|»n tbe universal law of gravitatiim, the |imp- 
agar ion of light in siioec. and the two Laws of ihcrmo- 
dyuamtcA. On thia sysu-m <if units the abstdute unit of 
length Ittssimi* the very slwirl diatann- of .1.110 X 10"* 5 
cm; the absolute unit of time and still smaller nqmbsr. 
I.:«X 10 1 * see.; Ui<- unit of mass,;..n7 < l<> ' g. and tlie 
unit of teinpcralun-, :i.f»»X 10" d.-g. Cut. Had I time. 
I could give you suflieumt reason- for btlieving thrae 
units b..tUT than the ones we Itave. But we roust go on 
to Uie last nocljou, tlte one from w hich ih.. title of this 
|kaper was taken - 

Sumly it does ntsim strange in this day for physics pi 
ask again the world-old question What is light? but 
llu-y arc askiiar tlie question pe.lay with gn*1er insist- 
ence than ever before. It did ws-lll live lo ten y.«rs ago 
as though we luvd a welUnigh |M-rfe.-t pictun. of the 
inecbaiusm of ratliant energy in space. Hoa'ev.r. the 
IK-rnsp-ncc tif invtistigulors in tbe doutain <if exiw-rl mental 
physics has made it necessary, at the very least, for us 
all lo review very can-fully our nIih* als.ut this matter 
The particular develupmeul of this subject int.. tin- naltin- 
of rndiaUon in sj»ai-c. is mil a devi-lopmenl falbi-re.1 by 
Planck, the founder of the Quantum Tlusiry. who has 
been particularly ii.iiwrtaUve on tin- extension of the 
sub>is.t. We owe pcrliaps mtm- lo Kiitsp-m, the founder 
tsT tin- n-lativilv tlusirv , than to any other rami. It must 

b«- staled that Kin»t« in s Isdd i.b-as un iu pie.) in their 

entirety by very few phy si- lsls : he t'ert la «•-«•. Hw y anr 
n'tniirkal.l.- . noi»ch to wnrrant most -erlous study. Tbe 
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whulv question «. Irt mo ivjmat: What ronHtitutes tight* 
U it an cJ.K!tr<.mii«ni*tii^ wave pdUKit.|- out through llie 
ether of s,*ee. ur in il wMtiuthiac quite different? Anrortl- 
I imc 10 tnL * t^iuuituiii Theury irf radrntmn, thnre in expelled 
fmra radiating mattftr energy in ditrtioet bundle*., indi- 
vwible for Miy given fretjtieiKty. Now iu what stata due* 
tbi* vtuirgy gi> forth? \W are confronted at tb»» nutaot 
with a grunt difficulty in attempting to overthrow tlte 
theory of MaxwvJI, for wr> li*ve abuudaiil evidence from 
experiment that thin theory dues suffice. However, aa 
1 tiaid above, there are other uvprrimrriU arrording to 
which MnxweU'* tfuury sccmn to fail e*in.|«.etety. Surely 
we niUMt not rwtt «Kitent with any theory that cannot 
cK|4aiu owryLliing that fall* under it* itoioain. On I ho 
other haiMl, we art* not jiiKtilkod in abandoning a theory 
uDtit wv «w gut a more MUrf****? substitute. First, 
a wurd voncfruiug the mueh discussed ethor 

I look on too m-ivd rthrr, an containing two meaning*. 
One i» the oth. r of the phih-tonber. if tin* philottepuer is 
iinhitppy with Mp*e*j that in absolutely em|>ly, tlien let 
liiin till the s|nmm-' wllh whatever in necessary to bu system 
of owtapbyxit*. (in the other bawl, the physicist ha* an 
mber whx-h is purely a ehild of hi* own imetle*t. The 
etber of the phyniniitt in niiopue.ty itself: It is merely a 
fabricated medium that lum just sufficient propcrtM* to 
satisfy Maxwell's equation*. If we try to give it any 
other properties' we are totting Into the philosopher '* 
domain. If for any kwhJ and iulBcM*Dt rrasona we feel 
rsrwtminod to abandon Maxwell * wave equations, just 
that minute the ether of the phyMieisl ream to exwt- 
Tine other man's etber may still be Uinm, but it has bo 
niMMtwvy function in tlie propagation of radiation. Lot 
on follow jn a very brief way veuve of the idea* that bavo 
led some p.iy*icl*t* to abandon MuxwcU's equations, and 
with tbn*c equations the nth-v of space. 

The »inly thoroughly **l in factory theory of the atata 
of the ether, and In BptHildng of the etber, I, for the fe- 
inaindnr of thu pn|icr. shall refer to llw phyf whH'a etber, 
i» that of Ixm^itx, Hi* jxiHtnlaten a nbotinnloag ethnr, 
ThU ban Xmn-a U*l«.*d by lln* fumoaa MkjIiuIbou and 
Morley «dC|MTiraL>at, with, howevnr, only negative ratulle. 
Argiung from thiM ahmo, and the Mepu of the argiiDumt 
aru lung and involvnl, Kiiwb-ln itiuaw to the t-oueluaion 
on the priauiplo ur mlativity tluit « «juu5 to 
rt'itiilt* unhtdii we alwindon Urn ether entirely 
Minliiy t'oniM* from Uiv mniHutiion, aAiuming Lorenu's 
■ttber aiwl thv> |>rinHple <»f relativity, that we van iniAtrtiM* 
th4r iiUtrr at re«t with ntsnnet u> nitber owe of two nywteme 
■if ■-<»Hirilin»t'^ moving thrmigli «|kaeo with dim i «'nt 
v.l-Hnii.^, Thin, of itMirse, wouUI l)o ab-Aird. If wo 
, the eil M T, then the el«-truauMcnetk' field 
light b* no longitr u eomlition of a hyp*K 
thftiewl medium, hot njirewntA rather >«oi>*rnt** imagiM 
will uot by llie wKin-e of light. Following thi^ ld«w yet 
a littb? farlhrr, KiiL<tein kIu^wm quite roorlmavdy that 
wbi^O't^r 11 1hn1>- i-mit* rwiliaut eiM'rgy tHpial to /, unit*, 
il lo-M»* thereby in uwk* b> an umuunt L/c\ where f in 
Uie vehMiity of light. This further »tr«igthenH hia feeling 
that liglit i» iwtt a <-owlition of a medium, but rnthce that 
il h totinething tiiat baa aw indep«iulenl an exinlencq' *fl 
has Dial Ut iLnelf. Hut we need not go to sorb highly 
H|H-«'ulatite MHin>(^t. Wi- bnve sitmr romDum Iab*wnUjry 
i'A|H>riini'iiU that noin u» MiflU irnt fwnl fur tboiu^ht. 
Why, for examfile, is the phnUirhwtrin p<tlential iiwle- 
pt-iuh'nt of int^iMil.v? I^rt me illuatmle in n ntamwr, 
whirh, tlwMigb ennlo, will [■ rhap* Ik.- ill\nmiiftUi«. lught 
a rant He ;iml plwe an inMiliiUd sle^tt of uivn, nay ont> 
stqoan* ee<ilimi'-U i r in epowt-jMi-tiuo at a diKtawe- of one 
meter, The xiue utuuim pHM'te-aMy ii^tuiitly a eertain 
p«t<Hi\L- ehxrvo. ilue to (lw liberation of the elortron* 
from its Hitrfnei!. It<>piiit l hi* rxperiinrnt with the win? 
plate behl farther away. Again we g4-t the aaine potential 
011 tbo /.in** plate, although th»< iuu^uxity »1 the light on 
the plate in now itiyh Ilw. If light ipt** out from tlie 
eamlUi in Kpherirai waves, Mirely tin- i uexgy falling <m a 
rirtain anna Iw^onie*! |«iw* anil the further away the 
plat* 1 is held ( aitiplwll, iu hin n«»ent ImkjIc on " MiKleni 
Kh^etriful Thcr»ry." has onb'iilateil ituit with a wmree of 
light iif a given intensity * . .rMin ]diol<n<|eeine potential 
M |*<Mihl Im. antpiiisxl, mi the Imi-Ih of the eh-elnmiagtwlie 
the»>r.v only at the * xpLraiinn of one quiirler of an hour. 
t*«uu»e that time woiihl Ik* ihi i*nnr$ , if the plate wi-re 
jx-rf*«-tly atiMirliiug, l<» ai-'-iiinnlutv enough energy toexjK'l 
the ek^trtOM. him! i lne< give the pbitf tin- potential that 
it gelH in realiiy ulinu*-! iiiMtanily. Now. if light w *»«*iit 
..ut by the eiuidU* in ./. ( J i./.r „r buinlli H. th-n no matter 
Im>w fur away the pU'.e e*. uiihm reiL-um.of eonrw.ll will 
Ih Im-iii* ^r>l"<l uit>i Hi. -, .{,,'intn. Al uny rat.- it will 
eithi~r *|m»w Uh* full pott nlial or ifcoiie, it will not bi|ih| 
op dowly. Agnio wi luoe N-ra.t^ onipniitlng froin the 
blurting or Mo ^mp]img of . Mli'»b ray;t. Tbew; \-raya 
fall on inatti r ti n»l* i prot>er • irv-iiiiisiJiiir-rri. ami eauwn 
tb»-n by tie- emis-.i..fi of ^-eondury ejttbi*de mys, wbi« h 
latUT rny* hiive .-inTgy or i tc kiuim- *mU r .if matfiiilude 
mm tlo.o of the prmiwr> eat »!•«!♦; ray. Sun-ly thin e^iuld 
Hot be if tli«' uuv«'-.e«^M\itiituig the X-ray* >hoiild spread 
• nit uniformly in alt direction^, for tbat would lead to a 
eoiitriMlirtion or ll.t Ltw of eoikoi-rvatjon of «'iergy. It 
eerUtinlv U*>L* lik-- a bouiluu-dnu ot of compact bund lee 



of fiwrgy, and m»t like tlie uniform ttpreadiug out of 
wave*. If we could get a «>urce of light reeMe enough in 
energy it would emit egploeively one or mom quanta at 
a time in random direeuoiw. llkt? the Hlieoting of *tarn 
frum a Human cancbV in the hands uf an extremely ir- 
rwponwble perann. For a bright light, multiply thin 
millioiu of time*. Tltin Kiirely U not tlie pieture n>o*t of 
uk form uf the pausing out of radiant energy. 

let me uk you to form a pieture of tlie 



big matter. It is in eouneelion with thi* special raw 
that Ktnrlein haa exhibiUMl what m-efliiK to me his newt 
brilliant reasoning. Grant that the radiant ewrgy is 
expelled fmm the matter in and an^ume bw the 

onee that the radiation is wutlnuoils. Itiutgtne a uiiall 

the walls. Thin 



of eateium i* thiw avrruid. The new WiseoiiMii exiwri* 
menu. Ie»wever, h*v%- ^hown that though the nuiritiun 
of the mother had a great inflm-w '«i the offspring, the 
Hize in not modtm^l by the libi-rnl supply uf any one 
element. AHIwmgh a high calcium ration, (untaiuiiu; 
over livi' time* as nnHi lime as the standard ration, waa 
ndihMl to the f«il of the mother during the entire p»frio€l 
of gestation, no evidi-n«- wa* gaim*l that the vkeleloii 'rf 
tlte fetu* nan iietrefle«<d in any dimension or in calcium 
content thereby. If «xe can be iiuliteiuvd a* all by the 
quantitative relation <tf the nutni-nt* nu]»phed, )l )* eleiw 
that m»ii> fiwlurv ar* 1 involved and not a wngh* iniikernl 
element. Hiw. r*a>-s Thr Jt*»T%*tt\ nj (he \ f .;rt>ct\n \t«lt. at 
daioi-oUjoii, i« in a very large im a*ure H.xed b> lec-dity. 



pontid to be very Hpame. and a» a reeult of theee irregAjhir 
hlowi it will be moved, just aa in the eve uf the Brow nian 
inttvenwtnt. TTwt rMliatittn pmo-uni <tn the other hand. Ih 
ftupt*>«*1 to be perfeetly eontinuous and npud on both 
atdea of the plate, arf lung « the plate U Htationary. How- 
ever, when the plate inovee, it mu»t, iu ae-eerdanee with 
Dnppler'a Principle, cotperienee a radiation friction which 
causes it to be retarded, but this in turn tends to convert 
the moleeuhur energy Into radiation energy. The result 
will evidently he that all the energy will ultimately be- 
come radiation energy, on in the case of Jeans'* theory, 
while the matter will lose iu heat energy entirely. The 
from this Is to aimume that the radiation hi 



average kineUe energy of vibration of the plate equals 
one third part uf tlie kinetic energy of a muDotomie gaa 
moteeute at this temperature. Continuing the argument, 
Kltuteln arrives at an evprtuwioii for the momentum uf 
the plate which coiuliU of two lerma: one the staiulard 
expreJMion l«wwl on eiMrtrodynamici., and tbe other- term 
baaed oo Flftiwk * energy qvatUum. The ie«md term 
for the ease when the temjw-rature tn 1.700 degrrm and 
the wave length, that of sodium light, in liVOUO.UUU time* 
an great aa the elecEn>dynamie expression; so much larger, 
in fact, that tbe latter ean Im ncgUWcd in e*impon*in 
with the former, ljutlly, quoting from Kiu*teiii: "If we 



Salt 

By (). IUu.« and U. Hrti WJ 

Tlir liy|Ni|ih«<|ibitl- t< ..l.l;iitl.-1 h) a>liliuit II) 
Hioriu mi.l l.» ilmmlum nllrnl.-. Tin- mwdi.h.nn. [in- 
clHtalf llrrt r»nuiil iiillwlifn hi ■ vr..* i.f tin- aeM. 
mid 1* pwhiiiulfit t>>- <-x4i'!t« »( iihiiiiMl iim a Poli>rlri*»4, 
rryiUnllliw iMnvli'ltnK wlilrti. wlwn i)rl«l iivit rali'luoi 
chlnrkli', liua tlm iuiu|Mmlli..:i Zr(tl,r , »,>. In <1in>rt 
kiliillicht III* li)[«,(,h.^.hllr- Iniitnn* ilif|i vlt.U-L Mlrnt- 
Ntlilk' Mmtuiuullvu of tlw Culnml IT>Mllllx MhnUH tut »-vl 
fanm of ArcnnilKwMioll. X. Anon/. I'lia 



w. wi.u to call i 



of patent or trsd«-m«rk work. Oar ulaff is * 
of Buc&anlcal. electrical and c1i#ibIcrI «ip*rta, U»or- 
iwsb!; trmloud Is |ircpar« and prosecute all patent ap- 
liU^Uoaa, Irreapectlre of Ibe coinplpz nature of the 
«ub)oct aia Iter Involved, or of tbe apedaltaed, tectnlcml. 
or adeiiUSc knowledce rtiqiilrvid therefor. 
We also bare aaaoclatea tbrousbout tbe 
Id tbe proaecnttoD of patent al 

In all countries forrlco to the lulled 



lint tlial one knowi tbn avvraioi 
ralue of tbe im«ular varlatiuu in licbt pmwum, whi'ni 
a would bo a nanuwl<Tiif unknown rueaniju;. d. Ii rniininB 
eotar, tben who wwirtd iw huild ap tbe wave tbeury?" 

However, we ••«!! tllilik <rf tlm clix-tninuwui-tii' field u» 
mdlneUnl around Himpilur |Niilll«, jtint iw in tlie eliytnm 
theorv'. thn fli^tm«lntie IU,ld l» built u|>. Wlwii r.Mliiai..n 
e> not Hparm-. Hx> re«nltnnt eonditiuu of the field will Ui 
tbe Mune aa un tin- wave tliwiry, and thiT.t i* nn din.viiiK 
that the wave theory dure *vrk wlmlrnbly for MenM.ntnry 
diaeusHUin of liarlit ]>rohlrmit. 

In eloaiiuc thin |nper Id mr <|iiote. Uiix tiimi from 
rianek: "Tlie (Quantum Tbawry jj ju»t it» well founded, 
or even heller w, than the old eWrudyiiamie*. Duly 
•onie do luit renliiu- the limits of the latter. Yearn and 
t^tia of yean are nei'eB»ry, with nun* oxiKrimmt. He 
who wotild pMlay devote hi.i efTort* to the (Juantimi 
Thrary, mUMl, fur a while, Im* Kut»(ie<l witli the ooiv- 

teiillUJlnM that Un' full de«i lo| lit i>f tlie prv^ nl luUir 

will led In- niu hi-d until 11 biler ir. ie r»liiUi " 

Heredity Vereua Kood in Dcvolnpment 

l-r line Iminuivi' a di.-tuii) anioim llui** im».t intiTvil**!! 
in the nuriuK of enllle Hint "lieivd rather than f<iil" 
deti-rmium the l|llalily and nul|>lll of milk. The food 
uf an aidinal iu»v 1* varied within very wide lunila 
wiUioul alleruw the e»m|a«.ili«n "f ■(> milk, provided 
that the rntinu in KUflieienl In ainnunt. Tlie only eon- 
stlluent wlneh is known lo be altered ir milk by ehaue™ 
in thir fiKid-eupHy ol Ibe mother ia die fat. Tlte <<<im- 
ptwilion of butler may be uffeeted somewhat hy the food 
MtpidUil to tlte row; hut normally little if tiuy inuUMX-e 
<m the ehemieal mak.^up of the milk eau hf produerd 
by wubt vartaluniH in the niinmiil .-.intent irf the rood. 

Thi' <iiKnli<in us Ui what e*1erit. if uny. the atrueture 

Klkd development «rf the uff-Kprilu; eall Im- nffuMeil by the 
eharai:1er of the iniitiTnul diet Uv nouutwliul aiuiluuuUH to 
tljlt whleb eoneorun the |n>uilde alKtmtioiti in Ibe milk 
priHluii'd by tlwi mother. Au idea eurrent anuing ealth- 
ruiwrs in that a high miiuTuI eontenl in the Hilton a'lll 
eaune rxNivuve lame formation ill the I 
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It hiu. lai n n-iiuirkixl that 
are diiiiKieiMl< " The i|ueNl>olu< rnitasl ill the foreitoitiK 
dimruwniii eunliot well be t4#t«^l by e\|>i'htiu'iit on buitiau 
lailiir»: but the effeet whii-h il hinh liine-iiuaki- by the 
ni.,H.. r nitiy have on the ikeletal development of the off- 

*phlUT ItAH Im'i it Mllij»*'lt<l to ex|a*rimi'tjl ill the domicile 
aninuil«. Sinee irruiipi ari' d.rii-uut in eak-iuin. farm 
rations tnaib' up wholly of lle'ni will not supply to grow- 
iin: aninval" a xuflW-ient amount u( tliin oletuenc Kir thix 
roaeMm, Krowiiur or bnv^liuit saine fed entirely on Krain, 
aluHild reeeivi! an wblltloual *Mp|"ly of t-aUMiim. either a> 
eali-ium i-arladiate or eidfium |iho!<|diate or ill leifutninoua 
bay. Auy draiu on the or^auiatu with ,xiu?*ei|uenl Ums 
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THE STEAMSHIP ■ VATEHLAND S - ENGINES 



Thr mnrhinrry nf thr *(< nm»hi)i "Vatrrlnnil," the targe»t in thr irmtil, i* miml ptnrrrfnl MNM* inxlntlrtl un «/w;<>i-«rri/. TAr /i«fi 

in /tru/n lint by four rnnrmun* m-rririt tlrirrn by great turbinr*. In thr ninimfmnging illn*tnitinn unr nf fA<' fnriranl rut urn nf thr "Yatrr- 
IiihiI" b nhmrn Ann;/ lutrrrtii into pwitiim. Thr group of irorktnrn murrnnniting it i* fffffttpMfffy iltrarfnl by thr mtur, trhich mratuim IT j 
/rr/ i« length nntt 17 fret in itinmrtrr. Thr "Yatri ianit" i» a *i*lrr *hip nf the famou* " I i»i>i-ralnr," An* H H' JW I Mtl Arr ill rrery ilimi nnitni, 
mrn*uriny .'Of; (<t r in length, 100 feet in hewn. anil ha* ~iS,MM tun* hurilen. The " I mftrrntai ," ir/r* a length nf HIU feet, a brum of H /r<f, unJ 
« tunnugi nt M.'mti, is. in linn, 'i.tHHI tun* hirgn than any other iihip nfiimt. A tint, I *hip i* now buitiling. 
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The Chances of Death and the Ministry of Health* 

Some Lessons Taught by Vital Statistics 



Tim srlehtlbc study of death I* called thauatology. 
and. us will by the late Roawell l"ark. who coined |1|.< 
term, II Is ti much neglected subject. The I tout txsslero 
Ireutlse on Ibe subject la by Charles S. Mluot, puh. 
Ilshed under the llilc "The Problem of Age, Orowth. 
and Heath." In tbe Science Series of ISO*. ThlB I* a 
study of cyiomocphoias, in the conception that dcnlb I* 
* function of age lu It h relation lu the cellular changi* 
of thr body. Jtuit hk no our ha* a* yet succeeded In 
providing nu entirely Niilsradory definition of life. «i 
slsu there la no condse description or brief generalisa- 
tion of Uie terms "death" anil "disease.'' Wc are not 
able to give an answer to the question na to how life 
originated, and II I* quite probabk! that ib« riddles of 
life and death will prove continuous with tba duration 
of human existence on the earth. 

Thr conception of itratb In moitrrn llfr a« a mutter 
of pure chance bos no doubt lost much of Ita earlier 
slgnlBcaiu-c The abject trrror and tbr blluil n<- 
qaleefence common to periods of history when epidemic 
diseases destroyed vaat Dumbcni of Uvn wllblu an In- 
credibly short period of time have given way to an 
luereaslng faith aud certainty In tbe prolongation of 
human existence and the normal attainment of at leujd 
tbe Scriptural period of threescore yean and ten. It 
la qulto dlfnctilt for tbe modern mind to visualize rffee- 
tlvrly tbe terrible experiences passed Ihmugb by tlw 
people of tbla country In tlic hint years of tbe eigh- 
teenth century, when yellow fever prevailed na far 
north aa noaton. New Tork. and Philadelphia, or even 
In tbe middle of the nineteenth century, whoti the aame 
dread disease devastated time aud attain the larger 
dtles of the lower South. Cholera prevailed to the 
extent of an alarming epidemic. In tbe city of New York 
In 1S49, an* aa late aa 1906 yrUow fever paralyzed tbe 

to the bomea of many, from Itie throne of an arch 
bisbop to tbe hovel of the, poor. It wrould-seTva no pur- 
pose to review on tblB occasion tha aanltary btstory of 
the nation or to comment on the. frightful waste of 
btunan life Incident to tbe epidemic* which In tbe pant 
bare devastated tbla land, hindered Its material prog- 
' and oBtclton In tbe home* of 
Nor would it serve much of a pur- 
all the history of the Buck Ileafh of the 
century, which, lu all probability, was the 
moat deadly pwrtileneo In the blatory of manktmL 
Rather than, In the words, of rleeker, the historian of 
tbe II lack Death, "That Oronl|x>tence, which haa calletl 
the world with all Ita living creatures Into one ani- 
mated being, especially revcala Himself In the draola 



Ignorance and human ltiaifrrrence. In contract to real- 
Laed Intelligence and aanltary control. Rather tlian it 
being true, again In the words of llocker, that "Nature 
la not aattafled with tbe ordinary alteratlona of life and 
death, 1 * and that pestilence and plague are revolution* 
"performed In vaat rye!", which tbe spirit of man. 
limited, aa it 1*. to a narrow circle of perception, Is on- 
able to explore," la the modem and tucootroverllblr 
tact that these recurrences, ao characteristic of the paat 
history of mankind, can be and are made Impossible by 
a more rational mode of life, considered Individually, 
and In tbe aggregate aub)oct to Intelligent acquiescence 
in tbe eatabllahed truth of aanltary acinic* and sanl 
la ry control. 

We are no longer seriously concerned with the nos- 
alble Hak of nation-wide epidemics, which are effec- 
tively guarded agalnat by a national health service pro- 
tecting the people agalnat the Introduction of. plague 
aud pestilence from abroad. Modern preventive* medi- 
cine concerns Itself chiefly with the spread of lew de- 
structive transmissible diseases, which still In the ag- 



lly Frederick 1,. HotfniHii, LL.I). 

lug L-iotgtl. lualsriul fever, etc. Sonic of thrs< k dh«eai*eti 
are «-ontrolled t>.v vncrliwllon or protective lunrulathm, 
as best illustrated In tbe marvelous results of typhoid 
fever prophylaxis In the I'nlted Htatea Army, by means 
of which tbe rule of frequency occurreiRT has been 
to a negligible quantity. Many of 



i life. The hygiene of iraiismle- 
alblr discs ses. their caosatlou, modes of dissemination, 
and methods of prevention, constitutes; a branch of sci- 
ence than wblcb none has yielded results of greater 
benefit to mankind. Cither tbe causation of socta dis- 
eases or the mod* of their spread from one person to 
another Is now reasonably well understood, and tbe 
factors of transmission are controlled to a detrree which 
falls little short of I be miraculous. Most of the so- 
called preventable disease* are diminishing In freiturury 
In dvlllxMl countries, chiefly smallpox, typhoid fever. 
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they are so complex In their relation to the human en 
vlroument aud the habits and customs of tbe human 
Individual, that many years will pass before the death 
ratn will be strictly normal, and one. on being born, 
will liavc a fair rbauce of allauilng lb* maximum dura- 
tion of life. But the future outlook for 
is most encouraging, and there can be uo iiueslion of 
doubt but that during the next generation a sllll fur 
ther material mlnctbin In the general death rote will 
Is' iichleved. 

Tilt 1IHVSX roKVBOI. A^U TFIB UWTI1 S*m 

Tbe dlscoiery of a great truth serves nu real pur 
IMisc nnless tbe new knowledge la realised In conduct 
iiimI used In tbe solution of the problems of society. 
The realization of ihr Ideal In health administration 
require* the Intelligent, •yni|*ithe!lr. aud effective oj 
of all the various Interests affoctrd. Tbe 
of responsibility for a high death rate falls, hot 
on tbe medical profession, but largely ui>on the public 
HsiUf. since the problems of sanitary control are largely 
and fundamentally a matter of Uovemment su|H.Tvbdan 
and concern. Tbe restsmslblllty for life waste Is one 
of luerllrieiit citizenship, on tbe one liswL and of biefli 
deut lea deed lip and direction, on tlic other. The duty 
of direction and control I* Individual as well as social, 
and concerns the ministry of the spirit as much aa It 
does the ministry of the hody, Hut the truth has come 
like a startling revelation to Intelligent mankind, thut 
pestilence, and ewct tbr common diseases of human life, 
nre largely- because of gross neglect, grists Indifference, 
filth. Ignoruuce. and unwarrantable delay In beedlng 
the earliest symptoms of maladjustment In tbe human 
econooiy or tbe need of repair In Ihc human machine. 
1'robktma of llfo and bisillh arc. therefore, matters of 
uioxt serious concern to (he clergy as well as to tli.- 
physldun, to the teacher na well as to the sanitary of- 
ficer, and, lu fact, lu no relation of life Is the Biblical 
doctrine that we nre all nor bioiber's keeper onoiv 
beautifully Illustrated tbau lu the chances of death and 
Ihc ministry of health. Rigid conformity to the truth 
«f the causation of tuberculosis, of the spread of dlph 
therla by personal Infection, of thr contraction of 
smallpox by neglect of vaccination, of deaths from yel- 
low fever because of contempt for the elcgomytn mos- 
quito, all |irovp the Infinite possibilities of reullzlng 
life's larger purposes by the intelligent prevention of 
Its needleas waste. Instruction of mothers In the by- 
gleiM? of Infancy- will effectively aid in solving the ques- 
tion ns to whether tbe child will live and grow in 
strength of body and mind, just us rigid conformity to 
established principles of aafcty will prelect tbe lives of 
paneengera on laud aud sea. It lai largely a question, 
first, of knowledge, then, of understanding, and. flnall) . 
of unswerving fidelity to tbe principles of truth as ap- 
plicable to human conduct for the pun"*"** of humnh 
betterment. 

tii a incsum is Tna nusA-nori or i.irx 
The Kcsetit annual death rate of the Uiiltad fttntr* 
Is ouly 13.0 per U*«>, against a rate of l«.*l In le*o 
The saving In y..«r* of life In cutiHe>|uence~ of a declin- 
ing death rate ix so eoonnou. for a vast country like 
ours that the true luoanlug of statistical calculations 
can hardly be made Intelligible to the average mind. 
Honnee or later everyone must die, but tbe question la 
one of bow long, on tbe average, each life can Ih> made 
to last, when a gulf greater than tbe Atlantic or the 
l-adflc separate!, the people who lu one section live to 
an average age of «, and In another to flu Life tables 
Illustrate with scleutlAc precision natural law aa ap- 
plied to the tenure of man's existence on earth, but 
what la called tbe law of mortality Is rather a symbolic 
expression of the law which governs all collective phe- 
nomena In the order of logical sequence, without which 
human existence, and In fact all 
cbuos. A study of mortality problems 
eurabrfy than many another branch of wiener the mar 
iota of life in the aggregate as conditioned by the more 
or less isrfect eo-ordlnatlon of tbe units, whether 
merely physically considered, or also In the broader 
*en»e of tbe psychological, moral, and spiritual. The 



number of varluuts, und even tbe wisest fall In the ut 
tempt to comprehend lite whole. The diseases wblcb 
afflict mankind are uumermis, but most of the waste of 
life Is due to it cotuiaratlvcly small number of causes, 
cblelly. in our owu country', tuberculosis of thr lungs, 
iicoimutuig for l».l |wt rent of the whole; i 
ease* of tbe beiirt, accounting for 10.U per 
nephritis anil llrlght's disease, accounting for 7.4 per 
cent; pneumonia, uccotuitlug for 8.1 per cent; and can- 
cer, uccouutijig for 5.0 per cvuL These six causes alone 
urn rrsqiuudblo for ipvs per cent of the entire mortal- 
ity. Other diseases, now largely under control, but 
Intrinsically as serious a menace to community life as 
nny of tboee mentioned, are lypbold fever, smallpox, 
measles, scarlrt fever, whooping cough, diphtheria, etc. 
The typhoid doatb rate, which Is tjplcul of sanitary 
progress or neglect, has declined In American cities 
from an avrrsge of Si per 100.000 of puiwhition dur 
lug tbe decade ending with 1S02 to 29, or Just about 
our half, dnrtng the decade ending with 1D12; but our 
typhoid fever rate U still excessive, and no cause of 
death perhalM t! hurt rates I 
of still existing 
foe of mankind for ages, baa, during the last genera 
lion, been brought wltbln the range of binuan control, 
with a fair prospect that within a measurable period of 
lime Its ravages will be reduced still more than has 
lieen tbe case in the recent past Tbe tuberculoids 



with was S18 per 1M.O0O of population, but the 
rate during the last decade was ouly 1S2. Within toorv 
recent years the mortality from smallpox has been re- 
duced from an average of 3.4 during thr five years 
ending with 1UO0 to a rate of only Out, or about ouo 
tenth of the earlier rate, during the year 1912. The 



therla and croup, has been reduced from no avenge if 
'J9.6 daring tlir live years ending with loro io is.a dur- 
ing the year 11*12. We bave nu deaths from Asiatic 
cholera, nor from plague, except ut quarantine stalbau 
subject to Federal control; diner they are Isolated or 
Ihrir Introduction Into tbla country Is practically made 
lmisisslble by means of a national health administra- 
tion which challenges the admiration of tbo world. Yel- 
Unv fever is no longer the foe of Southern 
we bare bad practically no deaths frai 
since 1IKIC. Of leprosy we hare a few cases annually, 
lull exceiitiug I be well known leper settlements In 
iMmlslana, Ibere la slight danger to tbe countrv of u 
recrudescence of thU perhaps most awful afHlrtlon of 



But with the pa-odiig or control of the I 
have become common knowledge, new ailments nnd af 
llldlons cause new problems of serious Importance, be 
twuse tbe conditions of spread are dtlter entirely 
unluuiw-n or but Imperfectly understood. Intluenia Is 
one of these diseases, which, within receut ycurs. ap- 
peured for the first time as a national scourge In 1891. 
cnuslng, directly or Indirectly, an enormous loss of life, 
aud the disease bus since prevailed to a more or lests 
extent, either as an Immediate cause of death by Itself, 
or as a cause or condition complicating other assesses. 
Pellagra may be mentioned In tbla connection aa one of 
the new diseases in this country, the nature and treat- 
ment of which nre as yet rather doubtful, but the com- 
bined efforts of tbo federal and Stats governments, 
u.-ide from the aroosod Interest of the medical profu- 
sion, are at work to determine the methods of control. 
The word "control, 1- perhaps better than tbe word "pre- 
vention," gives expression to tbe human effort In tbe 
struggle of mankind against disease and early death. 
No affliction of mankind to-day demands more serious 
consideration as a world menace than cancer, which has 



and in the United States approximately at the rate of 
23 per cent during the lust decade. Cancer, or ma Ile- 
us ut disease, la one of the most mysterious aJaUetlona, 
and It la doubtful whether It will ever be traced to a 
single cause; It Is more likely that It has Its origin In 
a combination of onuses and conditioning drcunistaoceit 
largely beyond the penrtrntlng Intelligence aided by tbe 
most powerfnl ln«trvimeiils of research. Tbe prresjot 
-ilullon of the cancer problem Is largely one of early 
dlsgnisils and the earliest possible surgical treatment. 
Just as lu fire-fighting the problem of conflagration pre- 
vruliiiii Is one of effldeiit uisparatos, almost Inaaxuita- 
neous notification and prompt resiionse to 
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i tif life, disease, and death are endless 
The duty of applied Intelligence In dealing with ques- 
tions at preventable life loaa ami preventable disease la 
now ao obvious on the pert of every dtlson, and DMMt 
or all uu the part of tbe leaden of community life in 
matters material, moral, Intellectual, or spiritual, that 



sorrowful phase of 
murder or self-murder, (o Insanity and degeneracy, or 
the deliberate Iniisilrmeut, by wrongful conduct, of the 
physical and mental faculties, with resulting patholog- 
ical conaequencee and early death, or decrepit old afe. 
Tbe suicide rate of Americau cities hoa Increased from 

during tbTdecade coding with 1802 to alrou-t 20 dur- 
lug the drcadu ending vrith 1912. More persons die 
from murder and self-murder In thla country every 
year than from either typhoid fever or diphtheria and 
croup, The nnnual loaa of life on account of suicide In 
the lulled Slates may be conservatively placed at 
1.1.000. and too average age of tboae unfmtunatca la 
approximately tweuly years leas than that In deaths 

Ida has at all time- 
of mora lists and of spiritual 
leaders, but considering the aw fulness of the crime of 
self-murder against Ood and man, it Is a reflection upon 
our InfjeJllgence. our morality, and our conceptions of 
religious duty that so little should be beard Id protest 
against this, perhaps tbe moat sad and sorrowful phase 
of human life. The defense of suicide among the Stoics 
never gained ground among cMllied peoples, but there 
1ms grown up a toleration and indifference, than which 
there Is hardly anything more deplorable In our present- 
day period of what we are pleased to speak of as eivill 
aatlon. It has very beautifully been observed In this 
connection by a writer on self-murder, over two hun- 
• tb, end of human life 
my be concerning it ; It 
Is not tbe destroying It; slnco nothing can hare bring 
given to It only in order Co be not being." There la no 
more flltiug subject for religious discourse than the 
sanctity of human life, tbe Inviolability of tbe human 
person, tbe duty of facing life's problems with courage, 
and the ministry of suffering and sorrow aa a means 
toward a more perfect spiritual attainment. There Is 
nothing more deplorable In America than the contempt 
for life, as made evident by the waste of 15,000 lives 
through self-murder, and. In addition thereto, more 
than 0,000 lives ended ouch year by tbe murderous ac- 
tional of others. The phenomena of murder and self- 
murder emphasize the practical value of a thorough 
understanding on the part at least of all those who are 
in morality and religion of the 
of low in the civil sense of tbe 

ercd, of unsoundness of mind, and the border land of 



uoosi. swsirtcAXiw or Ltrg ntTitxeioK. 
lu other word*, the conservation of human life and 
health, or, as said by I'rof. Irving rusher, the problem 
■ •r life extension, b> nut only of economic, but also of 
great moral significance. The perfection of hnmun 
i hit meter Is, partly at least, conditioned by tbe maxi- 
mum attainable duration of life, and old sge 1* as es- 
sential to human development, moral and spiritual, as 
I* tbe secular and religious cducstluu of youth. 
scoxoMtc A«rw-rs or mscask 
Prolonged sickness, considered from this point of 
view, is frpojuently the cause of human failure, and 
premature death often terminates needlessly a most 
promising life. Sic knew from preventable diseases is 
largely tbe result of aortal or Individual Indifference 
the civilised world the 1m- 

recognlxed, and U 

being locally applied, with Increasing evidence of 
Octal results. 

*co.cism> co-orxuTtox roa social ooirreoi. 
The co-operation of the church baa for some years 
been siiccesafnlly eniUtrd In the nation-wide effort In 
behalf of the ministry of health. It has become tbe 
custom on the part of the churches to set asMe at least 
one or two Sundays a year for emphasizing the impor- 
tance of some great public health question, particularly, 
on the one hand, tbe Deed of adequate support for 
hospitals and other Institutions of aid and relief, and, 
OB tbe other, tbe urgency of financial and personal 
co-operation In the light against tulicrculneta. It would 
not seem to be going too far, therefore, to suggest that 
this principle of active co operation should be extended 

but Incidental, discourse ou other lamentable phases of 
human life, particularly, o* previously said, the sorrow- 
ful and wholly Irreligious indifference to tbe sanctity 
of human life, aa evidenced In tbe ' 




This view can be carried further and 
apply to the unborn generations, or the sanctity of 
marriage as an Institution primarily established for the 
preservation of the family and the continuity of the 
sfiecies. It can no longer be questioned that a vast 
amount of wrongful conduct underlies tbe persistent 
and considerable decline In the birth rate, and It can 
also not bo questioned that a considerable portion of 
Is but lite destruction, or murder under 
Ignorance, however, fa) the cause of far 
more waste of child life than deliberate crime, and the 
still eiiormiNi* mortality of Infants forcibly siiggests 
the necessity for radical changes lu the education of 

to marriage and 
Ont of every 1.000 persons born, approxi- 
mately in die during tbe first year of life, largely be- 
cause of tbe gross and Inexcusable Ignorance of mothers 
whose training In the essentials of motherhood was 
unhappily neglected. Rut much of thla low of life Is 
tbn result of sanitary liutftVlenry. of a polluted milk 
supply, on the one band, nod not infrequently of medi- 
cal Incompetence, on the other. 

Tit K MI3UBTST OF THE T18IT1K.0 Ml'SaX. 

One of the must efficient slda In tbe campaign against 
Infant mortality Is tbe visiting nurse, attainting the 
young mother In the proper cure of the child, and pro- 
viding the required skilful assistance at a period than 
which there Is none other so trying la a woman's life. 
The visiting-nurse movement Is entitled to tbe most 
hearty mornl end financial support, for the results of 
an efficient public nursing service benefit tbe children 
ss well as the aged, and threw Buffering from slight 
slluictiis a* well as those suffering from serious afflic- 
tion*. 

isoej.ens ur child cjuul 
X<i subject appeal* more powerfully to tlie sympathies 
of mankind of every degree than the physical Miffrrings 
of Utile children born with permanent defects In bod) 
or mind, anil for all tbe years of their existence more 
or leas a burden to society. No Institution serves a 
mora humane imrpose than tbe orthopedic l*».pl I a I. 
where tike affliction* of tlie cungenltally deformed, by 
means of skilful surgery, are reduced to a ailulmnm of 
physical suffering and libyslcal lnconHHrtcncc ; where. 
In fact, the lame are frequently made to walk. Just as 
In the cormqnnding Institutions for the blind, the deaf, 
and the dumb, the defects of Nature are partly made 
good by the skill of maiL 'The Institutional phase of 
modern life Is one of Increasing Importance, for tbe 
limitations of the homo frequently preclude adequata 
treatment and care under tbe la-st isaadblo conditions. 
The natural reluctance of parents to part with their 
children or of families to submit to the seclusion of a 
much beloved member lu an Institution for tbe treat- 
ment or cure of some mental or physical defect requires 
the strongest moral and spiritual support from those 
who are In the best position to give advice and lend n 
hand. In all such cases a reasonably thorough under- 
xtandlng of the fundamental facts of human life, the 
chances of death, the rate of disease frequency, the poo 
stbilltlea of cure, all combine to further the higher pur 
poses of society, ami bring about gradually. In however 
small a degree, the much required improvement In the 
nuder which we live. 




alcoholism Ago It.tarr-roey rnu tsxuea. 
I'erbapa no isroblcm of modern life Is more serious lu 
Its mornl and economic slimllleanre than alcoholism 
and the use of habit-forming drugs. If there la any one 
lesson taught by modern research Into tbe biological 
laws which govern age. growth, and death, It la that 
the human organism cannot be abused or misused with 
out tbe risk of most serious consequences ami the prac- 
tical certainty of physical impairment and premature 
The evidence Is entirely cunclusare that over- 
la a fruitful cause of 
habit forming drugs. 
Including tbe misuse of tobacco, often and needlessly 
change a hopeful career Into a hopeless human wreck. 
The moat salutary Influence Is exercised by these who, 
fay their own example, emphasise the value of right liv- 
ing; but this conclusion applies not only to moderation 
In tbe use of In toxics ting drink, and much of what goes 
with It, but also to persons 1 abuse or lack of restraint 
of every other kind, especially tbe penddous habit of 
overeating, than which there Is probably no more fruit- 
fill cause of bodily misery and premature physical tle- 
creptltude- It has been conclusively shown that these 
who are overweight live shorter Uvea and are more 
liable to diseases possibly Including one of the worst 
of human afflictions, that U, cancer — than do those wbo 
live abstemious Uvea, are careful In their diet and ex- 
erclae restraint. The latter not only live longer, but. 
Is the sum total of their years, enjoy a larger share of 
wellbeiug than those wbo live contrarily to the obvious 
laws which govern the duration of the span of life 



mnit necessarily makes for a prolongation of life. 8uuh 
prolongation of life la of variable value, according to 
the age period affected, and while humanely most ob- 
vious In Infancy ami early youth, It fat rcoDonilcally 
nnsrl useful during the productive period of life, and 
si the approach of nut 
upon the problems of 
Immortality, and possibly bodily survival after death, 
an Imperative duty, tbe discharge of wblcb can no 
longer be relegated to a future which, with certainty, 
we know Is not to be. 'l*be utilisation of old age, 
whether ecouumtc, social, or spiritual. Is one of the 
most oogUvtod phases of modern life. The i 
Its origin In the fact that In past generatlout 
so small a proportion born attained to real old age 
that, as a practical question, the matter received only 
academic oobslderatloo. With the lowering of tbe 
death rate and the increasing average duration and 
tbe necessarily larger proportion of peraoua living Into 
the third generation, tbla problem of old age and Its 
proper utilization Is, from many points of view, one ot 
the most Important of the tim< 
be discussed here further, but It Is , 
pointed out Its practical Importance to the i 
well as to tbe State. 

7HK I'SOJILfclt kXSTATUI. 

Tbe present population of the L'nltcd States Is not 
tar from 100.000XWO. The number of persons of both 
sexes, sges 70 and over. In 1910 wss 2*70|*il. Ac- 
cording to tbe latest English life tables, out of every 
million bum 277,351, or 27.7 per cent, may normally 
expect to reach the age of threescore and ten. In the 
I'ulled States the watumi number of births Is about 
2/*10,000, and tbe annual number of deaths Is about 
1J5M.000. ot those who died during 1912. a|*jiroxl< 
matrly Slcyasj, or 17.0 per cent, I 
year, and 329,-ioO, or -'4.4 per cw 
five years. 

Tbe principal causes of death, in the order of their 
numerical Importance and the approximate annual mor- 
tality therefrom are as follows: llrst, tuberculosis, 
which affects every period of life ami causes lil the 
liK'vgate about 1M.UU0 deaths; second, heart diseases, 
also affecting every period of life, but cblcny ogee over 
JO, causing a mortality of about 130,000 ; third, nervous 
diseases, which account fur about 188,000 deaths; 
fourth, pneumonia tall forms), about 132,000; tilth, in 
testlnal diseases, about 123,000; and, sixth, genito- 
urinary diseases, about 111,000, Following these six, 
In the order of Importance, are accidents, causing about 
l&l.uOO deaths ; and tumors, malignant and benign, 
about 76,UOO. These eight groups of causes combined 
account for about 72 per cent of tbe aggregate mortal- 
ity of tbe United states, which, aa previously stated, 
U approximately l,;t»>,0U0 per anuum. Other Impor- 
tant causes are typhoid fever, the mortality from which 
la about 20.000 per annum ; suicides, numbering up. 
proximately lO/JOO; deaths from lairtnrltion, about 
15.000; and homicides, of whk-b tlwre are from six to 
seven thousand. 

tbe normal mortality of a 



trullable mortality conditions, such, for llluvtratluu, as 
continue to affect a great cuuntry like India, even at 
the present time. The death rate of tbe registration 
niea of the Culled Mutes during 1912 was only 13.9 
per 1,000, against a death rate of Si for llrlllah India. 
Of the 7,500,000 deaths, In round numbers, during tlie 
year 1111 1. 354.000 were caused by cholera, 08,000 by 
smallpox. 788,000 by plague, and 4J00.00O by fevers. 
Most of these causes arc no longer an affliction of mod- 
ern civilised countries, and they are fortunately 
brought slowly under control In the Indian Empire, 
where the death rata boa gradually been reduced tram 
extraordinary proportions to a rate not much above the 
normal for the large cities of this country fifty years 

tary progress la to be found In tbe reduction of tlie 
death rate of the European army during recent years. 
Military discipline and conformity to sanitary rules autl 
regulations, uu doubt, largely account for thla reduc- 
tion, which has been of immeasurable be ne lit, not only 
to the European, but also to the native population 

The Stackhouse Antarctic Expedition now expects 
to sail from England August 1st, 1914. In Copt. Scott's 
old ship, the "Discovery. - The start will probably be 
uiade from Loudou Bridge, so as to enable the public 
to witness tlie departure and give the explorers a 
hearty scud-off. lusldcs tbe otDcera and crew of the 
ship, numbering 25, there will be about Ave scleotllle 
men attached to the expedition. I.leut. A. E. Ilurbonl, 
K. N . will be lu command uf the "Klsoovcry." The 
scientific staff is to Include two noblemen, Lord Oouglc- 
ton, wbo goes as surveyor, and the master of Semplll. 
All II 
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The Preservation of Wood — I" 

A Synopsis of the Principal Processes in Use To-day 

By A. J. WnllU-Tayler 



urnKiDi-cnoN. 

Tfir. value of wood preservation fa now thoroughly 
ii . i<giilied, itiwl Its Importance Id the Industrial world 
Ih rapidly Increasing. Tbe advancing coat of lomtsf 
has brought 1m Hue to the consumer tbe fuel that tbe 
only poaallde offset to thia cbhat>Cod owt Is the Um* of 
preservative hh'UhhU to prevent, or rather to retard, 
decay : and thus nut only to lengthen tbe life of the 
u-oud lu all Its forms, but also tu widen tbe Held by 
hrhuthn; Into use a number «f (mi valuable «Hw of 

llDllNT. 

In Ibe I nlted Stale*, wbere, a comparatively few 
yvwrs ii p«. I he Mti|»i>1> nf limber seemed all but Inex- 
haustible, the amount of lumber now available hardly 
nintlx tbe ever lucrea*iuic demand lu a satisfactory 
manner Till* in due tu cn rebus lumtartng, to failure 
to rcplaul denuded amis, atid lu tbe euormoun waste 
mused by foretrf lire*. Tlww remarks are also more <<r 
less applicable to id her timber countries. 

thjiee divested of life, vegetable sulwtaiiee*, lu con- 
junction with aulBinl substam'es. are Ibible lo decay. 
Hutliv binds «tf wissl are tuorc »|>t In deteriorate rupldl} 
t Lit n other*, hut all wood*, under certain conditions, 
I st one* deprived of tbe tibron* textures, mid thus hise 
their pnupcr ties. 

\X***\ coiwdal* e»*eiitlftlly of rowrlit and cells, the 
only solid parts beiuic tbe coats which form tbeni- In 
ih»-w veaacts la tbe aap, the clrculathio of which 
through tbe tree U the source uf Us existence. On tbe 
denth nf tbe tree, however, tin- nap lo tbe wood la liable 
to muw vetcetuble dtH.*ouj position through tbe process of 
fermentation. Tbe fart that putrefactive ferment n- 
l I<ki, and tbe sutawguetit decomposition of rega- 
luble mutter, are due tu albumen, wax discovered by 
Kyau. the Inveutor of tbe "kyanlidnf" procee* of pre- 
serving wmA 

Tlie most common causes of decay are tbe presence 
of sap and being subjected lo ullemallllg conditions of 
uctiirs* and dry new, or tu a combination nf molalure, 
hmt. and ahaence of veiilllaUuiL 

Two kinds ■ if deetiy are distinguished "wet rut" and 
"dry or MP rut." Tbe furuier. which ma) trcur while 
the tree I* standing, t ii li4«*. plain* where the m>e* 
evolved, prlucLpally i-arhoulc arid and liydnvett, can 
eaCS|W tbe IMwuew of tlw woxmI, the Mppy |HirtlooN eape- 
riiilly he«<ooiluK denimpottt*d. Tbe hitter, wbleb takea 
place otdy lu dead wimmI, «wvnin« In eociriiinl plat-i^, 
where the icasea eiolved. flndlntt It I ml toted bit* tu rvca|H*. 
t-iiter Into new etiaibliuttlona and produce fun^l. whlcb 
derive tbelr tiunrlnbnieiit from, ami thus dewlruy, tbe 
Mitoil. The folbiwlux lllUMtruilniuk reprodiieetl fnuti 
Allbl'ba liner* Bulletin Nu. n:fti, Jnly, 1900. »b»w In 
KU. 1 a wood-deairoylns fnna^iM tt^eiittuiM l^ddoHr on 
ii red Or (deeper In South I»akuttt. and lu Kl»r. 2 the 
Xrowih of dcitinictlTe fiingiiM <m an uutreiiled white o«li 
•ileeper. 

By felling the timber at tlw ]»ra|ier <-e*w>n, and at the 
iDtwt suitable afe, tbe tendency to decay nu be *hhim> 
what reduced. Kor dimtmrtUia due ba tbe raviiKen of 
Imiecta tbe only reniedy la trealmeut wllb some pro 
w-ntlve iiitenl. ¥\ps. H and I nhow two untreated i«k 
(dlett di^truyeil by like teredo uavallrt, Ibe latter a i->r 
tMi i»f « I'll* after mil.v two JNMfaf aWfftOft 

The lower fonua of ft nl null and teiteUble life, that is* 
lo my luielerin, fniiffl. or aporew, aaidateil by beat, air, 
and nioUlure, inter tbe wood celh* a ltd ile^lroy Km* 
wimm! thdaie, and a* ilu^e di-wimetlve elements are al- 
wu)» priHient and ready lo attack oncnulc mailer, It 
lM-o>lue« t«M*eHMnr,v Imtb to <le«troy tlu'iti and bj render 
i he wood Impervious to tbeoi, hj the Injeetinii of aouie 
antlHepth* or pidtMin lu Ihjuld form. 

Tbe (inu'etiiM'* fur Ibe prem-ri itllMI »if I hotter frum 
decay, and frum deMroctlon Ihroiitfh tlw bnrlux ef In- 
feDCta, may Im* clattnlueil under three heading*. I k rylnic 
arllrb-Uill) and hertuclM'iil prolei'tlon from nmlact with 
the atinoepbere L» ooillniE tbe K.irfiKv wllb palrit ; the 
ethiiliMlhui <>f the Map of the b> dllutl>-u or 

Mlporiuithill : tin' .tii| -..i Hi i of Ibe UimhI wllh Hour 

untpfptle clieiuU-al itutt*-tuiMi* n bleb will form an 
hiMiluble rofti|Miiind with Ibeorsnnlc unit tern In the sap. 

Tbe tlr»i iiimI af*Maa of Ibe nlmvr oiet IwmIh are only 
vahutble wlure tbe ihulter U eiMii|«rntliel> tblu, la mi 
placed ax lo t*c reudll> arwwlble. and In not lo contact 
wllb the Kroumt AH thlnl l« tike iuom lm|M.rNinl, mid 
It U • • i • ' • ' I bi deul chletly with prucr**ew -n. 1 1. 
b-r tbltt limit, 

• i- r r. k.t laibaa n.. n.ui W at wl f af .ou NtM i aawJWawl 

tk l|< f»*tnnl 



kari-Y niHToav or tiik akt or wouii rajtanvATloM. 
Tlie art of wmal prow nation I* prunahl) «me nf very 
srent aulbpitt.v. and bi brllevit] to liave la«e« prartl.teO 
by tbe undent K<)|dlaiiN, wootleb cofllue used by them, 
exttmnted to be at tbe very' Intat yeara old. lukv- 

Iujt taxii found in ituod preaervatton. Wooden dowet- 
phkft were aim) employed In tbe mono work uf tbe ancient 
Kcypiuiu temples tlte uice of wbb*b la undoubtedl) over 
4.INH yMirx 'MwtMe bitter are probably tbe oldeni pUii*^ 
of wtMHl eslttttnte In the world at Ibe present lime, anil 



1.— Wo 



I destroy injt funftna (Lentinua I.epi- 
4m») on Ar tie. 



are thought lo have been inured wllb «ome jKre^rra 
tlve afeut. proluibly bltuiueu. 

Amuun :l " jdoneer lnveruleatura Into tbe mihjcct of 
preaervatlve agenta wan Joliaiiu Ulauber. of t'urltduid. 
*!ermaiiy. a ivlebmted HiemUl In bbi day. Ohiiilier'M 
exptirliueiibn WPfQ made aloml 1*157. and bla |»nce» 4tm 
Kutttil lu Una twrtHHilxluir the wood under Ibe net ton of 
lire, then emittnit the Hirfitce with tar, and anln«ei|uently 
lmuiendnx tlw- wi*al *i treat oil In pynillf^ieoUM arid or 
crude acetic achl. 

Since tbe dole of (ilaiihorV evp«-rliuefita, nnmernua 
pruoi-^xoh for Ibe prwrvittluii uf Yioud luive ta*en de- 
vl-wd. many of wbh-b would doubt I*-** be efhVlein f-ir 
the purfMiae, tbe outy nueatkuu belns the commercial one 
ua to tbe laMalblllty of eeonoiuteal appllcnlton. Tbe 
earlier PmMUntur-. however, wbuw pruvTvaea jrnve the 
mast aatUfmtury result*, wen- thta»e wbo carried oiil 
tbelr eX|a*rlmenta hi tbe decnile between tbe yeura l^Ui 
ami is to. awl three priM>-»ei* itatlnx from that perlotl 
blive survived tu the present time, viz.. Ibe corroalre 
Miblimato or mercuric cbbirble (Bfl0)a)i " r kyaidxtutf 
process; the dead oil uf liir or creosote oil, or crpiauitlnir 
priNttm; and Ibe ehbirtde of xlne l/ni'l. i. or biiriieltlx- 




Flff. 2^C.rowth of dealruclive funirua on un- 
treated while oak lie. Kijra. S and 4.— I nlrealed 
oak |Mlc« dealroyed by Teredo Navalia. the latter 
after only Iwu yeara' aenire. 



lute procesa. Tbe Aral, or kyanlzlnjc pruceaa. u now less 
fmiuently employed owing lu tbe ^renter cuat of the 
iiitenl ami Ibe lotiKer lime nsjuired to carry It out. 

Tbe first cxjtcrlmeulcr to ein(doy preaanre for tlie 
purvnme of forcing a ti t Isept les lulu wood by meaua of 
bydriuiUc nreasure b% anbl to have been a fr'rcDcboiiiii 
named Breuut lu 1H3L lu the plan uf previously 
steaming tbe w«hk! was Intrialocvd by l'alu. 

cunorrMMta KKCBMAav to inbubx ai'ci'KHa. 

Tn*o <smdltbai» are nlsiolutely tns-oswiry lu order tbat 
uti alitlae|»tle a Kent abuuld (iroduce us**ful reautla In the 
preservation of wood, vlx. t a pro|M*r Ibpild state at llu* 
liedllUt Ut Willeb Injection hlto 1lie woxal takea place. 
, ii'l i reiis* 'i I Ml ■ I Vfei 

It U alao e«senluil (list tbe operator sJiuubl have a 
ihoriMigb lualjebt Into tbe practical working of tbe 
proceea employed, ntal a kuowl«iUte of tbe nature of tbr 
preiwrvative used. 

Tbe wood tu be treated should, moreover, be In a 
proper condition, thai U to any, pro|jerly Mcaauned or at 
the Very least half wen -o mil. lu tbe best practice hi 
l!imi|N< tbe wood U not in-atisl until It baa been »«ea 
woued from tu twelve months, lu tbe l ulted Sim.'-, 
buwever, woo. I U unnally treated from four to six 
uiouthfl after cut t Int. and jeeuernlly with iuferbir 
results. 

nit AaMriiPTioN or nucacHv ATIVKH HV TiuauL 
Tbe wlwtlo problem Involved In tlmhrr )Mrea*trvntton t« 
tlie ntplaceuM'tit of tbe -up of tlie wmal by s»»u»e sultalile 
preaervatlve UKent, and la-ftwt* prMMissltiu; to disrupt the 
various niitlseptlcs ami Hyatema of application employed, 
a few ubaervultima uinui tbe funitankental fai'tors run 
trolling the penetration of |>reaerviithew Into w<«m! mu> 
mnlerlally assist in clcnrtai: away aome of the dIOIcultle* 
tlutt oeraKlmtally confront tboae Interest eil lu tbe rlai 
her preaer vhiir Industry. tbroiUTb results tsdiut oblansnl 
In prnctlcnl w orklnu n bb-b <*.-i n it. >i ba ant l» fnctofily 
expbihi*sL 

Wllb this object In view tbe writer tblnka that 1k 
cunmit do better than give wwe brief abstract* fnan 
two paiatra mi The Preaervatlve Treatment of Wood."' 
t •% >tr Irving \V. Balb>y, A^tHfant Prof<swnr of WinsI 
Techiiubtgy, Harvard Si'houl of Foreslry, which pa|H-rs 
iip|asired as eta-itrlhntlons from tbe laboratory of mofl 
teehiMiloKy of Ibe above achiajl. hi a retvnt numher 
(T«L XI. No. 1, March, 10131 of the foretfry Quar- 
f'lJy, a profcasloual Journal pabllalird In Ithaca, N. V 
The writer baa to thank Prof. Bailey for Ms courtesy 
lu lending him tbe original negntlvea, so na to enable 
him to take prints from which the photomicrograph* 
Piu'v ami 7 have been prepared, ami be would aid 
ol»*erve that Ibe alsive i«n|»*rs wouM well reiaiy perusal 
m 'j-fi'Rsu by tin we Interested In tlie anbjeet. 

Tlie first uf iheee arHclea treats of the validity or 
certain I lieu r lea cunccrulng tint |asja*trallon of gases awl 
preservative* Into «-*«oii»s| h.-mI The author nnatyx*^ 
Tiemanu'a tl^eory, wbU'b lie summaries us followa: "In 
f f»— «1i Kfts-n mi-mI of all *| stele* I he cells of all kllM*« 
it-xcept the resin ducts and the veaselsi are eompletelj 
chawNl by the primary wall, and Ibe gasm cannot br 
fiarced through tlds luchodng membrane even at eitreoa* 
pressure* Water may percolate through (his membftav 
gradually, na tbrongh a niter, hut thlx action must 
ciNji|ainitlvely alow even under high preteiure. . . . 
Whenever wmsl seasoioi tlatyiaiid Ita HIst saturatka* 
l-'iiit K wlM'tber natiirally or by artificial means, narrow 
rnH'rn*co|4ciil sills occur hi the wall* of tbe fibers ami 
trucbelds which rentier them peuetralde tu guars and 
Ihjuhl*. These sills do not reunite w hen the wood b 
r»*»*Miked. although rbey mav cbaa^ up aoinewbaL The 
gniiter the dec roe of dryncaa I lie more penetrable the 
wissl Isstimes. . . . Steilmlllg oIwiih up these Hilt* 
In the cell walla, but tbey are m4 ns numemtia nor II 
wide as In iilrdrled material." 

The greater isnietratlon of rrwimite In dense worn!* 
and lu ln-nvy *vuiurijer-wood" of I on k leaf pine isivlnc 
blocks la explained by Mr. II. P. Wetan by the fart that 
.I. ii-- i>- . i. . v- n irti :i drj h a Sneh apllttlni h 
snya. doea nut occur In the anine extent on (he light 
thin walls, as they seem to yield niul bend more under 
readjustment of tbe w*mm) during drying. The tiea«7 
wnllt It sts'iii". therefttre. cnmiot readily adjust ttMal 
■tdvaa to imdsture chnnires, and ctwiaeiiitently split aooa*- 
wlwt In the manner of a lie when It dries ton rapidly 

The subject U dlacuaaed nt »mc length, the followbic 
-uinmar) and nuwlindoua having \trm nrrlve<l at: 

1. Spiral erncka tn the walla of tracheldfl and libers 
bWN In mdy a small |>ereentain- of dry wtssl. 

•J. Spiral crnek", when present 
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« If emus wood* to Ihr hcuvy, thlck-wallcd Iruchcklx tit 
1 1><» end off i Ik- >-*»ii r*N growth. 

.X Spiral crack* art* eoidlucd to tin* *rcoridiiry mid 
tertiary layer* of the cell wall, and flu* primary wall 
remain* unruptured. 

4. Air [wasca M eually through dry cells wbiaa* wall* 
are unruptured a* through cells whose secondary wallH 
have cracked lu •! r > : t 

5. In rantij ease* nlr am not la* pii**d through dried 
cells whowe M<nifidiiry wall* poaaeMM well developed 
"«IIIi«," cir cracka. 

tl Although drying crack* of "slit*" do not vU*hp> 
when dry wiaal Ih thorough!) rc*w»ttki*l, relinked wt«sl 
l« In many mar-* as lin|**rvimi* to ntr n* imj*oss«m«tl 

notarial 

T. Although air nirinot l«e forced through Unit; piece* 
of green coniferous wood even under heavy pressures, it 
piMmtt In many case* lliroaicli short pieces of nore than 
one fiber length. 

S. la long-leaf pin* paving blocks, when thi* pcnelni 
tlun was confined largely to the deux* hands of "Sum- 
mer-wood." (he walla of the latter were, in I In* majority 
of caw*, found to he unniHured. 

From tliia It U held to la" eleur that Tic in turn's "kIII" 
hy|h*tbodlH cannot account for the peitetriitloii of gases 
and oils Into seasoned woods. Similarly, Weiss'* llHNiry 
cannot account for (Ik* greater penetration of preserva- 
tive* Into dense tisane*, lu both eiw** some uiwleter 
mined factor, or factors, arc at work which control the 
injection phenomena. 

Fig. G shows at /» a radial longltudlnnl section of a 
westini hard pine showing aplrnl crack* or "sills" Lu 
the tldck walls of the "Summer-wood." The thin-wnlled 
spring trncheld at the right La seen (o Ik* unraptnml. 
(K) A cross section of the deitse fibers of a brood- 
ies ved tree, or "hardwood,** showing drying crock* 1n 
the tli irk secondary wall* Tin- darker colored primary 
walla which Inclose tbe Inner layer are seen to I mi mi 
ruptured, (r'l A tangential longitudinal section of the 
• sumnwf wood" of western yellow pine showing spiral 
cracka or "slit*." (',') A crows section of botb the 
'Surainrr" and "Spritiir wood" of a Mexican hard pine. 
The* cracka or "silt*" are confined to the Ihk'k •sec- 
ondary wall of the "Summer wood." The dark primary 
walbt are aecn to la* unruptumL (//) A lonitltudltial 
j^ertUm of frrably-ciit white pine Rap-wot*), taken fr«»m 
the Immediate vkinlty of (lie cambium, abowliuc Hie fine 
Miiral haivd* wblcb ia*c*ar In a]a*c1iiLi»*il cellx that realat 
compression- {J) A longitudinal aection of loblolly pine 
tractieida, Nbowinic atrlatwl effect produced hy iucfplcitt 
Htace** of decay. (M A croaa aection of the alr-drlml 
"SummtT woial" of a very denae upeclmeti of Idflg leaf 
l»4ne. The thick Mecotalary wall, aa well aa the primary 
and tertiary w-tilla. Lt Neen to la* unraptared t <*obi|iii re 
O). Tbe tlrat faint llnea cTtwina the section fnna rUht 
to left were made by the minute lrreinilurllli*a whh'b 
occur on the edge of even the abarpeat uaicrototue knife 

In tbe ircuml iirllcle, Mr. ftalley deala wlUi the atruc- 
lure of the pit membra imn In tbe tracbeMs of conifers 
and tbdr relation to tbe penetration of gaaea, H-piliK 




and fiuel} -divided willda. Into icreen ami aeaanned 
winmI, the followluj; Mimtuary ami etnu-laabwia Ia*iuie 
arrived at : 

1. WocmJ la a highly arvrlalliuHl niMl <*omplex plant 
Ukkih*. detdcnnl primarily lo cuimIik-I iit|ii«*ouH mdutlona 
oimI to sire strength and rigidity tn Klem and branches. 

2. It Ik exifeiiwly variable In differeut KtH*cb*a and 
even In different pari* of tbe mine Individual, owlnjc to 
rarlatloiw In the funelimiK nbk'h It it calleil iiiain to 
l*er form. 

TI. fonlfei>iu*i wmala. »»r "aoft wimmIk." »n* comiHmed 
tantely of mlniili* cellit, or lube*, with eUtMal e-nda. 



n 




Fig. 5. — rhotomirrographa illuatratina* validity 
of allt hyputheals. 



Kl«. 6. — l>iagraai ahuMing alractare of bordered 

pit. 

ItU-jtllda, lu laiwliiu through IhU llmie, travel primarily 
in the eavltie* of tbe eella, and |maa from i*ell to cell by 
meaiw of delicately cotiHtruicted vaH'ea or tamlrred pita 
In the cell walla. 

4. Th« membrane-* of like bordered pita are not ul 
waya entire, ax baa lm>n prerloualy aupitttwd. but iHav 
>-eH8 On all Hpet-lex examlued) niuwrona minute per 
foratlona. nhoae |iri*aeni*e may lay demona! rated by 
careful mlcrtaa*ot>k* examlimdou and by experimental 
lueanx. 

fi When woutl li tuorougbly drUaL no atmrtural 
iiMalinenlloii. »nirh ax rhe nipturtnc of the cell wnlla, la 
emenda! tn order to Hcctiuut fur Ibe |a*netratton of 
Ciiaes and proaerratlve* Into aeawiwal woial. 

ft. lit gm*n v»<mk1, tbe bordered pita and membrane* 
are very '••nm>al>l»- tn ioiimihik Miluth<n». but are nnn- 
|mrativi*ly ImiaM-vioua to undissolved gjuww. ami U* olia, 
and other bpavy or vtaroua IhiuJds. Thla Ih dae. un- 
douMtally, to capillary or atirface tenakm pheiioniena 
and the valve like action of tbe torua. 

7. I>ry wood ^except when the celb ure chajeuetl with 
realti*t or otber aecretloruit la very perm** We to gaitea, 
*dnce water Is no longer present to reaiat the paaaage 
of the Ka**ea ihn-uvh the perforations In the pit mem- 
btum 

R. Whenever prenervarlvea are lnjeete<l rapidly Into 
tiwh <ir xeatutiMHl wtiod. tin? ivnetntilun takea place 
primarily through the cavities of (be cells, and tbe 
preaenatlvea piiMM from one cell to another thnmgh the 
htinlered pita. 

IV Rupturing of the pit membrane* wua found In 
Mime ^MvlmeiiM tn la* coneomltaut with Ibe proceaa of 
drying. iiimI mu> account for tin* fact that in certain 
esM>* reaiaiked dry wi»od la Icaa tmpervkmti to air than 
irrreli material. 

lo. The Impregnation of wood by modern commercial 
metluali la a complicated cliemU*al. phy«leal. and a na- 
tion leal problem, alnee any given phenomenon may la* 
the reault of numeruiiM Intereatlug cluiulcal, phyaleiil. 
and nnatomicikl f net on*. 

Fig. 0 show* dlagrammatically Ibe ttrm'ture of bor- 
iterod pit; A being a surface view of lairdered pit; K 
a ud C, aectlotkal views of bordered plln; D, embnaaed or 
l-irdered nrea of aecondury wall; h' t pit or orifice In 
••ecoodnrj wall; membrane; F*. thickened area of 
incmhninn or tonia. 

Fig. 7 shows at h a tangential action of iminola 
showing sectional vtew of tbe bordered pita. Tbe mem- 
brane and torus are seen to occupy a medium position 
Itetween tbe two arcblnn cell walla. < ,W > Tangeutml 
wilon of hard pine showing •sectional view of bordered 
pits. Tbe tori hare been prc**ed agntnat the left-hand 
or I He** by excessive pressure. f.V) Timcentuil Nertkm 
of hard pine allowing sectional view of bordered plln. 
The torus in this cane Is thin and flexible and ha* been 
Jammed Into the right hand orifice so firmly that It 
flpftenrs bow-shaped. (0> Tangential seel Ion of freshly 
cut green white pine snpwood Injeeted with a carbon 
MM* The minute cartam purticlea are seen to ia*nc 
(rate from one cell to nntither by the bordered pit* 1 
(f*! Tangential section of sequoia heart wimhI showing 
tlie penetration of eartsin mass fnon twie trncbekl tn 
m tll M thrtitigh tbe tiumeroun btirdenil pit* (AT) Tan 
gcntlul w<rtion of the Summer wood of 11 common long- 
bMif pine pnvlng Mock. The heavy liir oils are «een to 
IN'tietrale by means nf tbe tH>nlered pits. (fO Ida 
grammutle ilmwlng of pit membrane and lafmt. The 
perf«rn»lnn«j nre seen to «K»enr In the thinner lauwlt off 
membrane subataDce. <7't ltadlal seetlun uf fn*ahly 



cut green white pliie wip*a«mm| IrenletJ with n curiam 
ma sa. The carbon (sirtlrlea are seen to ia-iielrale the 
pit membra ne in u rim about the torn*, m»l In 1 1 if- 
radiating outward frtwn It. ( f » ltadlal section of lurch 
showing large i a* rf oration* In Ibe pit membrawa. 
varioi s rHorrsara r.wnxivicn ma raxsraviMi worm. 

The Bhktoridc uf Mfrcmrtf /Vwceas or ' A vflJtl.Watr," — 
Tk*e preservative pn**eaa aaaally kwrnn aa "kyanlzlng," 
from Ibe name of tbe Inventor. John Howard Kyan. 
who Intmdnceil It Into thla country In the year Lttft 
ctuxslsta hi ateefdng or mm king tlie vitiod lu a aoluthm of 
bichloride nf niernirj' or corrosive Mibllmate tllgt'l,), 
the solution generally used coiudstlug of 1 pound of tbe 
salt to '*> laaitwts nf water. 

In the year KM this |>fuc*«-*« ««» lntn«Ii^sl In 
\V<N>lwlch hy tbe Knyal Bngiiieer*. but it baa now prac 
llcally gone out of use In England. Tin* chief oa J cff tt fl M g 
to the pnai-sa are the high coat of the agent, and that, 
being carried out without pressure. It Is a very slow one. 
■ ax'upylng as many duys as the pressure proeenaes do 
hours. According to Mr. Samuel M. Itowe, an anthorlty 
on tbe preaerrallou of tlmta^r In America, the usual rule 
there— where the pwm jmj has ns*ently Iteeu enrrle<l on 
in gome localities owing to chloride of alnc and dead 
oil of tar or rre<*aoie oil far tbe "hitrnetltatng" ami 
creowtlng |*rta?eaaes not being readily available— la to 
allow the wood to steep In vata for a length of time 
depending upon Ita k'tlst IbkKoewv thus If the timber Is 
lu inchea by 12 Lnchcx thick It won 1*1 remain In the rata 
eleven day h ; If (1 Inches by 0 Incbes It would steep for 
sewn days. 

Owing to the bichloride of mercury uaed aa tin* anil- 
■*eptie In this process <Nintainlng hydntchlorlc or muri- 
atic add * llt'O, which acts lnjurloualy oti Iron. It has 
beeii found Impracticable to attempt to Impregnate the 
wink! under pressure. 

The price of corrosive sublimate Is about 3*- Ud. i»-r 
iMiursl. against 4d. per gallon for creosote oil. iiihI about 
IM. per (tumid for pan* ehlortde nf xUir. 

Th c Xtmc-ch I'lHrf c nvMM or "Bnrnv 1 1 W Jiff SI r 
Williiim Ituruelt's invention, known na "hurncttlxltig," 
PM Introduced In 1S3K and the proem conidsts briefly 
In the destruction nf tltr tendency poaseaaed by certain 
vegetable and animal substuuceti to decay, by subj^s'tiug 
them tn the arlbm t>f chloride of line tZiH'l,). The 
<b'gree of dilution recommended hy tbe Inventor is 1 
jiart by volume to !*i parta of water, ami the tinprvgiia- 
tbai U now moat commonly carried out under a pres- 
sure of 7 or **■ atmimpberes, aa used In creosotliig, In 
(lernuiny. where tbe process Is probably the most used, 
the wtMnl Is steamed under a prewure of from tai (miuimIn 
to 70 lauioda per square Inch, prejiarutory to huraet 
llxlhg Tbe solufloti employed La generally e<Kii|>ii*#s| M f 
2.JV |a*r real of sine chtorWe and 07-*i per cent of water. 

Ill the rutted States the solution moat commonly 
used ctaiaista of nouml of dry »b»c |*er ctibk? fistt fif 
wts*d treated. Tbe wood to be treated Is Ihvt «|r- 
M-asniKst In the open or steamed 111 closed retorts to 
expel moisture, Tlw first singe of the cycle coMstn In 




Fig. 7.- -Photomicrographs illustrating structure 
•f pit membranes in conifers. 
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subjecting the wood In tbo nrlort to a vacuum, which 
U maintained until the solution la Introduced. And (be 
w.ssl In completely submerged. Additional solution In 
thru iminixxl in and Hi* pressure Increased to about KM 
I«>iiii<1» or lir. pounds per square Inch, aDtll the re- 



tained, and the remaining solution In thru drained from 
the retort. 

The solution used consists of n cuaitilnaUon of xiac 
sts'lter with hydrochloric acid, leaving no free acid. 
The strength of tbo solution I* perhaps beat arrived at 
by experiments with tbe particular wood to be treated- 
It I* Important that the ilnc-chloride should be as 
free from all Impurities of any kind as Is. practicable, 
being basic and devoid of free add. Hie commercial 
chloride ls dissolved, shortly before being required for 
uxe. Into a concent rated Mock Holutlon from 35 to SO 
per cent in strength to Insure thorough dissolving, any 
free add being taken up by the Kprlter placed In the 
vat. Tlie diluted solution I* made by the addition of 
up requisite amount of water to this Block aoiutiou. the 



The full programme of the process I* a* follows: 
Steaming to 20 pounds pressure per square Inch for Sn 
minutes; steaming from 20 pounds to 35 poanda pres- 
sure |kt square Inch for 3 bourn M minutes: blowing 
off steam. 15 minutes; vacuum, 40 minutes; solution to 
nbout 100 pounds pressure per aquare loch, 45 I 
solution maintained at 100 pounds pressure pet ' 
Inch. 1 hiiir 15 minute* : forcing back solution. 15 i 
ute»<; total time. 7 hour* IB minutes; or, If the i 
time lie reduced by 2 hours, 5 hours 15 minute*. 

Tbe principal recommends! l«»o possessed by this agent 
In that of cheapness. It possesses do value for the pro- 
tection of plies or timber agalnat the attack of marine 
. although It la aald to be aaeful aa nn aid to the 



Tires' 

Thk tire la a highly Important factor III motor car 
operation, and safety In the handling of the car can 
hardly he expected uulesa the tires are kept In Bond 
condition. Tbe cost of a new set of tires Is so heavy 
that owners arc tempted to postpone renewal as long na 
they can persuade themselves that it la safe to do so. 

• therefore closely related, 
problem Is under consideration. Kver 
of the automobile, manufacturers 
Might a substitute for the 
the rapidly Increasing use of the 
automobile bus emphasised this demand and made It 
more Insistent. Tbe numerous rewards and prises that 
have been offered for the discovery of a cheap and sat- 
isfactory substitute, and the nllnrlng promise of com 
merclsl gain that such a discovery bolda out, have 
stimulated Inventive minds to u wonderful degree, and 
have resulted In the exploiting of a number of sub- 
stances; but bone of tbum. so far aa we know, has yet 
demonstrated its value by protracted eiperlerice, and 
the prospect Ls that rublier will 



since the Introduction < 
and owners of < 
expensive rubber, and I 



it ls almost Impossible to give a definite and reliable 
estlmste of the average percentage of the total mainte- 
nance cost of RO automobile that can properly he 
charged to tires. Figures have been given, however, In 
which tbe tire Item ranges from 20 per cent to 50 per 
cent fur commercial cars, and between similar limits 
for pleasure cara. This wide variation la due to tbe 
many factors that determine the Hfe of a tire. The sine 
of tbe tire, the weight of the wheel and of tbe ear, the 
speed of ofierutlon, the condition of tbe roadway, and 
numerous other tilings, all have a direct bearing upon 
tbe lire mileage, and It is easy to see thut the tire prob- 
lem must necessarily l.e a complex iiimI dlBlcnlt one. 
Tbe mileage may be greatly Increased, however, by 
heeding the advice given by the tire manufacturer*, nod 
by exercising good Judgment In the care of the tires. 

A familiar example of poor Judgment, which may he 
seen almost any day lu our cities, consists In running 
a car up too dose to the curb. Some drivers take j»r1de 
In their ability to bring a passenger car so close to the 
curb that then* la barely a crack left between the two: 
but It Is unwise to practise this, because a alight mts- 
cstcHlatlun will cause the front wheel to rub against 
the .-virtistnne. and the rear wheel on the same side Is 
nnutilly subject to a similar rnh when the car turns out 
lutu the street again. The abrasion caused by the fric- 
tion of the tire wllh the rough surface of Ibe curbstone 
weakens taut aretlon of tbe tire, and eontluood action 
of this kind nosy reduce tbe strength of the casing so 
materially that a blowout will swn follow, perhaps 
with serious consequence*. A driver who stops his ear 
it s distance of one foot from the curb certainly avoids 



jeeted to wet, a certain amount of the agent washes or 
leaches out. the percentage of loss gradually diminish- 
ing. This last does not appear, however, on Investiga- 
tion to be so serious a matter as It would seem at first 
sight. Experiments, described In Ihe EmUnm-ino Sein. 
made by Mr. Octave Cbanute with wood t routed by the 
due-chloride process, during which efforts were made to 
extract tbe preservative by long continued and oft- 
repeated series of Immersions tu water, showed on dry- 
ing and analysing that, although n smull. regularly 
decreasing amount does waste out. after about 18 
months of strenuous treatment, only 28 per cent of that 
was extracted, 
required for carrying out the sloe 
chloride process are practically tbe same aa those used 
for "creosotlng," excels; that for the latter process a 
storage tank will be required for receiving Ibe oil, and 
that the retort or Impregnating cylinder Is fitted with 
Kieamlteatlng pipes to maintain tbe necessary fluidity 
of the oil. Tbo main pipes through which the oil Is 
passed should also, for tbe latter process, be heated by 
for tbe 

conalsta in subjecting the wood to he treated to the 
action of steam In a retort or Impregnating cylinder for 
a period sufficient to open tbe purea and expel the nat- 
ural saps, followed by a vacuum of from 18 lo 20 Inches 
to withdraw tbe vapors and free the wood from tbe 

of a solution of sine-chloride of a 
or from 1.6 to 3 per cent, according to the 
nature of the wood, with a imroortion of dissolved glue 
equal lo one half of 1 per cent. (The AlllfrChalmers 
Company gives tho proportions as 0.5 pound of dry sinc- 
chlorlde plus 05 per cent of glue or gelatine per cubic 
foot of wood.) Tbe solution Is held in the retort at a 
pressure of from 100 pounds to 125 pounds per square 
Inch for 2Vi to ft hours, after which It la forced back 
Into the storage tank and a H per cent solution of 



tannin or tannic acid (C,H„0„) Is Introduced and held 
under tbe same pressure as before for about two (hours 
After the withdrawal of the latter the operation i* 
complete. • 

In some works tbe practice of Introducing tbe glue lu 

provision of anotber storage tank. 

Tbe xiiic-cblorldc solution Is the same as used In the 
xltic-cnlorlde process. Tbe glue employed l» the ordl 
nary iirtlcte of commerce: those clues, however, having 
tbe highest percentage of gelatine being preferable. TV 
Isnnle add generally consists of sn extract of hemlock 
bark. Kront 25 lo 30 per cent of pure ta 
ls> present. The amount of tbe glue and I 
be oue tenth of the amount of pure chloride i 
proportions <rt* glue and tannin luting such as lu ! 
the absorption of the prescribed amount of pare chloride 
per cubic foot of wood. The amount of glue abonld be 
at least 1 per cent In weight of the whole amount of 
chloride solution. Tbe strength of tbe tannin solution 
should be at least 1 per cent In weight of tbe whole 
intents holding the tannin solution. 

The lime occupied In treating tbe wood by this 
process is. for ties or sleepers, omitting steaming, 
hoars, with sleamlng. «Vi to t-Vi hours; for timber, 
omitting steaming, ftt^ hours, with steaming, fl^fc to Lit? 
hours. 

The xinir-tannln process differs only from the "tmrnet 




lib tannin solution. The glue nnd 
tannic acid combine and form a leathery and Insoluble 
product clnliaed to assist in rendering the wood 1m 
Is-rvloiis to tbe absorption and giving off of moisture. 
iiimI thus to prevent the sine-chloride from leaking or 
being washed out. 

The plant required for ttu 1 xlnc-tannln wnod-pre 
serving process ls practically tin- name as that u»nl 
for the "tiumettlxing process. 

(To or crmtlsacd.l 



tbe risk of Injuring Ibe lires; and ullbougb we emphat- 
ically disclaim any exact knowledge «t the distance 
Ihnt a woman can step In u modem narrow skirt, we 
strongly suspect that she could negotiate an interval of 
twelve Inches without danger. e>eu If she were clothed 
In tbe extrcniMtt of the feminine fashions of tbe day. 

The wear on the tires depends to a large extent upon 
the nature of the rond. tlie weight of the wheels, and 
the speed at which tbe car Is run. In general, the 
heavier the wheel the higher Its rebound when It meets 

leave the madwny and tlie Instant that they touch It 
again they are free from the friction of r««id contact, 
and during this brief interval tbe loud on Ihe engine Is 
released. Hence there Is a momentary aiiecdtng up of 
the driving wheels. When they again come In contact 
with the mad they are revolving faster thau when the) 
left It. and they must therefore slip to some extent bo 
fore tbey are again turning in eonfurmlty with the 
siieed of the car. This action may be Imperceptible In 
any one ease, hut the aggregate effect of It during, say, 
-'i.OQO miles of travel la serious, and distinctly detri- 
mental to the tires. 

Many persons neglect to Inflate their tires to the pres- 
sure recommended by Ibe manufacturers, because tbe 
ear rides more comfortahly on nnder-lndnted tires. This 
Is a mlslske. as Insufficient Inflation shortens Ihe life of 
the tires, and causes a great deal of trouble, 
cutting ls tlte usual result of Insufficient 
If tbo car Is heavily loaded the tires may be • 
beyond repair in a comparatively abort tim 
In addition to tire deterioration from the 
tioned above, tbcro Is the ever-present danger of a cut 
or a puncture. A tire coming In contact with an object 
having n cullltig edge Is likely to receive a more or leas 
<Lalnaging slit, wblrli utiles* II I* l-romplly repaired, 
gradually extends and weakens Ibe shoe. It Is then 
only a question of time before a blow-out occurs, Smull 
puncture* are less serious than hlowouls, hut tbey are 
very a iiuoytiuj, especially on hot, dusty days, and a great 
dent of Ingenuity has been expended In the effort to 
produce a puncture-proof tire. The dlnVulty K to ob- 
tain a durable and reliable tire, of reasonable cost and 
simple construction, without sacrltldng resilience 

Mauy automobile ucYddcuts are due to the skidding 
or slipping of Ibe wheels. When a driver 1s obliged to 
nitike a sudden stop or turn while running on a sllp- 
|sry pavement the chances arc that the car will slip or 
skid before resiwndlng pn>]M>rly to his efforts. The 
skidding is most marked when the rear wheels spin 
around on account of the roodlied Mug slippery, re- 
sNtanee to sldewtse displacement being great) 
In accordance with well-known uieclutnlcal 
l>y the rapid rotational slipping. In orticr to minimise 
dangers of this kind, tire manufacturers bare placed 
on tlie mnrket so-called non skidding or non-slipping 
■ are used by tbe i 



Imt the general Idea Is to mold a series of projoctlurt* 
on tbe face of the tire, so as to roughen its surface ami 
enable It to >#l*e more effectively upon Ihe lrregulsrl 
lies of the road, 
moniy employed for 

e-qieclall.v useful in winter. N*Tttire tlley 
inlnUh the skidding, but also increase Ibe trartln 
jsiwer of ibe car in snow and mtid. 

Attentton to tbe following suggestions will material'; 
I .clung the life of the tires, and will thereby promCt 
safety also. 

fare should be taken to avoid letting the clutch l« 
quickly when the car Is at rest, becsnse the sudden ap- 
plication of power may make the rear wheels revolve 
rajddly before the car gets under way, and onuses serl 
ous and totally needless wear on tbe tires. A similar 
effis-t ls produced by applying the brakes too suddenly 
when tbe car Is tn motion, and thereby locking tbe rear 
wheels so that the car slides. It Is Injurious to tbf 
tires to run on them when they are flat, or to drive «i 
the rails of street car tracks, or to operate the cur. at 
high speed, over roads covered with itsne stones or 
across street car rails that are raised above tbe read 
level. Small cut* should be promptly repaired, tuid n 
reliable gnge should be nsed when blowing np the fire*, 
so that the pressure to which they are filled mny te 



i uurie* men 



Oil i 

to rubls-r, and the tlrea should be protected from oro 
lucl with them. At the end of a Journey the tiro* shouW 
l«e carefully wiped off, to remove any oil that may him' 
accumulated u|»n tlkom while driving over oiled road*: 
nnd the car should not be allowed to stand where there 
ore pools of water or idl on the floor or the ground It 
a blowout or n serinim puncture occurs on Ihe road. "A 
tbe drhcr has no more Inner tnlie*. It Is sometime" ail 
vantjigeona to remove the damaged tube and All th' 
casing as solidly ns possible with hay or grass or son* 
other similar material. An expedient of this kind 
shimld no< he ndoptwl unless the situation is M-rlons 
but It Is better than nttempttng to run on the flat es< 
Ing. or on ihe rim of tbe wheel ufler Ihe casing hi* 
l>ren removed. II is hardly necessary to state that l*c 
ear should 1st driven i 
a ting under these 
be made, or new tiros procured, at the earliest opp* 



The Electrical Conductivity of Copper 

Tttr eleelrienl conductivity of ciqiper depend* upm 
of Impurities, and not upon any nw 
Is why the conductivity test I* so v»1o 
nblc In determining the purity of cnrqier. The axgrf 
gate of all Imisirltlcs Is shown, slid thus the purl'? ct 
the copper tndlested, Amounts of Impurities that wf" 
defy deleeilun. or wuuld never be known lo exW >" 
chemical analysis are found when the electrical eon 
is I 
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A New Wright Aeroboat 

A Marine Aeroplane of the Pontoon Type 



This latent Wright aerulssit known a* type "<;•• be- 
longs to the dim of three pontoon marine aeroplanes, 
the center pontoon, or bull. furubdilsig most of the 

ClftlStilUI. while the SSSUlllcr IHMitOOUB attached to cither 

wing end do their share In supporting the craft. No 



these auxiliary Bad iwntr**ts, ns their use has 
found urineeesaary. 

Thc motor seats am] other parts urc placed entirely 
above the deck which sesils the top of the issnlixm. At 
the same time Uie aide* uf the ball are carried abuie 
thin watertight deck to the height of the wlisgs, anil 
body for the motor niwl seat*, pro- 
i wry effectively from spray aud wave*. 
The motor la situated In lbs .trout, motorcar fashion, 
and the seats, aide by aide, are back of the motor ami 
situated at the ceuter of tbe wings. At the rear of the 
main wing* are the two propellers, and beyond these 
the rudders, which at* carried on a tall frame, from 
I be center section. 
I'ndcr tbe seat* awl above the step of Hie hydro|ilane 



steel tubes, whlrh form Hie rear struts .if the tall fraun- 
-npIHjrttng the rssldesv n convenient arrangement 
which ha* lu-lsssl greatly to reduce head resistance. 
These twin rudder* work lit unison. Isdng suitably cun- 
nectrd by cross wire*. The area of the direction nsd- 
totals orcr 22 square feel. 
The elevator, of the new Wright Inherent stability 
type, la carried very high, twins; attached to the top of 
Hie rectangular tall frame above tbe two rudders. Thin 
failure ha* greatly added to the natural tendency In 
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Front view of Wright aeroboat. 



are large air 



through tbe bottom of the hull, 
.icily to ventilate the uteri, bul to drain the cock-pit In 
which the acuta are located, of assy water shipped in 
bad weather. This feature is similar hi arrangement 
to that of self-balling lifeboat*. 

It la Interesting to note that In testa of the Nary 



amine tbe engine while 
menta. It would even 1 
while tbe machine la In operntlou In tbe ulr. 

Tbe bout bull Itaelf la 10 feet lone, and at Ita widest 
hsa is beam of 43 Inches. The height of the hull I* 
such as to irlve a clearance to Use tlpa of the wings of 
SMi feet shore the water surface when hydroplaning, 
which itlvea splendid rough aea qualities, and makes 
tbe poaalblllty of catching a wing In rough water quite 
remote. Over tbe engine the metal covering la made In 
tike form of two large hatches, which slide In and out. 
When removed these hatches give access to the engine, 
and when closed acne an a practical watertight cover- 
lug. With tola arrangement bnilt aa strongly as It is 
on tbe new aeroboat. It U possible for the craft to 
I bend on Into a Urge wave without having the 
stop the running of the engine or canstng any 
al effect. 

The wings of the aeroboat are H8 feet in span and 
•I feet In chord, with a distance between planes of S 
feet. The main carrying surface la 430 square feet In 



• of the machine lo uicrvuin 
at the propellers. The elevator In type "«" ha» 18 feet 
spun aud a total area of 53 square feet. The construe- 
tlon of both the elevator and the rudders la similar to 
that uf Ibe wings, and ample bracing has been provided 
to avoid rlhriitlois- 
Tbe transsntssluii oss the new Wright aerohou! his* 
refined engineering problems. In which 
• Of the Wrights In thin kind of work has 
resulted In a remarkably successful drive Aa cus- 
tomary In Wright practice, two propellers arc used, 
rotating In opposite dlreclloisa. and. In the case of the 
nerobont, tbe increase In etheteney that la obtained 
thereby la even more valuable than on land machines. 
The propellers are H feet It Inches in 




I other Slatalla in the 
much Improved over previous practice. The ribs are 
made solid of I beam shape, ami the span are In- 
creased In depth. The thickness of tbe wing is very 
much greater than In previous designs. Hisses adding to 
tbe strength. The wings are covered with a special 

fo the linen n' smooth flnlsh that is not 
proof, but la proof against seas. The struts, of a splen- 
did streamline form, are of ample cross-section, and eiid ii steel i 
tbe important sustaining wires throughout the craft are 
doubled, there baring been Introduced an entire dupli- 
cate system for the tnnln warping wires as welL 

An Interesting feature lss connection with the wing 
construction is the new type of Joints adopted for con- 
s to the Blruls and planes. These Joints 
■ of a hook shaped plate of great strength, 
) eye or the wire Ota. This has permitted 
of the entire elimination of the number of bolts and 
pins which are ordinarily employed, and has thereby 
greatly Increased tbe safety of the machine. 

It Is of importance to note that tbe wings are not 
divided at the center, as Is customary, the spars at the 



rotate aimroxhusately at 580 revolutions i*?r misiute 
They are driven by chains from tbe central drive shaft. 

taisced by guides and radius rods as lo iscnnlt of easy 
allssrsoent. 

The central drive shaft iiasslng nnder the seat drives 
tbe propellers from tbe engine, situated In front. At 
tbe front end there Is mounted tbe isew Wright shock 
absorbing drive, a feature new lo aviation, which is an 
application of the highest engineering principles, and is 
a step In the progress of aeroplane construction that 



II IV 



On the 




are a 

not only of added weight, but of considerable 
danger because of the great strains at this ivilnt. 

At the tins of the wlnsrs are mounted oss either side 
tlte auxiliary pontoons, which help to float tbe machine. 



duplicates of the central boat in construction. 

Tbe control of the wings and rudders In the new tfpt 
Is in duplicate, and provision has been made for mount 
Ing either the customary Wright lever control or the 
new Wright wheel control. 

The rudders of the Wright aerolsosl are exceedingly 
novel In form ami very twwerful In site. The rudders 
of the machine aie pivoted on two 




11, wheel of tbe 
coisncclioti between these and tbe plus on the shaft Is 
■unite by eight shock absorbers. Tbe abaft cone la free 
to rotate lis relation to tbe flywheel, but the two are 
restrained by tlse shock atsearbera, these being tbe only 
direct connection between tbe engine and tbe tranamls 
sion. Aa a consequence, tbe power of the engine is en- 
tirely transmitted to tbe rest of the machine by 
shock absorbers The Introduction of this elastl. 



incut has nut only reudered it possible tu greatly reduce 
tlse weight necessary in tbe transmission to resist the 
severe strains of the engine, but has also greatly tengtb- 




The weight of the 
tsiunda, a record In < 
sl»> and strength. Tlse l 
Iwwer Wright. 

1'be speed range uf the machine Is III tbe neighbor* 
bmsl or if to tM miles nil hour, and splendid climbing 

senger flights that Harry N. Atwood has ■ 
with his aeroboat, aa well aa bis sptersU 
Toledo to Detroit, hare proved the worth of the new 



An Early Slide Rule 

David Baxanu.ilj, writing In .Valsrc, says: ~De Mor- 
gan, In article 'Slide Rule' In the Penny (.'pv^ojariiia, 
points oat that tbussgh Gunter first used a logaritbtak 
scale, the real Inventor of tbe logarithmic slide was 
oisgbtred. In the year 1030 he showed It to but pupil, 
William Forsler. who obtained bis consent to translate 
aud publish bis own description of the Instrument, and 
rules for using It. This was dune under Ibe following 
title, "The f'lrele-s of Proportion ami the Horizontal In 
strssment." basftOA, 1032; followed In 1033, by an "Ad- 



rutluu ur the two Kulers for Calculation." 
ring lo a republication of Ibis work In 1600. he goes on : 
The next writer wbons we can tltxl is Seth Partridge, 
In u "Descriplloti. etc.. of the Double Scale uf Proper 
Hon," lyondixi, 141S5. He studiously conceals Ongbtred's 
isaine; the rulers of the Utter were separate, and made 
lo keep together in sailing by the hand; perhaps Part- 
ridge considered the Invention his own. In right of oue 



of brass." 

Prof. F. Cajorl. In bis book, 'A lllatury of the Logs 
rlthmlc Slide Rule,' inou, tbe result of an exhaustive 
Inquiry Into tbe literature of tbe subject, quotes De 
Morgan, and continues tp. 171. 'To Partridge we owe, 
then, the Invention of tbe slide.' In an addendum I p. 
ill. he refers tu a copy of I-artrldges book In his own 
i«.sses,huu pulillslsed In 10H2. In which It is stated that 
the book was written lu 10AT. 

"Dr. Alexander Russell, In Saturn, January With, 
1010. p 3ft7, states: 'A few years before 1671, Sells 
Partridge rediscovered tbe sliding principle, perfected 
It, and gnre an almost complete specification for the 




Personally. I consider that Selh Partridge Is tbe real 
luverttor of tbe modern 10-lncb s 

"My object In writing la to direct 
fact that there Is In the Science Museum at South Ken 
slssgton a slide rule which Is Inscribed, 'Made by Robert 
lltsaaker for T, W.. 1684.' Tula proves that the slide 
was invented aud la see three years before Partridge 
wrote his pamphlet, and eight years before the earliest 



very early example of tbe Instrument Is uf box 
wood, well made, aud bound together with brass at tbe 
two ends. It Is of the square type, a little more than 
2 feet In length, and bears Use logarithmic lines first 
described by Edmund Onnter. Of these, the num. rts.. 
sod lea lines are arranged In pairs. Identical and coo 
se line In each pair being on the fixed part, 



no feature which Is not embodied lu this example of 
the instrument. It would appear that less credit Is due 
to hlsn for Invention in omnectlmi with the slide rule 
limn baa hitherto been given. 
"In this year of tbe Napier tercentenary celebration 
Interesting lo know that a slide rule Is still Its 



A Long Rope Railway 

railway, 73 mites in length, ts to be put lu 

the Vale of Kashmir with the idalna of the Punjab uie r 
the Himalayas. Tbe line, It Is claimed, will be the 
longest In the world, the present longest being 22 miles 
nnd situated in Argentina. Sections will be C mile* 
long, and moat of tbe spans will be 2,100 feet. The 
steel towers, some of which will he 100 feet high, will 
> 1% Inch cables. 9 feet apart, will 
'be carrylssg capacity of these 

care will be ahntit «lfi i 
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Virw of iwn of ihr lairhiner; kill* *l Ihc nhibltkon. 



A World's Fair of Books 



The International Exposition of Book Trade and the Graphic Arts at Leipzig, Germany 

By Dr. Alfred Gimdenwits 



tiji the very ground where, one hundred yearn ««o. 
wa* wtt*ed tin* "iiiiIIinih* tattle," ti peaceful enmi* 1 !! 
limt of |Hn|»k*K l» laklnit ldaee ihlx year, for Hit- bMMtt 
of rlrtllutlKm and tin* protit of mankind The luler- 
r ftiin.it KiiM.x|i|oti •>( Hook Trsi.t.- and the Hntphlc 
Art*, at tiernuiny. tuny Ally be culled a *y in 



tlKMlK-lalUlIM lllld M-tllHllM, Thv U\\'H of llllt V\lM»iti«t|| 

therefore awoke an enthusiastic echo in the population 
t«f >.«->jo.li: ami wa* treeteij with Jny by the profon-duti, 
in ttermiiny an well hh abroad. It wum mmhi null nil 
tbiit icrejiter tlilu^ ttuiu lit the raw of the average eJt- 
ImkIIIoii were at Make, and DM foremost exprrl«, arlen- 



The K|iliil of the under!) In* blra dud- a dlipilffed lt* 
preatdofi lu tin- atvhttorttinil arrangement of the expo 
•dtlcin. (hi entering In the rim in mite, leading to 
her 1Mb Street," one obtain* a splendid vkrnr of the 
exhibition ground*, while hi the tarkground (be IjHp 
xlu Knltle Monument bioiik* up. To the right of Ihl* 





t 




m ■ \ 




\ Tartar of architectural Mjle« are represented oa the exhibition ground*. 



I»i»hiiti no human education ; tt unfold* la-fore our eyea 
Hie lilHtury uf culture, iunn'- own hbdory. giving an 
tnwtght Into the lutellrrtitat evolution uf nation*. Ibr 
rl*e from darkm-**, Miper*tlHoii, and Ignorance to 
Hjrhf iiii-l Joy, ediieatbui, kuivwkilge. and undemluudlnj;. 

No other city In the world naild afford a more filling 
and ilijndhVd fnime for it world fair Midi at* till*, tluaii 
the ancient Mirlropolt* of the world * hook trade, which 
in Hdditlon to It* old tradition*. hotiMt* of u gi«>dly 
imiiuIm-i of ImiNTtatit piibllMhtrtif nrtux and profewwbunil 



IIM*, and nrtlxtn willingly lent their u**lMtaitce. The 
Hjitoe appreciation win shown abroad, and no clvliUml 
fount ry ItavliiK aelileviit anything of lra| tort autre in (be 
Held of tMMik Imde and the tiraphk- art* waa n.ntetn to 
hiir behind In the rare. 

The "World* r'nlr of lb***" coincide* Wllh the 1WI 
.yrur*' Jiihlkv of the Ito.val Arudetny of, tirnpldc Art* 
and Hook Trinh- Uf 1M\n.lx, which year after year 
m nds .nit mi many iirthitlcHlly trulned nwinN-r** uf tbe 
profewMlon. 



avenne. w ItU b I* «M of the mnln lliomituhfnreM. Irar 
endnK thi* whole lenelb of the ex|H».1llou. there b* ullll- 
a lei I the extetudve gnmp of hulbllitjk'H eoiiM||(utlli|[ tnr 
tiernian Main Hall, the heart, n> It were, of the win* 
hIiow. Thin hall cover* an nroii of live nt'iVM, mihI com 
prtaaj prartteally all branciir:* of Uw prliitiiif and |nib 
IMtlnt: ItidUHtry. 

The rich! hand nlnt: of the tmjMwint: bnlldlni: U utteii 
tip entirely to Hh> extetMvv ib id or lleriiMii IhhiIc trmtr 
and klitdred lndtiKtrie*. Inclusive of the art* of nt»n» 
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Tht nurchAiitii' buildinK. 



Ihc hall uf cWUiulion. 
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One of tbt exhibition pavilions. 



The hall of paper Industry. 



duct Ion, pln-tography, si t m! klneomtugruphy. We are 
shown, among other thing*, how the artist design* nn 
alphabet, how the engraver mple* II. and how the Ml 
Ik > it-.i ready for the ci.ir.i-.--ii.-r. Wp may watch how 
i he type nral block h are combined In the typesetting 
machines, to form the moat varied typographic prod* 
net*; how the couipoaltora work It* corrected and made 
ready fur printing. The various modern printing proe 
esses In Ma are likewise exhibited. 

In the central part of the baihlliig are housed, antoug 
other pro op*, those of bibliography, library, srlenee, 
Mtiilopblly. etc. Tlx* uiosl beautiful product* of Mer 
aiau hook- binding ami the exhibit* of the Itnpertnl 
Printing <Ktlr*«H and Merman Patenl fifllce are found 
Iherr, In addltlou to the hi nee Ikmk Sate* ttxposltlim. 

The whole left hand wine aiMl part "f tin* rear of the 
Imildhut are taken up by a iMinthe«in of the Merman 
publishing trade, where an ad**jnate 1dm of the 1mpo>»- 
lilK iMltther of tas-ks and musical etlltloiiK brought mil 
every- year can he gained. The hall set apart for lllus- 
1 rated niagaiiiie* In likewise found In thl* wins, and 
adjoining It I* the Mimical KdHlons' Sale* HepnrtariPUl. 
comprlaing a large hall for musical ami literary reellaL 

Oil tearing the ircrtuan Main Hall from ihe rear, we 
reach a square known a* liuteitherg Square, on which 
are situated three huge engine hall*, coverliuc a total 
of is.tMKl square meters. In the Br*t engine hall a 
Ihiiht making plant la ahown In nitration. In Mi- are 
oud engine hall, printing. typesetting, anil casting tun 
chines arc similarly exhibited, Tin- third engine hall 
»hows, nmimg other thing*, a large uptodute book 
Id tiding ■>!'<. p. comprising nUmt nft> auxiliary machines. 
In full o|M>rntliMi. Foreign Orm* are largely represented 
In the Mr-t aial second engine hall*. 

The Intcllcctuul o*ur»-r of Hie nbow l<* foriDod by the 
Hall of i "lvlliwitSi.il. oh the left of (latcnherg Square, 
when* the gradual development of the i trade and 
graphic art* with Mielr forerunner* In the various 
-ingea of civilization with all the |a*i*plca of h Inter) la 
*tiown In a cuittpreltcitftlve exhibit. 

Ill three large annexes to the Hall nf f'MUxatlon 
are houneil two of the wad Important gmu|H of the 
ex|NMtlthi|k. namely. Ihe I icpnrtmciil* of Mraphk- aiMl 
Photographic Art*, n*M|*ri|ve1y, Tlie former comprise* 
ma>.terpb*-o« of the cotitemiMirary graphic art of prac- 
tically all cliillaed ctaiulrU*. and given un excellent 
Idea «.f what Ih hHng achieved at the uroactif day In 
the field of etching, engraving on cop|*T. itrllslfc w.wal 



engraving, modern lithography, etc Applied graphics, 
ii- exhibited In hook binding, artistic 'lettering, eti*.. la 
llkewtae represented, much room being deviated to book 
Illustration- Photograph*, aa a free art la eompre- 
heiwtrety rcprewenti'd In n hnge hall, mainly a* profn* 
siimal pbutcarniph). thuugti the amateur's art a lan tlnda 
a place. Nor are ttu* very talent maulfivdathwia of the 
art, aucb aa bttlhaMi and aeroplai>e photography, 
omitted. The aelentiflc ernlutlim of phol ogra (dilc art 
and Ita rewuroe*. n* well aa the laleat advancea. In- 
cluding the whole of klneraatogruphy and the manifold 
m lenllflc iiaea i>f onllnary Ami moving picture pluiti*- 
raphy. are IlkcwiBC on ahow. 

"Nathma* Street." a buujc avenue on which are altn- 
ali'd tlie palaii'a of Hie natkaua (inrtkipatiJUC on an 
■•"I-vlaHy large mciiIc. lenda frtain the Hall of f'tiillui- 
tlmi to tin- aec^nicl entrancr to Mm* exposition. *hi the 
right are aeen the Italian and Krenrh building*, two 
while ittvlllou* derdgited In renalHNance atyle. KetWee-n 
in.-.., iwanirwhat to the bark, there Ix the huge hull 
hoiming a n|aiial Ititernallntial ahnw, "The IttinliM^ 
.Man.' where nm*atg other thluga, (he evolution of eom 
ineriial lalita-atlon. fnan l(» tw**\ primitive tH'gliniliu*H 
lo lt-<« pn*aetit |a>rfeclliHi and variety, la lllnalrntrd. thi 
il..- nppiwlte able of the street l> the Kapcrantn pavilion, 
a Imlblhkg dcv<4e<| to "t^-rnian Clvlllxatlmi Abroad." 
"ISeromii t'olmilea.** elc. and finally, a pavilion where 
Ja|aweM> wiMHl-eiittera are di'fnoiwlratliig Ibcfr art. On 
Ihe right hand alih* nf Ihla afreet la the HnxtMi State 
Itulldlng, where the Itoyal Academy <<f Cmphk Arl* 
aial fbHtk Trade, an well aa the Ibaurac AaaociutliMi of 
Merman IbNikflellera, have aniroc nmt rx<vll*Mit material 
on hIiow ; farther the Aiwtrlau Slate nulbllng. and bf- 
twevn the two. In the harkgri*nud. n anerlnl exptatltlon. 
"Ilctiirw^ioe fJermany.** where the ctiitlcnd 9t*An of the 
country are nluiwn In photography. On the ofifaialfe 
«lde. Ia>alde the Wine Iteataumnt, there la the Btitlali 
Itnlhtlug. a atrurtiire detdgned in the Tudor atyle, 
and Mirimmnted by a I in-crowned tower, an en|a?c1al1y 
Mrlklng example of itallonal a rctd lecture, and adjnlu- 
ing It. the Huaalan Hutldlng. tbe exact replica of the 
famoua Mota-ow KremL 

(ajajaadte thla t*alaee of Natlntw. there Ih Ihe Hdmul 
I'uilll'iii. cotnprlaliig a lanll for demmiat ration* ami ex 
litldta relating to the Hoy ami tllrl Scout morement. 
Ill thin luvUbaji la aliowii what a valuable help the 
hook trade ami craphb' arta. In eoujnnctlon with the 
h|glil> drveluflaM tlMluxtry of educiitioital H|ajd la iters. 



are lending to the achooN, An extmalre gnoip of build 
lag* a Utile farther to the right then ciitctien our eye 
Thla la kunwti aa the "lialuatrliil Town," and iilforrla a 
faaclnallng pUiure laf life and activity. The obi Hayna- 
Inin; Pftpav Mill here tuma lta wheel* aa 2U> yeara agiK 
inuuufacturUig hand made papef In accontance with 
the method* of the time. A hlatorlcal hand (irluling 
plant bt alao Installed where the type la cnai ami com- 
poaad by hnmL Side by aide with the«e old, primitive 
ahopa are exhibited examplea of Ihe mnet advamfd 
nwaiera art. Including a modern |at|H*r machine, which 
ha* a capacity equal to that uf TaAt hand-workera. In 
large Italia houalng tbe exhlblla of Ihe AjnudalloD of 
Merman l"aia>r Makerx, vlalfnra are whown Ihe raw nut 
terlal* employed In puiht mtiuutacture, bow lueae are 
worked Into the rarlon* klnda of |ai|a*r, and how manl 
fohl objecta are waiiufitetured. from thla material. Thin 
group of hulHilnga termlnatea at Ihe Newni taper Print- 
ing Oflke. when? two huge Mlary niacltliiea wrve l« 
ilemnnMrate imalern nrwapii|a»r prlulitig. while u third 
one IIIUNirateK In n wutk atrlklng manner tbe woat re- 
cent engraving pmecK*. rotogravure. Tlie gcneaL* of a 
i- .. -|0|mt Ih i!lu>trale<1 fn-in the retairfer'N maniwrlt>( 
lo tbe prtnhal and fobled eopie*. Tlie bixlorlcnl devel- 
ttpment of Jonniallam la ula«i w>t forth. fr«iai the moal 
primitive Wglniiluga — Are alguithi and mounted mewrn 
gera up to the splendid aebterementa of oindern engi- 
neering, wlreleHH tfli-grapliv. and telepholitgrapfay. 

On the left we rnu-h a ataicbma (uivHIod houalng a 
a|a>cliil Mi'tw. "Woman In the Ht»ik Tnnle and Graialik* 
Aria," where a eonijtreheiiaive iden can he galuef) t>f 
the work done by women In all branches of prlulitig. 
literature, musk'. Ihe decorative art. library manage 
ment, He. Oppuwlte this rlaea the lull wlirre the Kx- 
laadUctii <if Trade JtMinmlUra and the *|a<elal nlMm- of 
stenography are luatalleil. The latter deiuouNtmtr* the 
whole evolution nf idiortliiind from nnlbpilty to the 
present day. with Ha manifold ayafetuM, and affonlM a 
prartlcally complete picture of the highly developed 
shorthand Induatry. 

tlnae lo the oilier able i»f the main entranee. UMM 
are thn-e audllorluma, holding »M», «tn. and 1,300 peo- 
|de, reaiaocllvely. ami Ihe movluc-plcture theater of Hm> 
ex|viaitbtn. Thla fairt of the exposition ground* alan 
oxnprlsew a ntlinlvr of caf^K. realaumnta. and places 
of auuiM'ment. Ib*yond the bridge there Is a inlnUture 
Merman colleg*' town or i7nartfcr latin, IHuKlratlug the 
lyplrwl life of Merman undergraduates. 



light AWoyn for Automobtn? V&rt* 

Not many years «gu 4iue of tlie troubles of Ihe man 
ager of a big engineering works waa the Imporluiill) "f 
the purveyors of perfect lubricants. Tfanugh we atlll 
have Ihrsr with us. the oil merehatll has a aerlooa rival 
in tbe man who claims to have invented a perfect it In 
minium alloy. Of these alloys there are some hundreds 
known by name, If not ua a result of aetiial experlemv, 
and tills number is being added t* aluh^l In Iiimthc 
ratio as the n*4 of alumildutn. owIuie to improvnl elee 
trlcal method*. Ls mlueed. PraeMeally s|a*nkh»g. very 
few of ihe light aluminium allt»ys thai have be*n pro- 
duced with a flew to revolutionizing enirliiferlng nm- 
Ntnirlbinal mettMsls have been a aucii*KN from the ludna 
trial s4niid|silnl. The reason for this, M Ima liern 
tadnted mil by Ijiw. 1s to lie fnund In the fact lhal 
aluialnlum unit*- will* immt of Ihe ootamon metaK to 
fttrm dellidte ehetulcal iiMiiiaiuiMb< whb*li er?Mlal||xr out 
hi « matrix of practically pure aluminium, ami It Is 
known that alloys with cocigbimeraie striK-larea of ihla 
fiesarlfallon are only useful In s|feclnl cases. Sm'h com- 
(•ouials an- fonaetl nilb Iroii and eo|i|H>r, nlekel. anti- 
mony. mangaue>e, and tin. 

aixoy roa HoTtaM'Aa rAara. 
Zlm'. on ihe oiti.-r liatal, forms ubitt are known aa 



-"H<l solutions with aluminium, and the alloys of these 
metals, either ahsue. or more often with small add)- 
ll*n» of other metals, aucti an cmjiper or magnesium, 
arc practically the only ones of Industrial Importance. 
Alloys of aluminium and xtnc have been very fully 
«t tailed by vurbaua Invest Igu I urs. and are largely naed 
In the motor Industry for castings of crank-cases, gear- 
Isixea, etc.. |be proportion of aluminium la*lng. uppmxl- 
iiMtely. kn per wk% that of line in |a>r <vut, the bal- 
UMM la-lug mude up of co]aja*r. Such an alUty has a 
tensile strength of from eight to ten |oua |rer atpmrr 
llH'b. Though thia lairlb'utnr alloy la atabte, maity 
atniDlnium-KliM' alloy* are liable to failure through ag- 
ing, ft prooee* which cun be prevented, however, by the 
addllion of rertalii elements wbieh in many eiiaea are 
claimed |a give lH*y* very remarkable pmiaTlies. 
What thrsr element* are is not always perfts'tly clear, 
for though Inventors often take Ihe trouble to lattetit 
certain mixture*, ami thi*retiy tell the world what 
me-tala are supposed to enter Into llielr alloy*. It doe* 
ni4 iM'eessaiily follow that all these metals are invari- 
ably ifc«*-d. or If n?**<l will Ih* font id lo Is* prewtil In the 
■Hajni on anaiysU. 

Among the metals that are frequently added In small 
•luuntltlra lo aluminium to pnuluee *|H<cLn| albtys may 



Is* mentioned nickel, manganese. Hiilcon, Inai. sudinm. 
ls?la«dutiL. chromium, tungsten, titanium, mereiiry, and 
imigiu*sliim. The la Iter element waa alio) «*d with 
alamlidnm Ibe first time nearly forty years ago, and 
forms the trgsla of the well-known alloy, maguallum. 
which, unlike uiimicrrsaful early magnesium alloys 
that contained a* mneti as in |s»r eent of tin* metal 
magiMwium, now eoutalns only aoim*thlng In the onler 
of l.tl per it'nf of uuignesluni, lt>e resultltig alb»y ladng 
n miH'h »»i|N-rior prtalucl. particularly when alloyed 
wllb about I |ier cent each of eo|ip(<r and nickel. 

AK AH UIMl M ! M,l.v!_ 

In fact, it has been sugLVf-nsl In a pa|a*r read before 
1he American Society of Aulmnoblle EnglraiTs that (Ih- 
use of imigualiam for the cylinder* ami pistons of 
Internal eoiiitiuatloh engine^ [a » prncllcal posslliiUly. 
and here we may remark that we know of the existence 
In Istnrtou of n small working Internal eouibuatlon in 
glue lhal Ls made entirely uf alloy aluminium with the 
exception of the crankshaft and Ihe flywheel. Besides 
the nliunlulum uuinguncac and aluminium rdtte nlloya. 
there are many otlw-r binary aHo>«. Ini-ludlng (he 
alnnifulum e<M»|H'r a«*ries and ibe aluminium nickel 
aariag, but at the prevent lime tlie tendency la undoubt- 
edly tow artl tbe to be v\ olved more <stDiplcx ulUiya 
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made ap primarily of aluminium, often as much as OC 
l*-r rout of this element tsdug iircsoni. the remaining 
S |«er cent containing small |>erc«utages of several 
metals There Is no doubt that this I. a step tu tbe 
right direction, though obviously an enormous amount 
of experimenting has to he done — inrtk-ularly when one 
la dealing with, as la often tbe case, four or (Ire metals 
In addition to aluminium — to determine the best |*s»- 
slble niliture to give the required results, and In tbta 
connection there may be mentioned a new coat|ilex alloy 
known a* mlrnllte, which npi«wr* to he suitable for 
ninny kimls of engineering work. 

wtac txuwtsio. 

tib-Vet In ptoiiorllons, respectively, of IKS par cent it ml 
I |M-r criil, with the addition of certain other rarer 



elements, haa proved to possess excellent casting prop- 
erties and to ba suitable for rolling and spinning, and 
even for drawing Into very tlo« wire, Aa a no wing Its 
non corrosive and untarolabable qualities, a large a* eft 
of the alloy was towed behind a steamship to N*w Zea- 
land and back, and proved on examination after atx 
luikiiths' submersion In the ara to hp aa clean In appear- 
ance aa when new. It appear* to resist the action of 
all acids, with the exception of hydrochloric, whlcb no 
aluminium alloy that lias ever been made, or in all 
acleuUflr pntliabllity ever can lie made, will withstand. 
The alloy, It la claimed, does not disintegrate even after 
considerable friction and shock, aa Is proved by the fact 
that a complete railway carriage equipped with alloy 
furniture and tHtlugs, after more than twelve mouths' 
i-onilnual use. and notwithstanding great vibration, Is 



still perfect in every particular. The tensile strength 
of a sample of tlw alkiy has been shown to be 12 to 11 
tons to the square lnclt, or 17 tons In ls-gago wire 
Its speclOe gravity la 2.82. whlcb compares with 2,'si 
for cast aluminium and M for cast cornier, so that It 
would appear to be nearly equal to aluminium In thi< 
rcrqaH-t. while much lighter tiian brass or German silver, 
At preaeut approximately IS per cent of the altunui 
liim outimt of the world la used far electrical imrnoses. 
and 00 per cent Is used In the motor Industry, lea vine 
only 20 |K-r cent for other punssies. It slioukl lie quite 
possible for the proportion as regards olber purposes tu 
be considerably Increased now tbul what nppeur to h» 
icenernlly aatlaflictory. though complex, alloys are belsj 

r«r l)ail v re/cpi-ana t tendon). 



Some Characteristics of Antivivisection Literature* 

Who are the Authors Quoted as Authorities by Antivivisectionists ? 
By Walter B. Cannon, A.M., M.D. 



Somk time ago 1 obtained from the four chief antl- 
iivL«siloii Msiettes of the country' copies of the pamph- 
lets and leaflets which they distribute widely to school 
tcuchers and clergymen awl other Influential but med 
ically uninstructed persons. For about two yean I 
have also collected lettera and articles whlcb have been 
published an the subject lu the dally press and In 
inagasities. This literature can be conaklcred with 
rcfi-rence eltlier to (he Justice of Its claims, or to the 
fullness of Its methods. For tbe present I wl«h to 
bold a consideration of Ihe merits of the controversy In 
a secondary position and to examine these accumu- 
lated writings as to some of the tactic* which they 
display. 

To go through this matter with patience la a diffi- 
cult task. Dreary Iterntlnn of the same opinions, the 
Mime "eminent authorities," the same tales, character- 
I H-s the society publications; and these publications, 
sent broadcast, are used 
examples and references by 
and journals. Surely this Is vain repetition, for any 



dress so often quoted was delivered In 1H71- I >•('*. four 
decades. According to the testimony of bis col leagues 



In antivivisection literature the opinions of the** 
persviM are preaeuted with no reference to the titer 

, of lb. 



can perceive that If the Identical namea and phrases 
niMt the identical Instances have to be continuously 
eited. the cause roust be short of both men and am- 
munition. 

One of the most Impressive exhibits which the anti- 
la the list of physicians whose 
i they quote- This list ts worth examining with 
some care. In doing so we should keep In mind that 
Mm- great victories of experimental medicine have come 
since 1SS0. and In largest number since ltSO; and 
furthermore, that this Illustrious period of medical 
history Is practically coincident with the use of anes- 
y, but In 



of the physicians whose opinions are quoted 
I long ago, others who hare passed 
tiway more recently rci-eircd their formal education in 
uu-dicine before the iwrlod I have Just mentioned. Of 
all the imnics cited the most renowned la that of 8lr 
Churl™ Bell, born In 1774 and dead some 70 years, 
known for his discovery of the distinct functions of the 
ilopiil ami ventral roots of 
study of the functions of the dfth and 
nerves. In each of these Important Investigations his 
limit isfoof was secured through experiments on ani- 
mals. His own description of his greatest discovery la 
as follow* : "On laying bare the roots of spinal Decree. 
I found that I could cut across the jiostcrlor fasciculus 
of a nerve which took Its origin from the posterior por- 
tion of the sHnal marrow without convulsing the 
muwlen of the back, but that, on tombing the nnterlor 
fasciculus with the point of a knife, the muscles of 
the back were Immediately con raised." On this ex- 
periment, done a hundred yean ago. nearly forty yearn 
before Ihe use of general nivesthcsln, his Cnrae rests. 
To quote him to-day as optioned to the it-c of the exia-rl- 
tnental nwtlKsl Is. under tbe circumstance*, not only a 
of his own 



Another name which, like the wonls t.r lluiupty 
liumpty. ought to lie i«hl extra because ho tinit-h over 
Korku], l>- thnt of Henry J. Illgclow. He was Imrn irj 
years ago. and has boon dead for -£l years. The ad- 



• l-.iaiiihl.t III. I-"\xmI liy the OubcII Intense of Melt 
r-«| ltcraar.li nf tlw American llcillcaj Ak.,.. Imlon, reiiuVIUhxl 
^> permlislnn of tlic AM,i>rlstl«n 

'Tlw X.» BMlaOil (Hasten!, th* New V.-r» I N.w T..lk 
.llyl- IV* Amerlrsa trtill»VleW:i». Jail tlie VIvlM-.l^.r, 11^ 
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were apparently baaed on what he bad seen at the 
veterinary school at Alfort. France. In the pre-aues- 
tbeala days, and be had not controlled these early tm- 
presalons by any experience in a modem laboratory. 
A clnrni associate has tcstldsd thnt during the last 
years of Dr. Blgelow's life lie never beard bun say a 
word against animal experimentation,' Furthermore, 
III a letter which has been I title noticed Dr. Blgelow 
sharply to the lack of discrimination 
Tbe confounding of a 
vivisection," he wrote, "and ail experiment wtuVh does 
not cause pain, either because tbe animal Is under 
ether, or because the experiment Itself Is painless, like 
those pertaining to tbe action of most drugs, or be- 
cause it la a trivial one and gives little suffering, has 



yet Dr. Blgelow Is continually cited aa a famous sur- 
geon who was ojtpospd to experiments on animals. 

One other medical name appearing again and again 
In antivivisection writings Is tawson Talt (horn lSi,1, 
died l(8i0). He has been described by a competent and 
trustworthy surgeon as a "man of wild statements.''" 
Certainly that characterlxatlon Is Justified by Tnlt's 
promise that if he could get enough disease genus he 
would gladly us* tbem as dressings for surgical wounds, 
and also by his absurd denunciation of Koch. Paateur 
and I.lstor, the lenders of modern medicine, as men 
who had "not only hindered true progress, but covered 
tbe profession with ridicule." This extraordinary atti- 
tude, tugether with hlB opposition to the use of animals 
for medical research. Is perhaps explained by a line In 
tbe sketch of his life t Tie enjoyed being In a 
und this led him to champion many lost causes."" 

Other physicians whose opinions are quoted are of 
less note. There Is Dr. Charles Clay. iKirn In 1801. 
'Interested In geology and archeology and collector of 
fossils." There is Dr. Charles Bpoouer. I airu lu 1808. 
veterinary surgeon. There Is Dr. John Klllotaon. horn 
In 1701. who alarmed kin colleagues by 
extravagantly large doses of siiiniosedly 
medicines; nlso meamertnt, and founder of a 
hospital. There Is Dr. J. K. Garretson born M years 
ago, and Dr. Elizabeth Blackwelt, bom S3 years ago. 
There Is Mr William Fcrginson. M.D.. born more than 
a century since, said to be Ill-advised In some expres- 
sions of opinion, "especially In matters requiring more 
knowledge of physiology and hygiene tluiu he 
aossod" There Is Churles llell-Tuylor (died In 1UU0. 
aged NJ), who originated tbe widely quoted sentence. 
"I'aMenr does Dot cure hydrcpbubla. he gives It and 
who, Ignoring our great debt to iinuixnls for tbe medi- 
cines that Induce sleep, for all tbose that give us local 
freedom from pain, for pliyaostlgmln. amyl nitrite, 
epliicpkrlu. and many others, told his antivivisection 
ndlnlrers I list experiments oil nuimula have yielded us 
no knowledge of drugs. There Is 81r Richard Owen. 
M.P.. comparative anatomist and xouloglst, bora In 
lsin, There Is Dr. John Aberoethy. wbo died In 1831. 
There Is Dr. J. J. (larth Wilkinson, liont a century past, 
holder of an hon-trary M D, degree, poet, mystic, ex- 
IswILir nisi eilll.tr of Swrdcnhorg, author of "ImpruvL 
sa!i.m* of the Spirit, " -|*1s and IKIrls lu the Hook of 
H.splmtl.,11."' 

iu..i„n. inns. pp. is. U. 




The Ingenuous render takes his 
of the pamphlet thnt they are "men of the 
cmlncmst among the vast number of 
surgeons wbo have opisjsed vlvUrctlon, 
how doctors can so profoundly disagree. 

Among the living medical uk-ii quoted by the anil 
vlvlsecUoulsts, Kir Frederick Treves Is most promi- 
In ia*i he 



Ihe dog had done little but onflt him to deal with the 
human Intestine- This was. of course, merely lik 
IKtrsonal experience, anil can readily be offset by that 
of other experienced surgeons who testify to tbe exact 
opposite. Indeed, there la probably no field of surgical 

perimrats than that of the gnstro-tntestlual tract. Wi 
Frederick »»» quick to isdnt out the fnl« tmvillexiyv 
placed ou his remarks. 

Those who are familiar with the eiNitrorerslal me!tt 
oils of the antivivisection isjrty," be wrote, "will nit 
be sunirlsed that certain of my remarks hare hew 
cunningly Isolated from the context, and hare hem 
used lu advertisements, pamphlets, and apeechrt, \i 
condemn all vivisection exoerlracnts aa nselesw. TV 
fallacy of vivisection can hardly be said to be estab- 
lished by tbe failure of a solitary series of operation* 
dealing with one smtill branch of laractlcal surgery. ^ l 
one la more keenly aware than I am of the great bene 
Ota conferred on suffering humanity by certain re 
searches carried out by means of vivisection.'* 

That was written more than eleven years ago, yi 
arcvi-s still continues to be quoted as another of thi 
eminent surgeons who have opjsssed vivisection. 

What I have been able to learn nbnut tbe other h'- 
lug "physicians and surgeons of greatest eminence.' 
quoted as btsttUe to experiments on animals, has conn 
nuitnly from the publication. "Wlio's Who," Sla" 



I should not be accused of employing tbe last resort o[ 
a losing advocate, tbe abuse of the opposing coaiwi. I- 
I quote what these persons say about themselves. I" 
Arabella Keneully sets herself dowu aa novelist aad 
contributor to magazines, author of "Molly and H<l 
Blau of War," "Some Men are Such Uentlemen." anil 
other volumes. Dr. W. Gordon Stables describes hlu) 
-<-\t as novelist, jt.urn«ii«t. professional writer for !* 
-v.ars. author of i:m tss.ks with serial novels; "In tf 
Dashing Days of Old" and "The PlratW Odd" an 
cited aa examples. Dr. W. It. tladwcn, secret"" 
of the UrltUh Union for Ihe Atwlltlon of Vtvlaectvi" 
public advocate of Ihe reiienl of the Vaccination A'l" 
anil tbe prohibition of exra>rlnicnts on animals, is ci- 
gaged In reform movements relating to temper.uxx' 
f.«l. hygh-ue. sniUUtton. «ti»catton, and bnrlnl Is"'- 
be Dnda Ills recreation In changing bin occupation, ft 
Kdwnrd Berdoc, born 77 years ago, reports himself s* 
a writer: author of Browning studies, "Browolmt s* 1 
tlie Christian Faith." "A Browning IMmcr." "Tlx 
Browning Enryfionodln." "The Hlogitiphlcnl and Dl»- 
torii-al N'oli-s to Browning's Cointdete Works." aad «' 
; also editor of the •/s»phllW." '* 
u lawyer, and senior physician 
Ihe Lady Margaret Fruitarian Hospital. stroM »•"" 
.ate of tbe fruitarian diet: Miliar of 'Flesh Eatl" 
as a Caitse of t'cnsnrnjitlon," "Itiilchery ani I'' 
Horrors." and other n-luiiie*. Dr. J. D. Hock- 



y«ir» old, prosklent of tbe Thcosophlinl society 
• I'l.e l,m>., Uwalsa. Aa/ll lata. 1*0*. 
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Ohio. author of "Nature and Alms of Tbeosophy." 
"Mystic Masonry," "Why 1 Am a Tbcesophlst" Dr. 
Stephen Towoseud, novelist, surgeon, aud actor, on 
the stage for years, playing prominent role* lo "Sowing 
the Wind." "Slave* of the Ktn«,- "Black Tulip, - awl 
. the 11* of "eminent'' 
(losed vivisection, 
whom I hare own able to And nny characterisation 
whatever, the real are nut of sufficient Importance to 
be mentioned In nny of the dictionaries or eyrJotssdlaa 
of biography that I bate searched through for Informs- 
lion. And thin 1> the urruT of medical experts who 
Have denounced the method of Investigation whir*, ac- 
cording to Osier, "did more In the half -century between 
1MO aDd 11(00, to emancipate medicine from the routine 
and thraldom of authority than all the work of all 
the physicians from the dayH of Hippocrates to Jenner." 
1 do not wish to Imply that unless a physician doea 
but practise medicine his opinions on medical 
■ are of little value. But wben a person with a 
medical decree denounces the anatoxin treatment of 
diphtheria. I am Interested to 
that peraou In 
another declares that the cruelty of cxperinn-nlallHm 
I* "horrible to contemplate," I am better able to value 
bis words when 1 know that Instead of "contemplat- 
ing." he ha* for '24 years been Industriously writing 
and hat) now lo his credit nearly seven -see re volume*. 
A third expert who declares experiments on animals 
useless aud unsclenllflc, I understand better wben I 11 ml 
rhat he Ik a professional agitator, working for the 
iilHiUttmi of vivisection aiwl for tbe destruction of com- 
munity harriers against *xna!l<pox. The sounding 
rhrawx. "rasteurtan quackery," "antitoxin nostrum," 
"vivisection f<iunded on cruelty, supported by talse- 
I for selfish ends," hnve lew elgnlll- 
> I realize that they are tbe expression of an 
» devoted hi" life to studying, anno- 
; Browning's poetry. Again. In read- 
loe the grotesque exuberance of the fruitarian lawyer, 
that "vivisection bikes no note of pain: Its spirit is 
not bcallug, but killing; Its object Is not to rslloTc 
IMilii In the victim, but to cause It"— I wonder Id pre- 
cisely what way fniitarlanlsm and the law have given 



of repeated Interpolations, mistranslation*, and garbled, 
inaccurate accounts of cx|s*rlmciits Ijt a single antl- 
vivisection publication. What was the effect? To 
what degree have 13 years been sufficient for tbe de- 
velopment, la nntirlrlsectlonUts, of respect for the 



And finally, when tile 
propagandist, past his threescore years and ten. unites 
with the actor-novellat-plnywrlght In declaring that 
"scientifically" ex|ierimrnrs on unlmals are useless, I 
have A bants for seriously suspecting that they are 
not trained to Judge these matters scientifically. 

If now we examine this list, we And that It la made 
up of persons ln«iit-»lnce quick, or loitg-stnoc dead, 
jN-rsrm* who hare not been opposed to vivisection In 
i>ny unqualified sense, persona whose eminence In litera- 
ture nnd art was the only eminence they possesacd. and 
iHTHoiig ao ob-s-ure as not to be noticed In any manner 
whatever, cxrrfit In the paces of an antlrlvisectlan 



revealed the reactionaries, tbe great marvel Is that 
there are uot medical men of real prominence who will 
sujtfMjrt the antliivlaectJon cause. Rut If "among the 
vast number of physicians and surgeons who hnve o|>- 
posed vivisection," those we have Just Investigated are 
"of greatest eminence," surely tl 
ment Is Insignificant. 



r>-<pectahlc qnaliln'sttnns for testifying will not. I be- 
Ucw. cause Ihe anllvlvlsectlonlMts to withdraw either 
Hie names or the o|>inion« of these men from circula- 
tion. Sir Frederick Treves called attentloa to tbvlr 
iidroit misuse of his remarks more than cleren years 
ago. Instead of respectlug his expression of direct 

log htm as an opponent of vivisection. The ignoring 
<>f Treves'* correction Is a thoroughly characteristic 
maneuver on the port of the agitators. Other examples 
lire numerous. Coojiueutlng on an experiment by Dr. 
II. I'. Rowdlteh. In which tbe perlpbrrnl end of n nerve, 
which had lieeii severed uixlcr etlker, was stimulated. 
Mr. I*. Pcahody stated: "It will he readily aoen, even 
l.y the casual reader, thnt It Involves an amount of 
hlch science Is unable to go and to ap- 
to which ts Impossible except by a person 
who has devoted lmig years to the study of nerves." 
Eighteen years hare passed since Dr. Howdltch platnly 
ixilntcd nut the utter absurdity uf tbe assumption that 
even tbe slightest pain conld have been inflicted by 
stimulating a piece of nerve xemrated from the central 
and yet tbe New 



-lander, 

Thlrt«-n years ago l>r. W. W. Keen," in a paper of 
admlrshle simplicity and directness, laid hnre Instances 

•rwwahiraitnna of tt 
1SWI. p 4* 



In a pamphlet now being circulated I Ural mentioned 
Dr. Berkley's observations on tbe effeeta of administer- 
ing thyroid extract to Insane patients. Although Dr. 
Keen showed that tbe therapeutic use of thyroid 
extract varies between 10 nnd no grains per diem, and 
that Dr. Berkley's maximum dose was only 15 grains 



animal was a young cat, to perfectly normal health, 
manifesting lis natural playfulness. 

r'riMfl tl*** specimen* of persistent disregard of fair 
trenUucut, when can we expect that mbvstabements niwl 
evasions, even If publicly exposed, will be withdrawn? 
Two years are evidently not enough for the antlvlvi- 
scctloiiist* to manifest this sense of honor, nor are tea 
years, nor fifteen. I have cited Instances til their 
literature, instancm of grossly garbled deacripUons of 
the work of medical men. the inaccuracies In which 
lure been clearly demonstrated for these long Inter- 
vals, without, however, any sign of a tendency on the 
part of the prevaricators to 



tbe toxic effeeta of tbeae small doses In 
tbe beneficial effect In others, but declares that 
In*. Berkley was "poisoning" bis patients. It goes on 
to state • "Two patients became f re us led, aod of these 
one died before the excitement had subsided." In the 
original Ihe sentence ts completed by the words, "the 
immediate eanse of the exitus being an acute dissemi- 
nated tuberculosis." The absurdity of attributing death 
by galloping cobsumptlon to thyroid tablets, which had 
not been given anyhow for seven weeks, was dearly 
explained by Dr. Keen more than a decade ago. Be 
did not emphasise the wrong dono to Dr. Berkley by 
the crafty mutilation of a sentence. Of course, a 
decent seme of honor would hnre Impelled an Instant 
correction of this wrong, yet the nntlrlvlsecclontets 
have continued these 1.1 years to 
public without any movln 
Imposture Involved a man's good name. 

Another statement In the pamphlet Is a« follows: 
"Dr. A. IX. Weutworth, senior assistant physician to 
"Hie Infanta' Hospital,' Boston, made forty-five rlvl- 
soctlohs. tapping the spinal canals of children, many 
of whom died " Unless the writer of this statement 
Intended to Ultimate that there win u connection be- 
tween the death of the children and the tapping of the 
spinal canal, the statement la without significance In 
an antlrlrlsectlon publication. A careful reading of 
Dr. Wentworth's paper shows that the tapping of the 
canal, which Is now (though It was not then) a com- 
mon routine procedure, had no lutrmfol effects what- 
ever. To be rare, some of the children died later, but 
In every fatal Instance the cause of death, 
no relation to the o|>eratUia. wan definitely 
nnd stated. All these facts Dr. Keen pointed out 18 
years ago. What was tbe result? Tbe story with Its 
evil Insinuation Is still circulated everywhere by tbe 
nntivlviseetlonuts, agnln wltlHH.it any observable re- 
Npect for the facts, or regard for an honorable reputa- 
tion. Kren this exhibition of hostility has not proved 
a sufficient outlet for anllrlvlscctlan feeling, for in tb< 
Journal of Zonphllv. April, 1010, p. 44, Dr. Wentworth 
Is referred to as baring rxis-runeutcd "on between 
forty and fifty little children in the -Children's Hospital' 
of that city (Boston) ercry one of tchom died after 
tile performance of his operation," 

HIT years have inssed since tlie attention of offi- 
cers of the New Tor It Antirlvlsectlon Society was called 
to the fact (hat by su|-prrs»lng mention of anesthetics 
tnexisrrimentsthr^desrTlbed, they were giving a wholly 
false Impression of tbe way In which these experi- 
ment* were conducted. Agnln, several years ago. Itr. 
F. 8. Lee Indicated In a public letter 0 that tbe society. 
In tqiUe of having bad a full year in which to correct 
these misrepresentations, was iDtent on Its policy of 
deluding the public I have recently had occasion to 
examine again the pamphlets which tbe society Is 
distributing ; the misrepreacututliMi* were still there, un- 
changed-" Details of cftcrutlonx by Dr W. 8. Hslsted 
are quoted, and although Ihe original noeount expressly 
slated that anesthetics were employed, the pamphlet 
doc* not even auggest them. Selection* taken here and 
there from Dr. G. W. Crile'a report of bis experiments 
on aurglcsl shock are presented, again with no Intima- 
tion of anesthesia ; and this ui spite of Dr. erne's print- 
ed statement thnt "In all cases tbe animals were 
ancsthetlwri," and also In spite of the testlm<my of Dr. 
F. W. OiHslbcsly*' and of Sir Victor ■loraley" (In wbow 
laboratory, under the KuglUh antirlvlsectlon law. much 
«if tbe work was done) that the animals, though some- 
times exhibiting reflexes, were completely Insensible 



The society furthermore continues to 
one can only imagine "bow Intense tbe suffering," 
which caused a cat at the Rockefeller Imtitute to 
"•T-fiMl the day Jumping on and off tbe furniture." when 
In fact, as Dr. Osrret explained 5 years ago, the 

" Mew Tor* Brnixe «ss, March Ulh. 1»00\ " 
••TI1...0 pmlillcslloss, wWch eontsla abo ton lUtiuaU 
•Ht Dr Weatwartb snd Or. Barkis; stove aMstlssed. wire 
sent la a frleail t.f mine is NoveaaW. 1P10. with s letter 
frnm tKe preslilcat of the New York Antlvlvlaci-tlaa Society 
prnelalmlag. mlth refnraa,-* ta the rstnpnlrr* - "You bmj rely 
thefn ma te-jng »h«rtlutrly atcarate asn autlientti " 
• l>nul»» Tiato, Hatch l.llh, lOOS 

••Mlaats. of Kvldeare, Basil* Raral CVhu«1»Ui, Vlvi 



proved that the false story once well told, need not be 
withdrawn or altered, even If Its falsity has been ex- 
posed, for that part of the public that likes to be hum- 
bugged b ready to read and listen and yield Its humble 
credence, 

The fundamental wrong committed by the aiitivivi- 
sectlonista In their agitation against medical research 
is tbe presentation of a misleading Issue. They deny 
that any utility has come from animal experimentation, 
they describe tbe experiments as horrible tortaring of 
dumb brutes, aud then they ask If this futile cruelty 
shall be permitted to go oo. If this really were the 




la opposed to cruel ty ; 
at the thought of 
It la fur this reason that tbe picture 
of tbe fastened dog makes surh a powerful appeal. 
But this Is uot tbe whole story. As I have pointed nut 
elsewhere. It would be as fair to display a iilcture of 
Oreufell fighting his faithful dogs and stabbing them 
to death, labeled "Is this the way to treat your pets?" 
as it b to represent animal experimentation without 
Its motives and without Its triumphs. Grenfell. In bis 
atrugglc on tbe Ice-pan, stabbed his dogs* to save his 
own life, und every man with common sense commendn 
the bravery, the resourcefulness and the proper sense 
of values of this inbwiouary hero. That is what any 
worthy man who sees straight would try to do if he 



of lower animals. PTedsely that la Uie last 
the investigators see. And they know also that by 
tbe Mcrirlce of some nntmuta the chance of life aud 
health for mankind and for myriads of other nnlmuls 
as well, has been enormously enlarged. Bead the Arti- 
cle*, written recently by eiperta In the several fields, 
telling the relation uf animal cxperimentatioo to the 
treatment of diphtheria and tetanus, to meningitis. 

fever, to plagues, tiihrrculosU, syphilis, to the disturb- 
ances of Internal secretions, to oar knowledge of the 
action of drugs, to surgical technic to childbirth, to 
hygiene and preventive medicine — read these article* 1 * 
and learn what the animals have done for their fellow 
creatures. Just because they have rendered such 1m- 



Of the animal thus used Prof. WUllntu . 
ten with Illuminating insight: 'If his poor, benighted 
mind conld only be made to catch a glimpse of the 
human intentions, all that U heroic in hini would 
religiously acquiesce."" 

Re fa re the antlvivbiectlonlsts can command tbe re- 
spectful attention of Intelligent people they must fuoiln 
mentally change their tactics. They must clenr their 
literature of tbe anachronistic hostility of men long 
since dead, men who bad oo conception of the merciful 
procedure* of modern experimentation, ihit of its Ufe- 
glvlng results. They must rid their publications of the 
testimony of spurious experta wbuse reinitatliMis were 
made In literature, art or theology, and not In the 
service of heulliut. They must purge their propaganda 
of I lie fraud and trickery and evil Insinuation that 
have for years characlerlned It. Aod I may perhaiw 
he i>ermlUeil to suggest that the process of making 
their methods clean and their ways straight Involves 
paying some respect to tbe high imnsue of biologic 
invcxtigatlon and Its beneficent achievements for human 
welfare, which together give meaning and sanction to 
the experimental use of animal*. 



The Rxplasloa w c.f a Balloon. — The explosion of a 
spberiesj balloon is an accident which is fortunately of 
rare oeeurrenea. Much damage was caused by the 
explosion of the balloon beloturlna; to the well-known 
aeronaut Leprinoe at Rpenuty. Francs. Starting on a 
flight at 5 o'clock P. M., from a pubUo square, a gust of 
wind drove it against a tree, causing a rent in the ballooii, 
ami it then egplodod. possibly from the pnewinee of a 
smoker in tbe crowd. No less than 25 persons were 
wounded by the explosion, including the aeronaut, be 
no doubt fatally. 



MJo-nWI. veilfrrJ T. : A Voyage oa a fan of Ire. !la»ton. 




.Iworlattea, e'hlrace 
New York. 18» 
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Controlling Ships' Engines Directly from the Bridge 

Mechanism Which Places the Control into the Captain's Hand 



No out ri Ibe greatest tllvt-nctunt* from accepted mu- 
rine standard mid pru. i l.-.- In the original Installation 
In Mil' 'Weplniie."' wn« in Ihe utethisl of control of thi* 
turbines, thry ts'lng under 1 1 control of (he nuvigiitor 
im Hie Irfldge. ** well a* from Mir starting platform. 
To marine engineer* him) hir. ig;it. i*, >i- It uu tnmiur 

lion pn.lw.lil> uppeitri'd «>-.-ar) and ftinlaHHc, and 

Ifw great n atep aside fmio the trodden |Mtlb lo l*» 
Hifvl.v employed; ami tluit *wU feeling existed, mid 
pmUihlv still exist a In tin- minds of smac engineers. U 
shown by the hostile criticism of the bridge control. 

I (nwever, u fter t bt* t rials of (be "Nepl nne** mid 
iimhiIIw of arrvtee, thr bridge control has shown itself 
lo In* absolutely reliable, and after becoming accus- 

I to it, • h having experience with It have romv 

(o uHe tt Id preference to tlie ordinary engine roooi tele- 
graph which was, of emirsc. a part of the "XrutuurV 
equipment. 

I Miring l In- service of the "Neptune,'' u uumhrr of 
occasion* a roue In which the advantages "f the bridge 
control were shown In tt very striking manner. This 
In brought out In tbe repnrt of Lieut. W. w. Kuiltb, 
I'. S. -V, who w an hi charge of Ihe "Neptune's" ran 
ctilnecy, nnd from which wo quote aa follows; 

"Tlie bridge stallou has been used In steaming. In 
going alongside ship*, and In docking. While steaming 
It require* prnel i< albj uu at ten Unit, aw (lie regulation la 
nntnniiitlr. Thr *ra**d ha* been regulated accurately, 
but not a*i accurately as desired, t'nforlunately there 
ban been no opportunity for steaming In formation, but 
I have no doubt of the suitability of tbe control »ya- 
tern for thin puristse. In maneuvering. In coming to 
niMhor. going almigslde. etc, the regular bridge detail 
baa handled the turbine* without dlfftcuHy. In this 
connection attention In Invited to the fact that none or 
Ihe ibt'k officers are experienced In engineering. In 
fact, they have no knowledge of It. If men of thl* ty|a» 
mil aw I lie bridge control, there should lw no difficult) 
mi a naval rwaarl. In maneuvering, the control sear 
ha* oja-rafrd KatUfnctorlly. Ttie Indicator* show tin* 
otwratnr what the turbine* are aet to do. and wluit tbey 
lire doing, tint;*-* *«how the air ami ffteauo preeanre 
uvnilablr. The enm**: and indlcalon* luive iqiecliil dlali* 
Kit that the IndU'albmM nin U- umlor*itoiMl by an un- 
trained man. With IIiIh control fteiir. It Ik ait eun> for 
oim> man to operatr tbe cnfrlnr* of a hiirtte*hlp iik It la 
to run an automHdU*. 

"I 'nder aervlre ruiMlltlona, there U a -avlni: In time 
iu ti|>^ralluic from tin- brldite of from - lu (I Necmida, 
wbleli depends prliiriiailly im the eiurhu* n«im oprrator. 
I'nder te*4 comlltlima, i»f eotirw*, thin woubl la* U-*h. To 
llw iWWrrr mi tlw bridge. It given eonfldetiee to kmiw 
that tlie propellera are entirely under hU c*mtrol, that 
the control gear otarateM cpilckly ami exnetly the aame 
eaeh time, There fx no doubt an to whether thr slgiuil 
Ik being aurm'orcd tinajafrlj ami promptly. There 1* no 
one over wlmm he tun io» eontrol to am* dl>erH|on lo 
keep the Htenm U|» when tbe atrip U 111 a daugerou* h»- 
hUIou- In en«r of emergenry, the oIRmt on tbe bridge 
ran l«e**t decide whether It bs beat to a* re riteaut or avert 
n colliidniL 

In two limtaneea It wati neceattary to Increaw Hie 
ftpred aiKldenly to avoid ^dlbdoiL The tMcani preMun" 
dropr«*d very low and aooie of tbe atixlltartea were 
atHJiit to Htnft. Tbe engineer protected vlguroniily 
agnlnxt wuch nnwlae operation. He. not knowing the 
danger, would probably bare eaaed tip to save nteani. 
and e«dlt*|nn would have rwnlted. 

"fbirlng "iw* voyage the pnifadlen* eaim* mit of water 
mo that exeewtve racing would hare ■•rciirred with ordl- 
UIJ nmciilnery. MomI of the time Ihev came half wn> 
out, and frequently they came practically all the way 
out. Owing to the aelloit of Ibe governing uteennnbun. 
riictng wax prevent etl. Tbe iqiccri Incri'ttaed and dr 
creawed HllgliH.v— nbont 4 per cenl eoihiMted. The tur- 
blne Inlet valve* were mjNiring and cloning mittlnumisly, 
and at It nice I hey were entirely cloned, Qnlck<<[*T 
■ ting valve* an* neeemsa ry in effeellvely prevent raring. 
Thl«« feature of the control »y»ttem U of Importamv Iw- 
cjiu<h» It wilt enable a Yc«ac1 to -ten m at eonablerable 
>|M^t1 In heavy weather. 

"After being modified, the control wyHtrin bait been 
thoroughly reliable. Kven If the bridge control nhould 
fall. Il only re>pi|n*M a few aeOBDdH Hi chance lo Ibe 
engine room. TbU feature Imih Iw^-n fretpiently te«liit 
ami found wall" factory. However, with Hm* Improve 
mrutA nhbb will lie made In tt crop hi nee with tbe ex- 
nerb'VHi* gained with thU. the ttrM IHttBillWh 1 am 

» fW aa aeramil of ih* niarhit» ri »f ih*- ' Nrpomc." are 
"nmTirc AHllKlH Hi nt . , - Mr,- ::or 1914. page 
IM, aod Jum 20th, 1114. page SOT 



omvliicvtl (hat •tia*raltoti frmu tbe bridge will be ah*o- 
lulely |«oHlllve ami reliable umb*r all euiMlMtona. In m> 
o|dnbm. It will In* more reliable than tbe telegraph 
although the latter It good In HiIh re*|te<i. A* llw* gen- 
eral principle* im- ttie *«mc. there la no reaami why II 
hhould not be an reliable as lite air brake, or even more 
not an the wrvln* U MM aevere." 

Tbe uiedJiiin umil for tranmnlttliig to tin* eiigtin* pknii 
the movenkeutM of the control handle mi the bridge, U 
air, and Hm* actual o|<rratlon of the relu>» moving the 
n tea m ralre. U effect eil by oil. 

A ribignimmiirlc nrrangemetit of Hie operating pari* 
of the control sytiteni. LiK-ludfng the bridge valve and 
steam uoxzle ralvca, In nhown tn Fig. t. Am will be 
aeen from eiumlnlng tbe left-liaud purt of the Illustra- 
tion, tbe bridge control lever i>' in mora tile In two quad- 
ranta ,1' and V with an otTaet ft' i mm II el to the avis 
of UMivemiiit. 

WlH'tt the control lever /»' In at IT both the abend 
and aMtrni mntxlifi are clusrtL The operating handle 
h' turnw a hhan carrying a cam A." which liaa i>reaaeil 
agaliiNt It the (mint of a amnll valre /". The valve /'* 
ts bidlow and rlimrd at both end*, and ban two aeta of 




Kridge control tdarnt. 

tNirtH, W iiimI it', Ibe former ulwayw tN'tng In cotnmuub 
ration with th** *anjree of high prr».i.ure air xiiindy t fur- 
iil>hed by u Mtamlard Wesltugliouw* air brake eonipnn 
Nf), ami the bitter having itw edge to tbe extreme left. 
Jimt line In line with the porln /' In the pnetou L\ The 
end of the plunger valve t" U line III lino with left- 
hand tilge of the pwli V. A xmall ccpring K' within 
the piston /.' Is provided to maintain a positive contact 
ttetwreli Hie point of tbe plunger F" and tbe earn hT, thn* 
fixing the position of the plunger f" by lta point of con- 
tact with the cam K'. Tbe moiemetit of the pUton 
to Ibe left la resisted by the spring \\ The annce J' to 
the right of the ptstnu // communicate* n p.b a|tace V" 
iNHweeii two dbiphmemK rV' ft' ami thr apace to the lefl 
of the piston V communicate* with Ibe atmosphere. A 
Cominiiulcnllon to thr paNsnge within the piston /,' to 
atmosphere Is prmldrd tn the p« ru If'. 

Ttie dlapbrnmis control two valves 7* and ( '. 

the former eotitroltlrtg an o]N*nlng to atmosphere, and 
Ibe latter an owning to thr sourer of high pressure air 
«-iiiHjdy. Th** siinces H' H' are connected by a namnge. so 
Ibat tbe prvssarr In tbem Is nlu-nis eipuil. The space 
***** mmmunhwle* either with the aland or Ihe aHtrni 
•iterating relay In the rngitie room. 

Ttir fiun t Ion of the bridge eoitlrol nilve Just dV*- 
■s'fltasl Ih -hnpl> to miilululn a |*rcdetrrmliM*d etmstant 
pressure In the air relay chattuVr, and this In accom- 
Pll-io-l uh follows, with the npiHiriitus Just de^cribed. 

Wbeti tbe (ever /*' U movisl front ll- eenlrnl |M«dtloii. 
tV lii Hie ahfad uuiidmul A', the cam K* |m»he» Ihe 
valve f ti» the left, thcret.v brtnglut; the |-.rt //' Into 
comiuuiilnilloii with Hie |s>rl /' hi tbe pinion /,' Tbis 



admits hlgli pre<«.iiri> air Into ibe sjsice J\ and nuts- 
«iuetill> t>'. As (be prtHWUfe In the x|i«i*e 4' IncreaM-t 
It will qiilrkly force the pUlmi /.' lo the left, uutll tbe 
right baud edge of the (sud V cuts off rommiinlealbni 
with the port II', or should there In* leakage, ll *a|I 
take a |amltluli surti thai the o|**uliig tbnmgti Hie p ■ri- 
ll ' ami f would be Just large enough to |ih*» suDlclem 
il tr to make Up for the leakage mid maintain a eot> 
slant prrsaure In l lie spnee J'. 

Hliice normally the apaccs to >" are at atuMNtphcrtc 
preaanre, when thr pressure between them III the spao* 
V la Increased, tlie diaphragms are f- treed oulward. 
chisttig the valve V and opening the valve /", thus h>! 
milting high pmwure Into tbe ataiee. W ti' until the 
pre*iMire In the latter la equalised with the pressure U< 
tbe spa<*e V*. Hiu> bringing Ibe dlaidiragma back to 
their normal ihsjIHoii. |<eriiiltHng the naive V to M*at 
and thus cut off the au|iply of high pressure air. TV 
pressure exUllng In the a|uice W la transmitted tn the 
siniee f to the left of Ibe air relay chamber In Hm 
engine room. 

Aa in the easr with Ibe piston // and Hie porta /' hihI 
U\ should there Is* leakage In tbe piping system coai 
muuleattng with the apace H\ the diaphragm* H' H' will 
Is* dlstrnded slightly, thus holding the ralve V* open 
sutlk'lmll> Is make up tbe leakage ami maintain con 
slant pressure. Otinrerarli*. It bt evident tluit If Ibr 
pressure Iu tbe space J' ahouht liwrease aUere that pr* 
dcti<riiilitei] for a given posltloti of Ibe pLstou f, lie 
Idsluu /' will move to tbe left, ami o(s*n <*ommankra 
tbm iNttwmi tbe Kjinee J' ami tbe Inilde of tbe laataii 
I.'. Ihua exbimstlng air from the sjaier J' to atmoaptH-rr 
through Hm* port If'. ThU condition alsi» arlseH when 
o|s<rallng lever /*' Is iuoviiI toward Ibe off or ceiiln* 
iNxdtlon, which iiermlls the movement of the valve f" 
to the right. In tbe latter case tbe pressure in lis* 
space if' «lll Is* i1.h-phh.mI ai.d tssimie b*»« than lb- 
pressure In the spucrs 0 causing the dlaphnigivs 
H' fi' to t otlap-** and u|ieti the valve T* to atwsHaVnr 
until Ibe pressure In thr aimers toW li dis-re«sfd \u 
HmI Iu Hm- >pw V* 

When Hie CtHltnl b*ner It |fl to Is* moved to lb* 
nstrni ptsdthin. It Is iiecr*wiry lo move It 111 tlie dtrsr 
Hon of IIm axla of rotation In the slot tl'. When tin- 
is doi«\ and ami It", hehl tN*tweeil two collar* i«i the 
cam shaft, moves, tlie small slide ralve A' lo Hm* rit:h' 
aud brings Hie pli** 7' l<* the astern air relay ryilmbi 
Into <*ommunloation with sjanv K*. and the pipe Z" In'' 
communication with the almit-idierlc exhauat. 

Tnm tbe atstve It will be aeen (but it 1* lm|M*».ll<lr 
for Ibe (Iterator to become eonfiiNed and nceldentalV 
iimm'c Ibe control lever In the wrong direction, or try 
put It In both the ahead and ualern position at the 
same time, as ll U ut*ce-«tir) lo tin»ve the coniP'lluu 
lever sideways l<rfore It can Is* moved from nm tKisflhiL 
lo the other. 

The governor, wbleb control* llw s|N*cd of rotation at 
thr turbine shaft, I- shown on the right of the dii 
irranuiuitM' skrleh. Klg. 1. Aa, will Ik* seen. It la or the 
exNuimm fly-bull typr. ntwt Is driven through Ihe tat 
blur Mm ft by it n orm ami wheel />. The only ni"*- 
able part of tbe governor Is the holbin- splikdle It. h* % 
lug Ibe ports V and // In II. Thr movement of tb« 
wplndle It U restrietnl by a illuphrngm K to which It **■ 
uttachevl. Tlie upper side of Ihe diaphragm t» ojam 
atwoaadiere. and the space below O U tilled with oil 

High preaatire oil at about *n i - T - gage per sqimrr 

Inch Is admlltrd to Ibe re»ol»lng .tpinrite B through 1^ 
(sirta A, 

When Ha- iMveriMir Kjdndk* U revolved by the turblae 
gtunft, the U.iiv u 1/ are thrown outward by eentrifuoil 
force, thus inillliig Hm* -piudle It downward agaln*J thr 
resist it nee of the diaphragm A'. ois*nlng conimiiiriealho 
llirougb Hm* |Mirt // In the spindle, and / in lU 
>ptudle bushing, to Ibe space fl, thr hitter commattwat 
lug through a port f. to a pipe connected to tbe sparr 
\ of the air cylinder relay. 

Aa Ibe pressure In Ibe s|«ce ft, N'low Ibe dUpbrnt-'u 
A", incrrases. ll resists the downward Ihrost of tbe *T*° 
die H. due the centrifugal anion on the gwernrr 
weight* until thr upward pressure on tbe dlaphragn 
exaetl) lsilnm < e« the downward thrust of thr apaiMlb* 
Ihu* (•ermiliing Ihe upward movement of the splnilV 1' 
by the elasticity of the diaphragm hi until Hie e»i 
muulctilfon through Ihe portt It ami / In eul off. Th"- 
|t U evident that for any given number of rrvutnuon'* 
of thr *ovennu* ^pballe. there must l«* a constant fh*ed 
pressun* »»f eipillibrliim In thr PfNWW ti In-Ihw tbr f» 
phragiu Should the pressure In flu* tgUB9 0 c\o-' 
that corresponding !•■ tbe «|N*ed of rotation of the r ,K 
ernor at any Instant, the spindle It will tie forced tip 



Google 



M, ■•. wm SCIENTIFIC AMERICAN SUPPLEMENT Na 2012 



ward, thus opening communication between Ibe space 
II 11 ltd (he atmosphere (brinish the port* A' Id th* gov- 
ernor spindle body. 

In (be center part of Ibe diagrammatic sketch U 



: of the 

uuxxles uf the turbine according lo tbe speed of rota- 
tion desired. Referring to this part of I he llloatralioii. 
and starting with the turbine at reet, tbe piston y. 
wblcb opens utwl rkwa the nozxle vulvea, la at the 
farthest end of Its travel to the right, and all the tnr- 



vulve U admitted to the space f, to the left of 
atlng cylinder, the piston V will be forced 
against the resistance uf a amall spring, 
thus carrying the relay plunger fi with It. The move 
meat of the latter establishes cointuunlcatlon between 
tbe apace R, aup|>Ued with high prrsauro oil, ami the 

to the left of theplHtui. V, L brought Into cotr^aunles' 
tlim with the bjmm T, and thereby with the oil return 
at tbe reservoir, which bt isjieti to atmosphere. Thus tbe 
piston V will be forced to the left by the oil pressure 
awl tli rough a rack engaging with the gear cut In the 
r of tbe tuiitle valve, will rotate the latter and 




Y, maulea lu excess <if thnae mweaaary to 
give Ibe deidred *|s-od are opened Instantaneously, and 
thua the turbine begliu to *t*ssi up very rapidly. Now. 
however, aa the turbine gains speed and the governor 
revolves, the governor spindle ff la forced down and 
high pressure oil Is admitted througta Ibe ports II ami 
/ and through the paaaage /. lu the space .V to tbe right 
of the piston «. thua tending to push It to the left 
ugalnat the air pressure lu tile apace f>. As the plstou 
V uiovea to the left. It carries the relay plunger O with 
It, and when tbe oil |treaaure In tbe space S' balance* 
the air pressure in the spins- J', or lu other words, the 
-pace J' III tbe bridge coot ml valve, the piston V will 
take a fixed position, and the piatou Y will take up a 

[ with »' ami 

X are both . 




1 lo exceed the speed filed by 
Hie air pressure In the apace /', Ibe pinion Q would 
move lo tbe left and bring the sisiee I Into i 
caliiMi with tbe apace rV. connected to the oil 
■HHl the «i«ee II would la. brought Into . 




would cause Ibe piston t to move to the right 

luaite* had lieen ahut oil to reduce the speed. 
I oil preaaure 111 the space ,V whs again brought 
Into equilibrium with the air pressure In the apace f. 

The bridge Disrating stand whk'b support- (he bridge 
control valve* la abown In our biilf tone engraving, 
from which It will be aeeii Ibal there la a rotary slide 
valve on lOf of tbe aland between the port and star- 
Isnrd control valves. Thla tatter valte la not shown lu 
the diagrammatic sketch prevlooaly described, ami la 
not shown In detail because of (he difficulty uf show- 
ing tbe various porta In It. Ita function, however, la 
to iiertuK operating both turbines, either ahead or 
astern, by either the port or starboard control valve, 
r.r (o cut out both the atnrlxuird ami port con(rol valves. 

forma on the bridge control stand, the similar valve on 
Ibe control aland lu the engine room lua a position for 
cutting out the bridge stand and other operating aland* 
lu lather portions of (lu- ship; thus when the con- 
trol system on the bridge U connected, all control 
stands excepting that Id tbe engine room, are made In- 
active, while if the stand In the engine room la bring 




permits rapid changes 
other, but always leaves the 
atlve lu case of tin emergency. 

Ordinarily, except when maneuvering, the bridge 
stand Is always connected up an 'hat Isrth turbines are 

Irol levers, which 

controlling both turbines If either tbe port or I 
operating valve* should for any reason become tempo- 
rarily disarranged. 

In addition to the standard screw down valvea on the 
a ln-n<l and astern turbines, each turbine la provided 
device, by means of which a 
call be moved by hand, If necessary or 



This Is accomplished by the lever a as shown In tbe 
diagrammatic sketch, r'lg. I. The lever Is pivoted on 
Die shaft i and bus a lever engaging with the cTus* 
head on the vulve uperating pMou nd I. The latter 
lever Is titled with a laii-h so that It can he quickly 
connected or dlseiwinedeil when not In u»e. 

As previously pointed mil. there may be a number of 



(rolled when this Is desirable, aa for instance, there 
might be considerable advantage lu (he case, of batde- 
aalpa lu having (hi! turbines cotilrolM from (he cen- 
tral station aa well as from the bridge and starting 



using the bridge control, they will no longer use (he 
engine room telegraph and will not feel aa a man 
would, had he only the steering wheel of an automo- 
bile under his control and were be compelled lo rely 
ti|»in an engineer lo control the speed ami the direction 
of motion Independently. As far as reliability Is con- 
Kerned, this has been absolutely proven by Ibe experi- 
ence on Ibe "Neptune." 

The only difference between the diagrammatic sketch 
and the actual vulve gear Is that In the lader die 
various parts have Isjeu placed oue within the other In 
order to make the valve more compact. 

In order thai the officer on Ibe bridge or navigator 
may lie able to see that tlie turbines are oiieradng a* 
desired, ami also lo sfanw that Hie ciaitrul system Is In 
■sjs-ratliig ciiiMllllnn. gages are provided which show (he 
steam pi ■Mill in Ihe IsilUTs. the air pressure in the 



pgabjoe the plunger I. A to Ibe right, and the gage on 
tbe bridge U then connected to atmosphere through the 
imrts K ami If. When steam or oil under iHrossure Is 
admitted u( ft, the plunger f..t Is forced to the left 

tbe plunger LA moves over the pori O and admits high 
pressure air through Ihe port a' lo Ihe gage on the 
bridge, tbe pressure lu Ibe spins- lo tbe left of the plun- 
ger LA Increases undl the pressure times tbe area of 
tbe left-hand portion of the plunger LA eiiuala the pre* 
sure limes the area on Ibe right-hand portion of the 
f..1 : thus If die diameter of Ihe Hunger L U 
A, tbe area of the Urge end of the 
plunger will l*> four limes that, of Ihe small end. and 
the actual pressure maintained on the left-hand side of 
the plunger will be one fourth of that maintained on 
the right-hand side of ibe plunger; thus aaj pouitd* 
gage steam preaaure would be Indicated on the bridge 
by 00 pound* of air pressure. The oil 
transmuted to the bridge In lite « 

This relay device has been : 
accurate, and so far has never given any i 
lieilalhitlui! on the ' Neptune.' 




control system, die air pressure In tbe pipe Hues 7,' T," 
us well aa die |we**uro In Ihe oil supply system, and 
die preaaure of Ibe oil under tbe plstolm of the Routing 
frame on tbe reduction gears. 
Aa It would be frequently necessary tu bnve the plii- 

in'exposed places where It woul 
because uf Ibe illrrW'iilly of > 



There I* n tiled pressure (for auy given number Df 
revolutions isr minute of tbe turbine shaft) In the 
spares if and /r«r im well as under Ibe diaphragm K 
lu the governor spindle and the space .V lo (lie right of 
the air operating cyllniler. Consequently. Instead of 




*• In isiund*. this scale may 
graduated lo read revolutions per minute, so that I 
In charge on the bridge run see every Instant exactly 
the number of revolutions which the 



bead In tbe pl|ie Istwerii die bridge and die engine 
room lu the case nf liquids, the steam and oil 
are Indicated on die bridge by means of comi 
ami a small relay valve, sorb as Illustrated In Fig. 2. 

d I ho air pressure available, 
die funm-r are reduced lu some rullo. such as 2 to 1 or 
8 to 1, a* required. 

In rig • the orifice It la connected to the steam or 
oil tine, ami the pressure desired is Indicated ou the 
bridge by tbe air pressure In the iiine rrwinw-tlon to r, 



Another novel feature of Ihe new oonlrul npparatna 
used on Ibe IJ. K. "Neptune" I* a set of speed recording 
Instruments. As previously mentioned, fur any given 
turbine speed tbcre will l»- a definite oil pn 
the diaphragm K of the governor, and i 
pressure can be used lo indicate the »i***t of tbe tur- 
bine and priHjelter. 
Pressure gages of die recording ty|s- may be used, 
*|sssl, direction of rolalbaji, and iwrl.sl uf 
uf each turiiiin- umler any given fundltUin*. 
ds furnish an accurate log which Is Indks- 
pulable lu case of a conlroversy regurding the s|a-ed or 
milliner In which die Inrtiln 
earn* can la- graduated lu rei 



The Limit of Fatigue 

I'KimHiuxju. fatigue can l*» measured from tbe 
variation* of Ihe tracing or sketch of the movement* of 
the heart. According to the experiments of If. Jules 
Araar explained by Prof, Dastre, II has been accn (hat 



isjs-rutlug element of the relay cimslsta of the idunger 
I. A. having / and A the same dlameler or A a mualler 
diameter than I, for relaying oil or si rami pressures. 
The plunger LA U titled In a bushing, having porta 
<1 and II, port ft conimunlcatlng with the high pressure 
air supply and port // communicating wldi atmoapbere. 
A drain C la also provided, which may either drain to 
tbe bilge or to the oil retwrndr wln-n oil pressure Is 



form of the cardiogram* Is 
bccouie* more and more Muted. The umlnlatlisn on 
the right that Is supplied by Ihe miitraeMon of the 
heart lowers prognstslvely. After the inntractlun (hat 
drive* hack the blond an aspiration Is pruduied. d»' 
value of which goes <ai iuiTettsing. Iu alt physlnil 
work, carrying of burdens up stnlnnsee, fallgulug 
walking, running, work with the bummer. M. A mar ha* 
Mtmi curves that have an ns|«-cl bleolti-nl tu the 
llmll of fatigue. -CAi mioaJ .Vi a-.. 
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Transatlantic Flight* 

A Discussion of Possible Routes 
By Lieut. H. Boykow, Imperial Genua Navy, Retired 



Br the I 
cct of a transatlantic I 
domain of vague nod i 
tbe Immediate |K*sHlbltltles. 
the uude rtuktiiir, which, as 



In aviation the proj. 
mi removed from the 

1 Jli'i'ii aDlOtlg 

Routes are available fur 
a distance and time, ap- 



pear to bo no more formidable Ibau those oier which 
If It hapi-Mis that on 
, the shortest 
themselrea, Hum obstacles 
found In the length or probable duration of the Journey, 
l>nt hi circumstances of greater weight, to which ilur 
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Chart 1. 

JntrrutloMl 9tMB> Isnes, geaeuarx 1st to August Jllst 

Kmllaa Cbaand -New York, wrstwsrd. 

N.w York, «stword. 



. I- bad If a 

Ith tlx. bleu that navigation U the art of 
bringing a vessel to ber domination over the beat course. 
The beat course la not tile shorted, our the must con- 
venient, but that which a acrupalotia regard for all 
factors point* out as offering* the greatest security, com- 
bined with the inlulmuiu distance consistent with sucfa 
le fast transatlantic 
of which time la certainly 
an Important consideration, do uot follow the shortest 
routes, becuuae the navigation of such routes Is hazard- 
mis. and would compromise the principal purpose of 
the Journey, which U to get the vessel safely to ber 

* Trsvdstrd for IV Seiumrtc AMialcaa f/om Zettttkrift 

IUr 1 lajltCOSitf* SSti K'Kri«,'!.tUf«l'l 

• TliU stslrsstuit la hirdly accurate- Toe IccIaoiI "low" 
U strongly <1rvc!o|i-«l la wlnntr, but illltu»e and f.-hU la 
»unmu!r. Moreover, lu position *felrts rsplilly, and It Is (>y 
no strata always «mtrsl suutti ut Itclsau. At VeMBinat). 
the -KratberOBfat n>et#orol,.s>sl station lu Iiehuul. Iha rsrlo 
ut •astaelj to «<st<rl-> whtds Is »;l!il tor the j-«ir as • 
.hula, and M :15 for ti. t&roe summer months; L e., west- 



i.i.J» iir« point In a nm< 
Hldrratloiu apply to aircraft, which, although the must 
modern method of transportation, hardly vie Id safety 
even with the primitive vessels of the ancient seafar- 
ing rucea of maukind. 
Two polnu must be taken Into consideration before 



route, and the probability 
of being able to get help Ul case of an accident. These 
two points should he given the greatest weight lu deter- 
mining the route. lo view of the fact that aircraft are 
still limited in their range of action, and also of the 
possible need of Intervals of mart on the part of the 
aeronauts, a third consideration la the possibility of 
breaking the journey at 
We shall drat discuss t 
along the varl* 
are possible: 

i The northern, or Greenland, route, from Labrador 
eta the southern point of Greenland to Iceland or the 
Hebrides. This route, especially If ria Iceland. Is the 
Toe distances are: Labrador to Greenland, 
(909 inllcs) : Cape Farewell to Iceland. 
1.200 kilometers (740 mtlea) ; Cape Farewell to the 
Hebrides, 2.200 kilometers (1.387 miles*. It should, 
however, be stated at once that the Iceland route Is 
practically ruled out by the fact that a stationary area 
of low barometric prc-ssure lying south of Iceland la 
almost certain to give winds from an easterly quad- 
rant.- At beat Uila could ooly be regarded as ■ | 
route for a Journey from east to 
other grounds, to be mentioned later, which exclude 
It from consideration. 

2. The direct, or steamship, route from Newfound' 
land to Irelnnd. The distance to be covered by this 
route Is 3.100 kilometers (Uttd miles), or still greater 
If the 



June is oue of the c-almo-t ami driest mouths of the 
)<mr. with prevailingly fair weather. Barometric de 
pres-dous are commoner at this season no land thoL 
noi the oceau. Only along the storm track from New 
foUDdlaud to Iceland are they frequent; lietween Labra- 
dor and tireenuuid. in particular, secointary minima 
as low as TM millimeters ('J&3.1 tiHhea> are likely t„ 
occur. The latter may also be said of tbe s,aitheasu?ru 
t-order of the Newfoundland Bunks. Iu general, lu/w- 
ever, June and July are freer from storms than iw 
other months of the year. On tbe southeastern border 



The Azores route, froan Newfoundland via the 
to the coast of Fortngnl. Tbe distances are 
( 1,243 uiUes) for the first stage, and 
(MsS mllosl for the second. These 
distances hare already been surpassed by aeroplanes. 

4. Tlie equatorial route, from tbe Cape Verde Island* 
to Fernando da Noronha. on the Braiiluui coasL The 
distance amounts to only 2.500 kUometers (i/sVI mllea), 
ton In other resf-ects this route ai-peara lt»«« promising. 

Kneels! as to the equatorial route, whieb Is available 
In winter or early spring, only tbe suuuuer muDths 
need be considered as appropriate for u flight, viz., 
June, July, and August. We will now brteBy examine 
tile meteorological features of the North Atlantic, espc- 




of the Banks, where at all seasons minds reaching fort 
8 on the Beaufort scale arc frequent, not more man 
0*4 per cent of gales have been recorded in June, wbl* 



of greatest storm frequency Is 
identical with the region of the Golf Stream. 

The frequency of fog has somewhat liic-reasrsl. Oti 
the Banks and the American const there are area* lin- 
ing over 21)0 hours of fog in the month. South of lati- 
tude 40. however, the ocean Is practically fog-free. 




The maximum tof barometric pressure) at the Azores 
and the minimum south of Lvland begin to be more 
sharply dctlncd, anil consequently west winds become 
more frequeut and strouger between latitudes 40 and 
00 degvea north. Over the western half of the ocean 



In June are as follows : On the I 
the westerly half of the stretch between Labrador anil 
Greenland tbe prevailing winds are north and east, 
with force 3 to 4. freshening and shifting to narthaest 
as one proceeds toward Greenland ; but revolving 
nerally from the southwest, are «l!i 



though small barometric depressions r 
here, moling In a direction between 
Winds of force 4 to 0 




Chart 3. 



-I„ V 



Oiart I. 



Chart :,. 
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On tbo Ireland, or steamship, route tbe niitin diffi- 
culty Is the frequency of fog, amounting to from 10 
to 25 per cent over almost the whole route. Over 
the western half of this route the winds are prevall- 
liifljr from tlie two westerly quadrants, while farther 
mat northeasterly nod southeasterly wind* may occur. 
These winds are generally fresh, with a force of front 
4 to 5, but north of latitude 50 winds from south and 
south-southeast, attaining force 7. an* rather frequent. 
Storm track* are not found to any cxtrtit exieial on 
the southeastern edge of the Banks. 

The most dlftlc-iilt imrt of the Azores route Is at the 



truck, and the fogs of the New 
9 ; li nt It should tie noted that UUs same 
portion of the route Is the region of densest steamship 
traffic, as nil the steamer ronton to and from tbo chief 
American porta converge here. Tbeoce on to the Azores 
the winds are moderate, not exceeding force 5, and from 
the westerly qu 
uninterruptedly 

i coast moderate i 
tie equatorial route begins lu toe zone of the north- 
t radon, which, however, extend only down to latl- 
! 8 or 10 decrees north ; then the belt of equatorial 
cation must be crossed, until, somewhere of 

S 




I see chart 6) 

after In July. Barometric depressions are rarely de- 
veloped, and the weather la. therefore, prevailingly 
calm. The Axores "high" In now at it* maximum and 
(He non-periodic fluctuations of the barometer are 
ninnll ; accordingly the westerly winds between latitude 
40 and 55 are steadier than In the other mouths, and 
rarely acquire much force. Tlie northeast trades are 
feeblest at this season, and In thin and the following 
mouth their southern limit Ilea farthest to the north. 
( See chart 3. ) July la generally even freer from storm* 
than Jane. Only southeast of the Banks are storms 
more frequent ; while elsewhere over the ocean their 
frequency bt everywhere lorn than 4 per cent. Hurri- 
canes are very rare In July. Thus, of 210 hurricanes, 
only 20 have occurred In this month, or an average 
of one or two each year. (See chart 8.) Frequency 
of fog la at a maximum to July. On the Banks there 
are more than 300 bourn of fog, on nn average, during 
the month ; while tlie limit of tbe region having more 
Iban 100 hours extends far to tbo eastward, but nut 

The weather conditions on the Greenland route are 
characterised by tha fact that the storm tracks, par- 
ticularly those of the deeper depressions, have shifted 
farther to the north. On the Labrador side tbe winds 
blow mostly from tbe northwest. » hlle nearer Greenland 
easterly winds, up to force 5. are of more frequent 

of Greenland 
i from tbe westerly qnad- 
, moving 

; to east, are still likely to be met with. On 
tbe direct (steamship) root* tbe wind* are also chiefly 
from westerly quadrants, and In lnldocean prevailingly 
from southwest. Cyclonic storms are rare on this route 





Chart 7. 

Wllbai coorditloea lo Jane. Tha arrows show the triad 
illrsrtlaei, ta« number «f f either* oa tbe shaft, the wind 
fores oa tor beonfort sent*, nod tbe length of tbo arrow, 
tbo frequency of occurreni-o 12.5 allllmntern — . 10 per 
enol). Arrows with etrres nr* "terra tracks lepra cirri*. 

of T0-7J0 nilUhMtsrs). 




The 
July. 



Chart 6. 

«n« In July, — Iw 

(AWM In nillllncters.) 



In July, and tbe weather Is, 
Between Newfoundland and the Axores much fog pre- 
vails on the first part of the route, with winds mostly 
from (He southwest quadrant, but calms are frequent. 
On tbe equatorial route the northeast trades have re- 
treated nearly to the Capo Verde Islands, while the 
southwest trades hare shifted somewhat 
Hence unfavorable winds may be expected over the 
part of the route. 

xcousT. 

barometric 
Tbe trade 

9 are still rarer than In July, and only to tbe 
southeast of the Banks do they exceed 5 per cent. Sec- 
ondary barometric depressions are frequent only north 
of latitude 56, but the winds between latitude 50 and 
latitude >V" are often very fresh, ranging up to force S. 

On the other band, Angus! la a month of frequent 
hurricanes. About 21 per cent of West Indian hurrl- 

occur. B'ogs are somewhat loss frequent than In the 
previous month, but tbe fug area extends considerably 
farther north. On the Greenland route tbe winds are 
mostly southeasterly or northwesterly between Green- 
laud and Labrador, while between Greenland and the 

(See chart 4.) 
On the direct route, southwesterly and southerly 
winds of great steadiness prevail on the American aide, 
while ou the European aide tbe winds are fresh and 
chiefly from the two westerly quadrant*, though south- 
easterly winds are not rare. Tbe winds and weather 

to those of July. 

count of tbe prevalence of i 
of 



generally prevail lu September, ami this month Is 
further marked by tbe frequent occurrence of easterly 
winds between longitude 10 and 30 west on the Ts'ew 
York route. Storms, however, are considerably more 
frequent than In the previous month, especially In mid- 



July. The Axores route Hn>- n dangerous 
tlie southeast border of the Newfoundland ! 
Is characterized elsewhere by the great 
Azores "high." giving generally fair weather, I 
mostly at right angles to the direction of 

of the equatorial route depends up.i« tbe dc 
of tha southeast trades at their northerly 
border. 

Hence, the most favorable routes In a meteorologcal 
*en*c are tlte Ireland route him! tbo Axores rente. In 
July. As to the distance to be covered, Ibe most 
favorable, except the Iceland route. Is the Axores route, 
on which only 2,001) kilometers (1,243 miles) must bo 
made In one flight, a distance which can 1 
our modern lunchtoea. Next comes tbe tin 
Hebrides route, with a lap of ".VJiaj kilometers (1,:«I7 
miles). The greatest distance to be inndc In one flight 
on any route Is ,'M0O kilometers (l.fKM miles) on the 
Ireland route, and this would be Increased to about 
(2,175 miles) If t 
whip rou 

The third point to be considered Is the density of 
traitle over the various oceanic regions in 



Aa will be seen from charts 1 and 2. the Greenland routes 
are altogether outside tbe area of steamship travel. 
The main stream of travel extends from Bishop Rock 
or Fastnet along a great circle to longitude 47 west and 
latitude 41 H north ou tbe westbound mates, while the 
a degree, or ill kilometers 
(00 miles) farther south. Hence, In order to take ad- 
vantage of this main artery of travel, when flying over 
tbe Ireland route, a detour la necessary. This detour 
U to be recommended under all drcumstanoes, for If 
anything should happen to the machine over tlie com* 
paratireiy little traveled northern waters the aeronauts 
wonld la all probability be lost, whereas on tha great 
steamship track tbe prospects of a rescue would be 
good, provided the wrecked aviators could attract nt 
tent Ion to their plight. If not by wireless telegraphy, 
[lerbaps by smoke signals or tbe like. If apprised in 
advance of the flight, vessels would keep a sharp look- 
out for a case of this kind. Tbe conditions are very 




America. Just at tbo most dangerous part of 
route would be met tbe big Onhing fleet ou the Banks, 
wbleb would greatly enhance the safety of tbe Journey, 
Tbe eastern part of this route, between the Axores and 
rortugal, la also much frequented by vessels, as It Inter- 
sects tbe steamship routes to South America, Madeira, 




months of most frequent hurricanes. Of Wont 
hurricane* 32 per cent occur in September. The fre- 
quency of fog baa greatly diminished. In general, Sep- 
tember doea not offer aa favorable conditions aa Au- 
gust on any route. (See chart 5.) 

October and November develop the definitely unfav- 
orable conditions which reach a maximum In December, 
tbe month of 
at sea, with a i 

or more. Tbe depth of the 
reaches 710 mlilhncters (27.05 Inches) or under. The 
northerly routes are Impracticable at this season, but 
conditions on the equatorial route are somewhat more 
favorable, aa the northeast trades extend far south and 
on the northern border of tha southeast trades about 
10 per cent of 



Identical wltb tbe route of flight. The equatorial 
runs along tbe steamship truck to Brazil, but othei 
this portion of the ocean Is little traveled. 

Hence from this point of view the Axores route and 
the Ireland steamship route stand at tbe bead. A 



As a last Important point, tbe purely nautical condi- 
tions of the various routes must be considered. These 
Include (1) deviation from the course and Its results. 
(2) the chances of a good landfall, and (3) tbe pos- 
sibility of verifying one's course. Ou the northcriunost 
route the conditions are not promising, as In case of 
getting off bis course or meeting with an accident the 
aviator would be helpless, while tbe coast Is of no 
service, ou account of the mostly onshore winds, and 
offers little shelter. There are no passing ships to 




summer months, June, July, and August, need be taken 
into consideration, while for tbo equatorial route 
the winter and early spring mouths are the moat favor- 
able Which of these routes Is the most promising 
from a meteorological standpoint? Tbe general wind 
i the Greenland route, for example In Jul} . 
to be not unfavorable, but against the 
selection of this route may be urged the i 

of 

one may gen- 
favorable winds In 
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dully oil (lie Iceland steamship niuli*. <*n which Issth 
Ibe landfall and tli* I'tiii'fclutf of tike **<lln<c *»ITcr no 
ilillictlltle*. Chi the Axon-* route the landfall at tln> 
Axon* offer* iMMislilertllur dllhculty. T«. be Mire these 
b.landa "Ver about WW kllumctcrs <T7:t miles i 



A .1 

therefore, be fatal, as the next land nu the rnulf III 
iIiIh direction would In* the MmMrii, Canary, or Cupr 
Verde Islands, i*r the Knroivau i>r Afriruii c-c.otiDW.ts. 
However, thin obstacle is tuit decisive If watchful navi- 
gation Ik- maintained, with the fair weather pn-ralllni; 

au ..lwrmlK.il for (kmUIoii would uwl to be iniidc. ami 
this can tie ihwie from an acniplauc wltliln ait error of 
.*i*i mllrn »»r Si*. 

The f.. II. .who; table h narlxc-. the feature* ..f Ihc 

Vitrli'iu rout***, will, h air* arniiitasl In or.lor nf merit 
uilh n-«|K-*-t to the fn.-t«.rs s^ss-ltled : 




.1 llrtvalanil 
ll.-brt.U~ 



4 Ktiiuhirul 
n itvUiui 



It la rvklcut fmm the above lhat !■>' fur the licet 



Hide, 
The 



with awli ncriipiaiM-a ns «r have today the Aaonrs 
mute upiiear* tu In- entitled IW cisirsMertttlitii. The 
greatest dlalaiuv In la' llown I* nlxHll UK) mlli-<; trii- 
weather cnflillMiili* nrf. ut Hie worst, hot unfavorable; 
nnil II Is imerdhle to linnk tin- Journey with ■ iluy of 
nut. tJlvon, however, acmplamw i-ni*vhle of cnyerlng 
tlir great dislaiKx- of llu* ln-laml route, tlw laller 
would, aa ii nonstop flight, |n Micas a greater spurting 
Interest. 

lien***, far the acn.plaiic* <if tlu' |»n*scut the Asnm* 
route: fnr tin- grout aln rnft of AWfntiin.-, tin- Iroliunl 
miilr. 

A few wi.nN nmy n..w In- xal.l rciairdlng tin- ftniitlcill 
equipment of mi iicrisjitiiuc for an iseali flight. The 
flrsl prttiHido lo Is* observed iiimIit tlila Iwiid Is not to 
hunlen MK-aeir loo bravlly tAlth limtruuioiilx, Hr. Tin- 
|iniK-r liwtriiinputaJ «|iii|»nrnl In iihout na fnlknra: 

•i. Willi a |iit-Mfiiavr : 1. A Mlatjlv ihiii|imh>i, t*Mlt- 
11UI1- for ilrrooilutii-Ml Q*i\ Such timnaifOM-fi urr ntktiitii< 
*om| n llltlt* inoiv> (Imii 4*Ttllnn ry lik^trunirntH. 
nut shouli) la-wuri! of li»tniiiH-nta vrlilc h luii o 
imi( liocn tenlol anil fomxl to !»• tu tt«"\ wurklns nnl<-r, 
Tbir num.; |alil for n ii>ni|ai>« will la- will i-v 

la'iHlnl. i. A nnnuiil utiwrTlui! wiunt for h..r1u.u 
*4i-a>rvatUilm. L<4-v«-llaije liiMlnliiM-utii an- linnlty DiHi-ti- 
«!>• Ill tbfcs |Miril(-iilnr rii«-. uiwl an ni-ro|»liino liarilly 
oiTi-th a KHltalik- |ilntf4irm for th^-lr u«a-. X A iro»j<l 
tliurpliHi- M-t to tin-oiiwu'li time. A. If iji-^tn^l, a 
• It-Yin- for Miimnii-r Mm- •l«-li-rttilnallo*iH, »inli »>■ fin- 
Orion or Itrlll lioilrunimt. 

fc. Wlilwait immwintor. In llil« <-a«e a>-lroiii.ii>l<-al 
olM-natloiia un- Imianalbl)', and Ihr <-..rri-»n.»iillDit «i- 
luiralui may, thcrrfnr." W otulttmt. A iianiiaaa Ik. i.f 
I'oilrw. lui]L-f|M'lhioiliU-. 

In both pia> an byi«omi-<4>r will, natiirally. lie 
tieediii. A-*i lo a chart, tin- jeriifml map of tlir North 
Atlantlr- will auflliv. iiimI fn»m tlila uuiy lie <-ut a Mtrlp 
•NirrrMiHHiiMtiu lo lln' *h-Io*-Iii1 ri-ilti', wbh'b may la- 
lumintoil ihi <air or two roHVr*. Ill .nnii.Htli.n with 
Ihli It will la- a.lvlwiW.- I., iiiki- a i«irall.-l ruU-r. 

VVi- luivi- alri-aily «|«.ki'ii i.f lb.- |i.>v«IMIIt> of itt-ttliii; 
jmihIIIihi l.> -Unal fr..iu la^Hllii; k1iI|i-i It VHrtllil la< 
wi-tl for tin- nviatirr, -««iir C iana- U-fon- lat'idiiMluic lll^ 
tlluht. to r»i|in-it all tlir irriit -.l.-iiinMlilp .A.in|uinl«^ to 
ii>--lnii-t their rii|4aliiK to li..|Ht tin- hitfnuitliMial al^nal 
for llielr laxlllmi I jir. .ttot.lj lo wlioti- .)r«rii-«) .ui »>*>n 
u» iwv n.i»f In Mltlit „f an nvrot.lalu- oh tlx' I1UI1 «<-il«. 
iiikI wllli. .ut wiilllnu- for u niimut from the aviator. 

A i-llM luivli.i;, kiralili- of ht- ilinrt, a tabl« of such 

>lrnilU oiin llnfi aH.-4-rt a in linlui-.llliti*ty Ilia own |awl- 
tloii, inol iiiIJiiki bli .-».ur**r aoimllnxly, The ailltior 
fiH'lN .->.i.ltib-iit Hint mi.-b il n-.|0«-*t would la- clM*rr. 
fully .h*iii|.Mih1 with liy (lu- *trnit»ilil|> r*an|iaille*>. and 
itm-, f..r tl*o avlntor flylnii alone out one of I be two 



■ uiore 11..I11I r*.|iulll>s to la- luelit Ioim-iI. We have 

|airi*i*-«-ly n-fnilh.il fnmi oiNiilili*rlni; the |«*Kilbllll>' of 
a w.il»-r HiiwIIiii,' or a ri li.nal of the riiH-.*.ll|>)>ly oil llie 
hlrb *ait*j, bei-nie*!', ill Ibe anUinr'N o|ilnb>ii. an*-h a pro- 
ooilure W..11I. I lie ei|iiivalelit to iilwiidonlni: llie fjlubt. 
TIm? rrii«on for tbN .*|.ini.4i 1m tlie iiii^wuorltiy <-bar- 
a. lor ... I.?. If*. 3i.t..|.I;.iii-.. Why tlii.Ki. , nift nr.. 0.4 jel 



1 for tbi- bicli "-a* n««l not 1*1 , 
here; we will only remark (hat (here Is a 
l.ntMetu (*. he *eulreil lieiore It will la- prcntthle tn aolre 
riani-litely the i.c.JJi'in of the hyilrw-aero|ilati*?, All 
till- baa, uowerrr. uutbiin: (o do wltb the triinxaUantle 
llltlit. Provided only the motor h*il«la (.aal the feat la 
l>e»lhle wlthixK hreakinK 111* >otimey by allalUliue on 
the wati-r. and nowaday, when a Ihlnn ta (aiaalhle It 
1» cl.me. 

Musical Senaation 

Vkht euriuua <-x|ieruncnU, espneially mil-resting to 
inuaii-una. ha\n jii«t been made by Dr. Manure In a 
be had aliown (bat for eaeh vowel there 
exiau a note on whieh a minimum of «iorr«ry in nmaiaaary 
to make it heard; that U. indeed , I he oricin of Uie K-le- 
nhnnie "Hello." T>r. Marajf*., in a iwper presented before 
lh*' Araibemy of Selrfiees by IVirf d'Araonva]. atuiliin the 
n-iiaibility of the ear for eertain muaieal MMimU. Tbe 
qiuwtion wtw to knoa- thi' iinpf»«**ion* e.K|ieri*iie*-il by an 
andienee eonipneed of mualriana. aaxanti, literary men. 
and weiely people, while lutening Ui the aanx. |ii«nw of 
muaie i>f the sixtia-nth and wventeenlh eenturiea. |iee- 
lormed anneeniively on Ibe piano and on inatruuieuU of 
tbo period : elaveein. etaviebord, lute and viol. To n-aliae 
tbia expi.nnw.nt, the three hundred pupila who follow tho 
rlaaaea at the Horboone of the ph>MH>lo*ry of apei-rli and 
Hiiiaciratf base beeo divided into two 1 
were to note their phymnlnffiral and 
Out ol nn aodieni'e of :*K). only H2 m|ne« were Riven In: 
that i» t«» nay, that over ,50 per rent of the pupil*) had no 
Impreiuaona or did not wiab to write theni down. And 
yet tlie <-opiea mere anouyinoUH. The other half. l«ow- 
ever, on the imnlrary. exi*erieniw-d very diverae sriaiatioiv. 
Tbe |Mi|>ik who *j»ve in their eopiea were divided into .',1 
profeaainnal lmmieian* or*»m;er»; 'iieultlvated per»oni<- 
Ihat it. (u aa> , with a icood knowledge of muaie and study- 
ing it from a taate for the aaine: .'14 with no niiiH : ral 
koowled^e: i:t aeienlifle perwoiie*.. proftwaors. pupilrt of tlie 
I'olyloebiuc Heliool. of tlie Central Hehool of Civil Kn- 
(im*i-n. or of the Korhonnr; and l!> literary profixMnnt or 
pupil". The eopiet, judced frum the |*uliit of view of tin- 
auaJyaM of the aenaatUina. have given the followinu 
reenlts: The cultivated eomr nut at the top of the Iwt 
ailh 77 per eent of enod ni|iiea; pn>f*«u>rK *if ninelni* aiHl 
mitne mmv next with Kl per eent. The wientifii- puptU 
are greatly superior to Uk. literary; 47 ni-r eent of the ftr«t 
iieainut Ki per iitot of llie mihumI gnve in escrllcnt eopieH, 
Tlw literary ]>eu|4e make kH« deaerlplunui. IntereKtiiie 
und atm^vble to n-ad. bul il e> often diffleult to iliaeover 
what are the sensation* they experience. TIm- seil-Ilti^1*•. 
on tbe «*otitrary. have clear ideas expnwaed In a few hoc*. 
( "oneeming the phy*»uJogicaJ iinprvmiolM, it is to he n»- 
marbcri that almost all tbe audience ja at Arst diaagrei-- 
aMy bnprewixmed by the (hin and metallic sounds uf (Im> 
elaveein, then tlie ear Kradually treta used to thine nhonU. 
new to it, and tlwn it finds in them certain qualities- The 
■rrave auunds of tbe viols arc immediately ai;ris*al*le to 
tbe audience. A eurioua pbeuomeuoa of Kiwnri-fitiiin has 
also been observed by M. Manage, Altera first perform- 
ance, il was dii'ided to ebaiiee the piano. Tlie instru- 
ment was new, and it luul l>een thought that the mhiiuIs 
It cave forth were not very luirmonHHis. Twenty miiMi- 
eiana had expTe«.*^«i tin* il*.vare lo la* present a( tin* sts^md 
ivrves, at which the *aum. pnarnunme was lo be |«. 
fornuii. They all noted down that the new inatin win 
very superior to (he llrut one. Now, for sum*' nnsun 
unknown to M. Maragv, tlu. iikstniment luul not liecn 
clianced, and mas the same at lwith aeries, To sum up, 
Dr. Marain? wonders If wuslrai *riuCK are not often in- 
fluenced by the special dispositions of thrvr auditive 
nerve*. The particular action of vibrations on w* 
nervous system, the lial.it of hearinc *s.rUln •siunds. and. 
lastly, the pn.vinus eiliieation. must deprive tlx- artislie 
erile-istn of tie. salllo isiwu-w-isl by the ai-ientiftc .-rili. wii. 

Ch. ,Vr«.. 

ProUctiis of Stability in Aeroplanes 

1'o.*iTaABY to the ireneral ofiinlon, tbe ilew is not liehl 
I.) (lie iinwl ro«|«'|ent aiithorUiea that |».rf«-i ant.i- 
nmilc .nihility b. a desirable attribute. A certain ue- 
K-iev «.f Inhcreiit slnWIIIy, e.|.ecliilly In the lonjrlnidlniil 

Ncleac. Is alrrlldy lluMreaed by most molUTIl llerotiUlH--., 

iiikI would at (lie iircectit time iipiwor to Is* ad«imilc. 
With lutrral slnlilllt) tbe ease is different, for uutil the 
|.n-»-iit (line thla Iuia lieeu otitalusl only In a minor 
and liisorllrliiit di-tcns', and lu maelilier* of certain tvpt**. 
It l« prvrurtmis lo the isilut of ile|iendlio; ror It. inaln- 
lciuiiH<e wlvolly *m the Intervention of the pilot. At 
Hl>l «lellt It inltrht well accm as If 11.1 iicrontiin* coill.l 
U- lis. -Ill I.I.-. Kluee loujtltildililll stahlllty Is Inritely a 
«|nc"tl"n uf nuiliitnlulio; flylns s(ss>d, Ih*- view Is e*irn-ct 
ciLoaieh in Hint llmiti-d sense, tirovided Unit stubiMly lu 
ttiln case lbs-s m (ueelllde slsssl raniltli.IL. till the 
odier hand, too lereat a di'isree of stublllty In every 
other res|ie<i must necessarily render an aen.plane In 
.•s'lLoillve 10 oiiilml. Hint interfere viltli cii«v ^tii'rlnir 



A« 11 cnae in iwlnt we may take n wetl kuowu aeroplane 
Issou'Hslnc «» hbtti a degree of automatic stability as 
unv hitherto d.-Uni.-d. In calm weather thla maeblne 
brharro admiral. ly. reiiulrlng practically no eonlrolllng 
fr*im the |.1M ; hut In u ineaiy wind 11 liehnres Iti such 
1111 erratic manlier ns lo render It a matter of the great- 
est dttttcnlty to ileer all accurate enurac 

A well desltrucd iiensjrlane, on being struck l*y a gust 
nwl Mug tilted tip on one wing, recover* automatic 
ally, provided the gust lie not «» vloleril. and the first 
oscillation will Is? Immediately followed by one In the 
opposite direction until a level keel Is again attained. 
Naturally, it 1» desirable that these osclllatlona should 
lie .lamped out us iiultkly as possible, and should In 
any event be prevented rroin attiilnlng too mneti am|>i|. 
tude. every consldcriiti.ni luduts to the mnrliMlon that 
lateral stability sb.nild never l>e unduly exaggi-rated. 

But lhi-n- I* a fiioll fact.w to Is- til ken In!.. acci.llllt. 
lvrf.-ct aiitonmtlc stnl.llity iiao-s Us dlxtdvantiiirex for 
1111 iieril.hiiH' Hying In e..in|siratlvely <nliu nlr. and In 
lblltM^ condlll.rfis even l^-i-.tjirt. a |.islllve advaulage, 
since II rellen". Hie plhit of his cnirolllng dullra and 
leaves him free 10 devi»te himself to others, such as 
..Iwcrratiiw, Tlie heat ...liilhin, iheref.ire. would a|aa-ar 
10 be lo devise some form of aatomnllc iMalilllaer capable 
•if being set In action or rut off at any looaieiK by tbe 
pilot, who wimld tlien-liy have nt Ills disposal the dual 
iidvaiitap- of automatic stability In calm nlr urnl of 
is.rfe.1 conlrollablllty nixler all . 



We wlab to call attention to tbe fact taat we nra lu a 
poalUou to render coiapeteut aarvleta In avery btajicfe 
of patent or trade- mark work. Our a la a* la exnnpoaed 
of mecfiaulcak electrical and cjumlcal axperta, tfeor- 



of Uw eoraplex aatare of tbe 
subject taatler InrolTed, or of tlie specUUied. technical, 
or adaatlfle kaowledge nrjuirwl therefor. 

W> al»o bave aasactafa Ihr.iughuut the world, who 
aetkrt la tbe praascutioc of patent and trade- mark ap- 
pUcatkao* filed In all eountrlee foreign to Ibe L' at tad 
Slatea. 
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The Electrical Industries in Japan" 

An Instructive Review of Their Present State 



Kurope and America, and In the case of electrical In- 
dustries Japan hi from ten to llftrcu year* behind other 
cvuntrlc* lo tlir WoL 

In Ibc domalD of electrical Industries, water f»>wer 
plant* throughout Ibe couutry are numerous owl widely 
distributed; llrnw namiitalii streams vrliu shallow ba- 
sins, long regarded as the .*nse of nil kluals of tnsjhb-i. 
are now being niphlly turned bilo wum* of electric 
lamer. According lo the moat, reliable report, those 
wnter-pnwer plant* atone wbK'b can be noi*t easily and 
ccmuiaiicully turned to electric power amount In tbe 
aggregate to alsnit ten million horse-power ; of tbl* 



lied for Ibc public, while oho half of It I* In actual 
operation, anil that mostly for lighting and |*i»er In 
cities and towns. .Such sources "f |a>wer will menu a 
great ibsil III filtliro wlull they ure economically em- 
ployed on lite sM, nut Willi Ibc object of selling lite 
electricity, hut In uuinufiiclurilig cisannerrlal products 
with I be energy, wbkh may Is- iwil an 
motive | tower or can eaiilly be iranarnnued Into I 
heal or a powerful electrolytic ageuL 

Change* lu tlie order of thing* aw perplexing, not 
only lo the foreign merchants and native contractor", 
lent ulso tu home llwlusrtrles themselves. To return to 
electrical IntliiKtrles. ordinary types of motor*, genera- 
tors, and transformers are now made berc of creditable 
quality, but Iron and alee! of special deaerl ptlons am 
Imported every year to a great amount I'atenl rlghta 
iiimI manufacturing prweHaos may be acquired from 
It without the help of Irullleu foreign ellgl- 
. at least during the trial stage, It will bo dlAralt 
to turn out article* of high-class quality. Iuveutlga- 
iIodh are being made, no doubt, to a certain extent, but 
the prngrrsi* la alow and tie result* doubtful, aa ex- 
l*-uaes for research work arc generally too heavy lo be 
borne; In the meantime, foreign countries will make 
great progress, and even when the reaaarcbea lead lo 
smsx-a* the market here In very annul and the. mean* 
Air International tmslnc** nlremely limited. Appar- 
ently there la a treat boom In electrical industries In 
Japan, yet If we deduct the iniiiorted articles, only a 
Unto will remain a* the genuine product of home In. 
dustry. One beara from contractor* that all kloda of 



without at, j 

place* where reliable tnachiooa are lu demand. Those 
contractor* are gctierally large llrma, bnvlng long ex- 
|a rlcnco and trained hand* The ao-called Importers, 
whose business la roDdnctrd by foreigners with low- 
gratia native employee*, and without rcsis-ctablc Jap- 
to have felt I bo etTecta of the 



Tti»- ^1nily of all systems, both thiMie whleb nre < 
hie .inil Iboao whkh are mill flourishing, uuat enrich 
olie'a cvtsitrnft. and judgment nod enabk one to meet 
the changed conditions. Joint capital, joint manage- 
ment, exploitation of patents, and iniiuiiraeturlng |irne- 
eN»-<— these are. generally MHtiklng. wottliy of recoin- 
roenilnlloii. Of the prewlit nyxtem of Industry, aa 
regard* either tile or mannpemeut on a vale (It for 
elu-ap i>mductloti and a wide market. Jauaneae men of 
I.MirtilH'HM have aa yet hnd imly *hort extiertenee. Thoae 
tndu^trlea nblcb are now flourishing do not bi^long to 
the cto» of pk>ne<'r lodu^lrtoa. and Ihe channeln of 
I by the -.Milled ! 



By Prof. Sliiinkichi Kinmrn, Ph. I) 

» anil A W ihral«in., 



Tnr prolertlve i«illo' and Ihe encourngenteot of home 
ItxIiMrlea now lu vogue In Ja|iaii for averting the dla- 
uvlrouH trend of Anandnl coodltlolia aa well ua for 
luiprovlug tbe mttloual xtamhird of wealth, have rre- 
att^l a dlMurtHimi' In the tiy*leni of luduatrlal commerce 
whleb bn* develoiwd during the hut thirty yeura. But 
at Ihe name time a now nud iuterextlim neld has bnru 
ti{H*ne«l up for ilio-* wlio will iK't^imiuodule tbeiuxelvea 
In ine chunged rondltlotw or r»r Iboae who kwp a 
* mir owiorluiiitioa. On our Hlile we 
to aim HI lwle|>etuleiuv from tbe industries 
of the West, which might lend to our Unlatlon; on the 
contrary, tbe relation* between IIm- Induntriea In till* 
country and tbixe lu the W<-«t *liould be nwdc much 
eloper tluill ever. N«ir eboiild our olijv^t be Ibe eielu- 
xhai of foreign nrLi anil lumitbni". wlili h will c.-rtnliily 
h-uil ua to sterility; on the contrary, Importation and 
eii»>rfnUi.n must be miltunl and mutit U enowragvil lo 
an ever-liH-ronxins eitnit. llume Indumry lu Jnimn I* 



It will be clear that the oo-<i|icrntion of foreigner*, 
Iruluol In tnteriuitlonal iHlMneax I* de»dnihle. wliile for 
the manufacture of urlkleK. eompllaited m regard* 
pnweaa, ik'llcate lu rising, or precise in mnimilMil, 
the co-operation of trained foreign liiindH will be Im- 
perative. But ihi the kIiIc of nuiiiiigemeDL dealing with 
cUhtoukera. umleraliiiMlIng public tawte. aial tbe p/i<|n-r 
wu>* of Htieiiking and writing, or in *e.lectlnx the riglit 
[M>rMio to eiimniuiilcnie with— In >Uiort, In all Hut mu- 
ll.* !*■ reached by rcaaonlng aiul calculutloim al»ut— 
the Mioperntlon of Ju|atnc*e manager* will lie deair- 
alito. Kurthei. the protective laMh'y uf the government 
and Its general emxiurugement of home lndu.it rlex will 
be met by Joint capita Illation. The day* of lin- 
ing InteCesU lire how gone forever, and the day llaa 
come for mutual Intercaita with Joint rv>|HoiH|lil||ty, tbe 
rlghta of bulb lain lea being juatly coiiaiileria] and 
clearly ■toflui'd. There ore already lii«.lnii.a-> of auch 

some of which are 
are likely to aueoneil. If 
we look dually Into these cuaea. however, it will bot he 
tUflicult to find out ample reaaona for these failure* anil 
*ucce«eea, Bolb kloda art eojially full of leaaons for 
Ibcec who would avail themselves of lhat opportnnltiea 
l«»w i.4rer*a| liy the ctiiiligod faitiillllotii- Kiic.-h n c-ltatige 
la ever lo be welcomed, and here lira a elmua; for new 
men in ibe field. 

To mc It aeema Ibnt forvlgu Una anil Invtutora ure 
too negletiful of aia-urlng their patent rlghta. In Japan. 
All the detalla of their Invention*, au fur aa they are 
expounded In the techulcn) |.<a|H*rM In their own lands, 
an? of ceorae i>pen to public acrutiii) here, and Ibe un- 
called Inventors here muy resort to Ihrac paiaMa and 
ulillni theio for their own benefit. In granting patent 
rights In thla country. oftViuls do not search thrimgb 
foreign parent records; It 1* iiihiaable. therefore, that 
the real InveJilora or the lawful taieaeitaora of patent 
rlghta shouhl pay more attention to this matter. Tbe 
laait thing to lie done would be to aecure tbelr patent 
rights here, and to look at once for tlwlr exploltatlan. 
either In the form of co-operative working, or of sell- 
ing Ibe right, or olae on the basis of royalties. It La to 
la- remarked, however. 1hat Ibe market here, being 
national and not International. Is. of course, too small 
for large industries ; and the most profitable Inventions 
will be tlwwe dealing with the commoneal kliala of nrtl- 
cle*. widely uaed lu ludualry' t^r by Ihe public, or else 
such a« will replace others which have already created 
a good market in thla country. 

In tha exploitation of Invention* ami manufacturing 
processes there la one thlug which might with benefit 
tic resorted to. This 1* the publication In Industrial or 
trade Journals, in the Japauese language, of tbe general 
nature of the invention, of tbe manufacturing faculties, 
of the properties of article* made, of places lu whleb 
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with cut* or lllustratiuna, and. wheu nec- 
eaaary. with the result of scientific testings, and with 
nnylbtng wbkh will Instruct people and Induce them to 
make further Inquiry, A few lines of advertisement Ut 
dally pa|ier* offering for sale tbe patent rlghta are of 
course uaele*«, since their nature can only be 
stood by u few siicclallsta. but not by the. me 
might take real Interest In the transaction. 

The following hrkf survey of tbe 
electrical Industrie* in Japan may be 
Tbe data have been collected within the Last six 
in the factories throughout til 
own personal ol>ervntlou. 

Motors, generator*, and transformers arc made here 
in large quantities, to meet a very great demand which 
very year. Aa to the «Ue, generators have 
up to tl,iiw kilowatts giving very good re- 
sults under test. There are two large factories wllb 
long extierlence, one In some connection with the tleu- 
eral Klectrie Company of the I'nlled .states of America, 
tbe otber as a part of a dockyard. Beside* there la a 
large factory adjoining and In possession of a copper, 
mine, which promise* to have a apt* wild future. 
Smaller factories which turn out smaller articles ara 
many In number, and camiwte ki*iily with each olber. 
All special Iron and steel part* are Imported, and thesa 
factories liave always to keep them in stock, thereby 
eauaing unneceMssry Ions and lnconveiileiici*. XiaacJal 
tyi** of inachlnee, iiimI thuae directly ramplial with 
water and steam tnrblncs, have been supplkal by the 
Importer* and contractors; but even these are now 
lu Japan to a small 



Niik.nu,. T..kio. Js ( «ii 

I'arliou fllninetit In iu|v< are nuiile lwr<' in n aiillafur- 
inrj way, tlmtigh wutie illincDUv Ik evia rlennal in uink- 



.liuillil.^ are nil lni|a,it.al Tungsten lamja. of iwillmny 

aixc 11 IX- nlao nuiile here in nillliv [ilacx-a. laith drawn and 
a,|nir1cil wires h»-liii; hu|Mirfol. I^infe factories In 
KiihiisiVI and (Ssikil an- liiriiing out Ictia of tbouaillnla 

of Ijiih|« every day, yet linrilly i iii.iu.-h t -.1 Itie 

pnMli- d^inaii'l. 

go.<l <|iul!ly an- tail. I.' here lo 
ii large anioiiht. leiivlng n.. r.a.iu r..r imta.rliitloti. aa 
sllllnlile ruw inlilcrlnla arc |.l"liti(lil lu Klnslliu ami 
other plan's, hoi the innnnfai-i iris, or "tralglrt nud uni- 
form tula's aeem* to Is- lltnllwl to tile length a.f ill*. lit 
thirty (a'titinu-tera. M.isr ..f ilie Lirice fuctorlea luce 
re Hnl. lo acts ..f u|.|KiTiitiis for t»Mlng lit-oilators. t.ut 
Ibeai- liitler. when furnUlHal with truiisiiilKMioii uirea, 
solin-tllirl'M give wily Willi tin- notiniil working voltage. 
Among Hollil insulating lunti -rials .rfher tlniii |i,.r.i Inln, 
el..nlte Is the only a..it which cnii be inioie in a g.sal 
quality. No subalitulca for els.nite nor nny liisulnlors 
to meet special clreniiistnncos arc forthcoming, iil- 
thiHigh auch forms an lamp-sockets or tnill liLsulutors for 
trolley Hue* are made to a great extent. Mica la largely 
found lu Corea and Mnncbu. though Hm. <iual)ty la not 
high grade. Ir ujijaaira cxja^l ua r.a-k or miner us an 
asseuililage of sural] ns-ka, nli-l lln'Ce la ,i pros|<a'l of 
Ihidlng the mineral of g.ssl i|iuihty In d.s-ia-r plms-a in 
the mines. It la still L-.aal .-liougll for milking a. .lie' sort 

of nilciii.il... ; but there was no factory for it till very 
recently, when souie nttcmia* In tbl* dlrc.lloo have 
l*s>n laade with g.saj prcs<i«s-l* of »ii<xx«t. .Nu|s.rlur 



India, anil In most of the electric workshotai It la used 
eveu where smaller l«l<sa-« of inferior .|iiuill> are gisal 
enough for the pnr;a.se. Knirinccrs ilo not seem yet 
fully to understand the values of the dliTervnl sorts <if 
tile intcMliite. Indeed, ir la now a general feature here, 
that in spile of the keen cou>|* Mi Sim under which they 
are struggling Ibey do not ba>k for Ibe new nintcrliil< 
which rhey mny use with much pmflt In place of obi 
oiwn, and In order to avoid Ibc uniKax-asary exta.ns«Hu 
the production of their article*. Very recntly „ put,.,,t 
right for hakrrlte has tjeeri nojulrisl, and the nwnu. 
failure will begin after one year. IndLa rubber Insulat- 
ing taiss* are made In many plans, usually on n small 
scale and In u very primitive wny. Insulating n.ni- 
pound* and ranilahes are miiile only to a small evtent. 
and none with a|wi a ] f m ii:rc* ,irv- yet tonchisl u|s«i. 
Transfimncr oils ure mink at oil rntlnerles, lrtil II Is 
mat known whether they meet Ibc strict miniremeuts of 
electrical engineers. All irthev oils for making varulslieH 
and rompounds nre luii*>rted, and tbey sta-ure gnod 
prtcca. 

Ammeters, voltroeif-rs, and kilowatt hour meters are 

natiug current and direct current nre also made her.- 
on a fair liuainesa scale nud auppllis] for use wirli small 
motors, hut tbey serve for indicating rntber ilian for 
mi-aaurlng, uml ilie consumers of eliaitric tiowcr in gen- 
eral ure indifferent. I have sis-n such meicra in proecsu 
of ciilliiriiii.ai l.y an ordinary workman with no proper 
dlucnilt.ii for audi work, who wns glilng an iillowauri* 
of ai) per n-ut cither way, nud lallbr.iting with tbe 
fluctuailug city supply aa the electric annua-, There 
factories, hrovcv.r, wluro Ibey make switch- 
Wsird Inalruuieiila. accurate to within ;t or * js-r cvnt. 
sUMtlicil with the generators made by tlic-maelvcs, but 
these cost much more tlniii im|y.rtiaj ones made by welt, 
known M|jcciallst finua in Anwrlcti and Kur..|sr. Tln-re 
Is no munnfartiii-vr of Inatrurnciiia of pmisbin fit for 
sckntinc uae. For hot wire Inatrninents ilsre Is dim- 
culty in otitalniug pro|«er wires In . 
slatnrav-lwies ore made. I.ul wilh i 
t<!m|amlnre cis-ltielcnt*. Tlie eni|.|oyniclit of physlrlals 
In factories L>?gan only u few year* ago. and riiere are 
still places where men wllh no projs.r caiiK-nllon hold 
tin. place of chief engineer There is no place such oa 
the Nutl.Jiia) Physlnil Ijilanratory, or the Bureau of 
standards, with a stuff of Ibe hlglie-ct aclentirlc i 
Mod and with adequate modem < 
work. The devriopmcnt of the potelillnmcter must help 
them a great deal, but 1 liave not *cen at any commer- 
cial Indualruil workshop a 'cnlly good potentiometer 
from well-known maker*, and prcacrvod in perfect cvin- 
dltlon. nor have f seen n battery of aecoiHisry nOls for 
the ekciric raam-e In callbrailan or testing of direct 
or In driving a motor general or 
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Hi).* i %>|>tH>r wire* of all 
rubles down to silks-ovcred wires uimI ruiilicr cored, are 
ibimW* here almost to the entire exclualou of lni|a.rtcd 
article*, uuil nil Ihewe factories are apparently In a 
l»n *.)s>roiks conillttiMi. though competition Is very keen 
in this uk hi nllier industries. Kuameii'd wires are 
nuck III MiDiB of the factories, but Uie demand In hIIII 
I not yet e»(j|till>aiec1. Owners at 
•gun to make wire, 
aud lb* factories with no mines of their uwu are feel- 
ing a handicap In this reaped. Copper wire* of amall 
diameter* arc drawn up lo Xa M) S.W.G. ; Itfteeu yearn 
iiikj I had Id wall sis mouths to import a pl*r» of 
.v.i. 4i 

I>r> cells arc made In nuiliy plilc.* on n small scale, 
lull the dcliinml Ik Increasing every year. >l«sr of III." 
faoloric* <lo not is/wcss tin- pro)s-r aisjiarnlus for lest- 
lilt Iti.ir prodllrl*, the general public accepting lliim 
unicstist. while la sutipl? lug governmental customers 
rigorous s|ssi Ik-all.. n« arc observed. Htj cells fit forsliHr- 
Ing. made of Uir t.v|ie In which some Il.juld Is poured 1n 
nt llie tlltvc they an* used, are In dcinand by the array, the 
uiivy, ami In Hi*- iclcgrapli and telephone dc| art incut*. 
Necmaiiiry celts of lead tyia- arc now n 
three plio-ov but lite greulcr |»rt ..r Ha- 
ls Increasing every year. is supplied liy lrn|tor(erv 
Th"-*' wlto are going to Install them naturally imy at 
friillon lo (be life of the cell*, ami therefore bs.k for 
llio pnslucts of wiil-csfahllstin) foreign fiirtnrh-s, un- 
live factories being ilill ti«i young lo Insure goul r.a-- 



iit-o lh..*e cartams which ilo not require sia-vial pl-a-- 
w*i are made lai luuny puicva, Hwaigh <m n small 
scale. Thick carbon ruda for searchlights and rallion 
nraiiulfH for teliiitn'iK' work arv not yet muile Iw-n- In 
pni|M>r iiaullly ; «^artM»n brit^ioK. Ilkoush iiuolo. are iiineti 
infoilor lo Imported .•!><•«. 

Y'iJ<B»om Tllei/mph /tp;i«r«Ja«.- I'liblte lob' 




llie aiitnratux belli* flscd In foroi. are ..I.I In ty|ie. rx- 
In few InntUDCoa where uew- InveiilloUH are eiu- 
Jiloyi^l liy way of trjaU, M.««t irf tlilf* pnhlle. tolepliocie 
an. J lelecriipb u|>(iaratU9 !lan 1ki*u ^lliipil^l l.y two 
llnilH, oiiv purel) .liipauiw hikI tile <4Imt In cI.mc toit- 
l.e<lli«l with tlx' »'«t nml ttl* al^inratuv wan Kiil> 
J,T<«t to -.ren. Irtub. ocT>.nlli* lo tbe |«,lliy of tin- 
K>is.'riiiiM-ia(. An lo tl«. Ii-l.|.h./ne. any new iippunilie. 
mn> Im- ii*c<1 iifier li'^i'tiiiui'iit liis^'tiou. I.ul tbe puti 
llr bi imK rrry tAartUillur tttnnlt it. Aulouiatk* e\eiiub|£vt 
lire not yet irwiiillfnl for pnl.lle wrvloe, Mil m'iiiI nni.. 
inntlc odi-ii will mime iluy lake Itie pluee of Uiinl wort.,-1 
feitnile ntu.rat.il>. 

.1»>wiwti« /or XKiiw^lk- /.Virfrfc-if*!.— |-|Mln«» for lliilil- 
lli« U»«l In Jlliam-M' hou>«* lire doi H.^iIiik to nm-t the 
lllnlc of the pi«iiie: bill tbiaw for blllLllo^ of foMjtn 

sl)lo. for ottli-e* anil .Iwi-IIIiiir I wliltli iin. Iui reii« 

hie very rapiitly. ur*. itn|N.i-ii^l nrttrl.^. \'o eleetrir 
Ironn are lumle lien*, nor any eb^'lrb' lmilers i»r 4iM>k 
iim nteliHllH, while eleelrle fillm tire only ilianilfuel iiretl 
lo a very IIiiiIIimI exieiil. Suppllem of electrUily an- 

MOW c.lll|H«lllR Itenvly with oiw auollier, but f.w ilir 

n.ot for llfblliiit |.<ir|KweB ouly. When Ibis content 
to an nml. anil that will !«• n-ry mwu. tbp miiun- 
of all MikIh of apfwraluH for ■ 
will rlan quickly to u mate of uraqierity. 



<'lil>» Klioulit br mketi to avoid (v.lllMolm ulid otlM'r 
m-oiih'iiiH wbwi eiilerliiif or timing a public enrage, tatr- 
ilniliirly wlM'ii tW-n' In but a xlineb' d.Mjr or itttiouixowii)', 

whkb U uwnl both f..i Iriuxy. ami for exit. If the 

driver ninoM ekiurly m where lie la KolUK. be kliouM 
Homid bis born re|>o»iedly, and proeivd rnry atowly and 
ruuiiuiu>ly. If a iliK.rmuu In In utleudaiice. bin dIkiuiIh 
Hhoitld alwnyx I* fnllhftilly bwlml- The reckleaa or 
cureies* drivlnit ami biiliillliic of car» In public (Piruse* 
nhonld la. prohibited. 

be Inken wtion traii>|H>rllne auto- 
on eleialiHjH In iwmitiw. Ak ».«in iw a ear bun 
lieoii nin iiiiun Ibe clevni.»r plutfonu the bniki^i nhould 
lie wt up IlKlilly. and It I* wife*! t.. hi..p Ihe eintltn. 
until Ibe level in raiebed at wbbb the car U to lie In ken 
off. All lairtn of the elcraior and lt» oinrhnnlmn nbnulil 
la* friM(iM.nlly anil earefully exaiiiiueiL and an) ilef«H-lH 
(hat are dlw^iverwi »li..ul.l Ik. r.-nusllrd Immediately. A 
Biileof npeelal eonmriKlbKl and Blnliictli hIwmjW lie pro- 
vl.li.l ut ever}" liimlliw- I'utlure to n^aln «iulrol of a 
ear liiul brlui! It lo n »Hii ln-rore It «lrlke» Hie Kate turn 
eausinj lutlliy ll aerioil.H aeeiiletit. where tuitliiliK more 
■oiliHhi.il lul thnii Ihe orilliinry elevator sale ban Imi ii In 
ll***. A heavy borlsnlitul latr, luade up of two uniclo- 
IroitH vrllb a eore of wmwi iH'tvo-en Ibem. iiihI plaeinl 
about twenty iDebeii above llM' lloor level, will farillnll 
prol.-et|..n III eilKw of tllla klmi. The f»U-* iluiukl W 
im.vldi-d wiih h«kK I hnl can la- o|«-rai.-d only by Ibe 
1«-Tvnn In eharitp of tile eleralor. 

Kleolrieilj |h onltuarlly UHeil In iMrnn^ lo furnish the 
llM^lve |mwor for ihe elevators and for Ihe various* ma 
clilne I. ».ls that are used In Hie r<i«ilr >Jiop. niul all 
IsiHHii.le precaution* idiouhl 1m- (ukeii (o jrtiani timiinsl 
a.vl.l.i.iK Hint nin) 1h- eaiossl by li» ow, Acd.lent« are 
(.fleii i-aiL-d by ihe ureliii! of awlleta-a on account of 
d.f.sllve des.ti;n, or l.o™iiso of Im-k ..f atleiitlon Id 
o|».raHnc ih.in. Mol.ar-xlarlli.il swllchea liavinit a |>.- 
volt rcl.-iisc may <-jil--.e in-eidrtils If tlwy are allowed lo 
Set Into lad eoiiillllou. hi I tin I they fall to return In I lie 
starting ini-dllon i«tu|a-rly. In audi a cuae a Itasli may 
Is. |m?i«Iii<h^i rin* im'XI lime the motor switch is thrown 
iti. ami Ihe allciidaiit may be burned. Acciilenta also 
.«« nr when replacing fuses, lavnuse of |»s.rly ilesisood 
fuse holders. rb.f..re rviiewliiic a rn-e the swlidi Klwtild 
always Im. oiwimsI so that llie jsiwer Is «'iil off. It la 
Imp.. riant for plinr ciiinis-torx to l«. of ail approri-il 
tyis- uimI well InsulalisJ, no that it will be impossible lo 
[Cot a sJi.N-k frotn Ihelil- Klenlbl*. c\lelc*lon CoCils albiulll 
Is* 1bi.roili;lil) Insulated and siioiild Is- kept In good coli- 
rililoii; and Hoy sb.wlil not is. ix-ruiliml to lie In |>sil» 
of water or ..II Mia I may have collected ou tbe floor. 

Oms) lliditlnj; Is Important In all parta of the (carafe 
aud repair shop, and wlwu &ulHcU?ut dayllvhl is not 
arallable an adequate numla>r of artlik-lal light* abiKiid 
la? pro>id«l Tlx-ae should la> of an aiajiroprliitc type, 
ami they should In? primerly Imratod, and jirovided wltb 
Nolblne should I* inad but locan. 
ehvtrle lamps. TIm? bulba Inside the (ara«e 
alHiukl be iamtccleil by wire-meiui eourrta. ami those 



conduits, or be ilistlllllisl ill soliw oilier .spmllj eff<a?tlve 
way. Fuiaj liox«* ami swilcli« should la' ba-ali.il wlx-n- 
gussilllle *»|h.|h csaiiliot rvucli Hm-iii 

All la-ltK. pulleys, nurs, existed snaftlim. and oilier 
daiineroUN eleiiK-nts and pla ( sw should la> effectively 
e^mnbsi, oud elulcbea or inecbaulcal belt sliiftcrs 
should ta> proildiaj wlM-rcrcr they are needed. Tools 
aluiuld In? kept in Booil eondltloli, and any that are 
broken and defective should In- pr.uuptly dlscardcd- 

The «lock riawia stionbl la? k*-pl in an oirlerly condl- 
tlou, and all spare |Hlrts, slis.k. nwlirUK ami tools 
should >v nrriii.j.-wl In u noat nixt orderly niiiiou-r. 
TisjIb and materials should uol la- left lyliiK uls.iit <ki 
Ibe li.nirs, where (arsons may sliiiul.le over lln-in I'ur- 
Ik'ular cure slioald be taken lo keeji im.v«ais-wuy* and 
stalrwaya fns. fnun obsinicllons. Iirlvcrs of cars, re- 
l««lr men, i. ihI otliera who mi) have occasion to slurt 
or run automobile emriuea. should carefully bis-d Ibe 
KiiiWIlons that nr.- «lven with rvyjnrd lo llie oiajralbai 
of llie einclne. 

I'nl. lie imrtip-s, usually piv.vlde ci.inpre<-eil air for 
ilillaliuif tlren and for other Iturtsiss-s, and l)i..iu;lill4rvM 
persons atann-llioes eiinse liijurl.-s to .. Iln-rs l.y utloiiipt- 
itiX to plu) praclbiil Joken with It. Tbl< Is an extnunely 
daiuicroiis pnietlci-. and it siioiild never Is. allowisl. 

Many of the accldelils Hull .s-itir in tnrin.t-s are 
cuusssl by IliouEiiibwiiraa null cun-bwarw. ami .miefa 
are due to lax iiK'tbmls. to Ibe omlBsluti of iborouith 
|a.rlodical insiaa-lions of ibe various jurts of the l.nllil- 
Ini; ami maehlnery, and to other causes, fare combined 
wllh failhful alteulioii to details of every kind, will 
ri-sulr lu a confident I »le r.alinlloii of lliese at-videnls. 
and will amply rei«.v llie owm-rs of iairaj.i-s In many 



The table and Telerraufc System of Alaska has 

las'ii biilll up alms, the year l!««i, wln-ii Ibe liill.sl 
Siiii.-h Sisriul t'oris., us a uiilitiiry iin-asure. .-..uins-ti-.l 
tlx- seatlcred |ajnts ill tluit territory. IjiI. r. In .a-.b-r 
to ol.vbite the neiv^lty of aeivdluK lanlera arid instnn- 
Hons over a leii-icraph line thn«ish forelini territory 
It-aiindiO, the AUiskau s.vsl. in was cotiinsie.1 l.y eiible 
with Seatllc. iiihI oilier cuhhn were laid between |aH-|lts 
in Alaska. Tbe Wnshlnirbai Aliiska military caiile and 
Ic IcKraph system now Itniuiles i:.ii:tij iuIIcb of siilimnrine 
mble. 1.IHU miles of Uml IIii.h>. and ll) radio stations; 
ami I* t.|a?rat*sl l.y Tt inILstm anil 'JUO r'nlistisl men of 
11m? .Siuual IVa?lei, wlum- a. hlevi-tni'lits under dlttlelilt 
ami ilungiToiis eoiiillllou:. arc, In the opinion of tbe 
llbxr, "worthy not only of lib-h .h»,i- 
but of a plaiv In the annals of the country." 
Now, accordluit to Hie same oUlcer, the time bus nunc 
when this system is of little worth for military pur- 
IstNca coni|*>rcd with its value In devHojiliiic the mate 
rial Interna* of the territory, and it* transfer to the 
Pis-t mine tiejstrtmciit Is bclin: nri»sl iiin.ii ('oiicrrsB. 
It is IhunhI llmt this tnilisftr may lie clr.s-leil during 
Ihe prcsnit Winter. 



for alleniailii* current lioJruimwUs such xi— .1-1 in 
siruuieiits as (lie uaclUoimtph are still cuusidered a 
luxtirlinis ei|ulpiiM?nt In places where they are much 
ueedeil ; but obmmelera and Buck like are used to a 
great extent. Thiau- meters, which serve in sellini: 
and buying electricity, niirsl now laass the examination 
or the Telslilusbo (Department of Cominuuk-atliHi). 

birue amount, but competition being keen, and under 
the public Idea that electric apparatus, has mi ilxrd 
price, they are sold at half ibe catalogue price, and In 
aititliuat one ipwrier of (be selling price Is (aid for the 
f.s< of cxainliuilloti. The uunnber of Hieae meters exam- 
llosl ul Ibe Telsliinsho last year nsicbul .IStMsi. and the 
tliruiv luiniisiHi . very year at a rapid rati- 

/f. «i»/uil<»- Mutt ,,„!» -Non,- of Hie alloys used as He. 
lunlerliiU for electric resistance*, except a small amount 
of lienuan silver, aiv iuaik> here, and the uniiiufacluro 
of such alloys Is in a very primKlve slain*, llouse- 
ipiently all li^sitliMj clcni'iit* must ta' lia|airtc.l- 

Itubls-r works are in a pn*«ja?rou* ct»uditloiL. bat not 
siilneU'iuiy a., to slop tlu- liupnrruth.n mlli.-l). In r.,r- 
mer thnea Ihtss? rubber works— Ihe manufacture of 
els.nlte and ollts-r Insulatius materials were a |urt of 
Ihe el.s irbnl ImUistry lint ibey have latw fouial Ib.-ir 
pp*|s-r splM-re, making sueb arlb'les as toys, lasjts, 
mala, li.s.e, i Ires, ami isieklngs, ami Ibe ruhla-r works 
for Hie pur|a.*c of iiusiilallou tune now btss.nic a part 
of win- mid <wbh> factorti-s. liiasi nihls>r Is, of conrse, 
inils.rl.d from South Auierbn through l^.i.ili.n ami 
New Yi«k lirius. inferU.r uuallly ruMa-r comes rrom Ho. 
Straits Settlements, while llie experluienlul cultliailou 
of the tree lu Formosa Ls likely to end In dlssp 



Garage Hazurds' 

Mmwax garages, both public ami private, labile* 
being used for storing and Ivousitig auiomol.ib-s, are 
usutilly mow or bus conipMcly estulpjssl to uiake re- 
pairs, and auppliea ut guaollue, and luhricanls of vari- 
ous kluda are also atonal about tlieut, aumvtluiea In 
considerable quutiUliea. Kxpluaious and tires ure likely 
to oisjur from ImiiruiM-x handllii-;; and stoi^ge of Hie 
giusulllie, and accideulB of many other kirsla also luije 
|s-u. The following auggesHons are made la tike liota? 
that they may tend to mitilmli». the ibiiiis'ers I.. ubkh 
icaruge euiployeen, owners of auloiuoblle?s and olber 
|a-rs.ais may be cx|s>ed, and to rvalutv Hh- niimlier of 
accbleuta due to carelesiiieaa and lmproia^r melboda. 

Uasollue should Is? slorisl In iindertrrnuiid tanks that 
are l.avtial in a safe isatltlon. Most cilice uml Uirge 
towns have vrdiuancv* that regulate Hie location and 
nature of Mich tank*, ami ore Insurance underwrtterB 
have also gfveu careful atleutloli to the subject. The 
tnuks slMiultl preferably bv place.1 «. Hi.it li. case of 
leakage Ibe gasoline will now away from iieigldajrlug 
iMilldlnga, intstcud of inward Hiem. All pl|a-s and coii- 
ihs'I Ions used ror conveying or storing gasoline should 
U> examliMsl freijueuHy ui ib*tis?t any ksiks Hint may 
exist, and if leuka are discovered Ibey should be re- 
Isilrtsi Irnmedluti-ly. The eoiuiecthMi for tilling tbe lank 
should 1st l.a-ated outskle of (lie garage, ulld Hie ground 
aniuiid this coiiiieciJoti adioukl slope awuy from the 
building, lo curry nlf any ga~illne that might be acci- 
dentally sailed duriug Ibe prucesa id uukaidlnc. 

■Nmokiiig. the lighting of muli-ties, ami tile use of o)«?n- 
llulile iaui|e. aisl blow torehes or braxlers, siuiuiil la' 
ubsoluleiy |a-olilblti-d 111 garajr.-s. Ker.ts"lie ami acety- 
lene llgbt> on au(..l.lol.iU I s should be cxIfugulsJn-d wblb. 
lite gasoline tanks iu ihe cars are being llllcd. It Is 
dangerous lo clean aiiloloobile eiiglliir. and other lairts 
of Hie cur by Ihe use of guaollue delivered In Ute form 
of spray, and whin Ibis mrthisl Is iimsI s(s«ial care 
siioiild be lakeli to see that there la no o|s?n llame lu 
Ibe vicinity. tJlly tviitou waste ami rags, and olber 
slmlbir oily and giva^y malerbil sliouhl be placvd iu 
metal cans when they are ma in iiuiueduilv uw, ami 
siioiild be covered with closely Citing covers. .Serious 
expluKioua ure often caused 111 sowers by giiM.tllw. ulld 
oil that have .s«w|a-d Into lli. ui through live waste pipe* 
from waabiug stands in garages. In many I.smIIiIcs 
laws or ordlnurus* nspilre Hie use of separators, to re- 
move oil uml gasoline from Ibe wutrr befont It ri^iebes 
tbtt Newer, and we strongly ndvta*lto tile luslallatlon of 
such wiuiralora. eten wben Ibey are not ns|ulred by 
btw. titovea or otaui fires should nol bv used in garagua. 
Tbe heating should be done by ateam ur hot wat«r. 
piped from a healer located In a separate room or lo 
another building. (Jhenilcul Ore extlngtilabera, or boxes 
containing pleutiful suimlleji of dry aumi, earth, or auw- 
dust, should ta. placed In every guruge to be uatsl In 
case of Ore, uud utteudanbt should la) warned against 
atti-nipllng to extinguish gast/llne Urea with water. 
Sawdust or sand la beat applied by a broad, flat shovel, 
similar lu a snow ahoTet. 



• ban*).***- tram r». Trailer. «lo.4«ri- 



Ihat are loeuled tnair the gusollne aupidy, or wbern 
gasoline la handled, should be Inclowd In atmt Tapor- 
proof glaaa globea. All feed wires should be placed In 



The Northernmaal National Foreat is the Chugwch 
in Alaska: tbe solltlienuuost U Ihe I.tlqillu III I'ortu 
Kli-u. 
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Th«* muoo, 8', da; a aid. u ma 
through <hc trlmrop*. 



Kirat quarter, u »ren on the 
anilpltirwi moan. 



I qaarlrr, an »e*n on Ihr Hculp- 
terrd model. 



Thr moon. itOJi days old. na i 
Ihrouirh l he trli-Mrone. 



How a Plastic Model of the Moon Was Made 



The Hemisphere of the Moon Constructed After Telescopic Photographs 



By HcrlxTt Collier 



Arm Bum* years of tefeMcouftc observation with a 
IlrasJiear telescope I determined |o undertake tin- task 
of sculpturing the iduou. mainly fur the purpiwe of at- 
taining greater familiarity personally with every detail 
nf i be surface. 

When you consider that Hip nrlWl's model was some 
•*M*,t**i tulle* a way anil had gained a reputation 
through tin* ages uf bring "fickle." aoroc of the dlftlciil- 
Ntf l-wmii* apparent. Kv»«rr day the moon ha* a dif- 
ferent appearance — a Dew dreaH ever) sitting. Am (lie 
sunlight miii* over the hltla and lights up the moun- 
tain peakx Ihe view of yesterday change*, tirwl ipiHe a 
new results. New vullrys, greut yawning era t era 

jiiin|i Inert view with tbNr dark depth* untouched by 
t-vt'ii u icMiiimer of twilight, forming a liackground «if 
Keuihrtmdl's Niooatng. routlnnally the terminator, the 
Irregular dawn line dividing light ami dttrkiH***. la 
moving forward. On the earth thbs travel* nt the rate 
of about l.raJO tulle-* an hour, completing (be circuit uf 
tike glotic In mu* day. Od the moon this movement In 
iibout *J3T» uillea per day, i>r nearly 10 miles an hour, for 
the earth turn* round 'J9V*, time* to cue revolution of 
the tin mi i, 

Tlie details of era t it* — breadth ami depth, a crag 
here, a i*r*rt|tlii? the if — show Nearly, contrasted by the 
shadow* Hut a* Ibe miii rises all tbla pussea lutu 



[.lurry confik-b.ii In il »• tierce light of overhead ray* In 
such a moving pirture Ibere Is a peculiar fascination. 
A new panorama presents Itself each night to tike watch- 
ful eye. To aee It all la luipii-vdhle. ns Ibe roouti li In 
Ihe visible »ky for but a few hours comparatively, and 
nightly vtkdla wllb Ibe telescope are aure to be Inter 
rupled fnspkcntly by etoady weather or had atmos 
pherle condltlom Thu* a bum omrw «<f hiking la ob- 
ligatory before the student by iwrmHial observation 
know* tike surface of Ihe union thoroughly. 

Though wy e)e bad registered Ibrmueb tike telescope 
thousand* of lmprc**h»i* of the surface markings of 
UK iiiiNin. I dared not trust that orenn w>tely In trana- 
ferrlni; tbent to actilptnrv'. Amirac*}' of n--.it It de- 
manded exact uie«>»ireiueuta. Telesn>i>lc phofograpba 
■Vnaaal an utirhnnirinc rrtxinl. They jrlre au tmlellhle 
lui]iret*Ml<ni i»f what la revealed, and sued ikenikaueut 
rerurd i* rendy fur lme«tiinitiuiL at all tinier. Iteyotid 
ipieMilnu. phi-tnurnphy pre-eminently ha* enabled axtron- 
umy lo merit the title- irked It tu-day "Ibe tm»«t exact 
nf Mcb>necM." Therefore 1 made, u» the fniiuibilloii uf 
my work, Ihe l«e*t >«erle«i nf pbi>toicrapha uf tlte miwu 
that Ihe world baa today, which 1* known n* the l*arta 
At la*. 

Twenty years him M. I^oewy. tbt* trlftenl director of 
tike rarbt ObaerTatory, with bta colleague, M Pulaeux, 



Bltdfrtoail the «> strain lb' pholographliig of the hxmi. A 
unique teteMeiFjie wax d*^lgtM*d. and elaborate ptaiut aud 
s|Hs'inetilbnia made fur this muarkabUi undertaking. 
Tile Instrument wa* an iRgpiibiUH cooiblnutfou of a huge 
ob>«M't-ghiMM or light cullectur nearly two feet lu dhim 
eter and mlrrurx. l^|uatorlally mounte«l and driven by 
rlorkwiirk. the refracting lens faithfully followed the 
object iiertHui lite akjr, while the mlrror>. two lu nura- 
lier, were ao arruuged a» lo emivey the linage tbuw se- 
rured through a tube lu the wall to the eyepiece situ- 
ated within n ixunfortfllih* room. Here Ibe camera wan 
attucbeil, u the men worked free from Ibe itxual 
bodily discomforts a**i«*iatcd with Ibe ordliuiry lele- 

aCDlML 

While wmw of the lliu-*t littllvlduul phMographs of 
the mixm have U-en ttiken by the great telescope at Ibe 
Yerkes oiiwrnitor)', Wtilcti la the hirgrat refracting tele- 
scxi|«e in the world, nothing can <Nmilinre with the series 
s4-cnnsl by the l'nrla aatroiMajueris tbrougii years of de- 
voted effort Thousands uf photograph* were taken of 
Ibe niiNin at all stages uf lt» progress from new to full, 
and then on to new again. lNmslbly twenty would be 
sreurvd one night and but one selected as good etiougb 
to enter the utlas. Tlicsr plr-tures form a woikderful 
catalogue uf the loiMtgraphy of the im-m. presenting far 
more minute delnlls of the surface uf our own satellite 





Full moon aa aeen In the trlearopca. 



I- nil nvooa as it appear* on the model. 
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thiin wr know of our eiirth In many roelun*. The atl»» 
wa» m me n tul.le book wiwrhir to » perxuial vi«lt. 

tearful Irst thnuiirh lurk of kii.iwlc<l4.'r of the Icch- 
lll.juo of sculpture I should waste much riilunblc 
time. 1 devoted fully tti.\ mouths to III.' wtluly of Ihls 

*<**-iul feiilure. Then after coi.siillnllou with n tmn- 
Iht of skillful nrlisl-S I comuiciicvs.1 i.|*-rati<ins. 

J-Piistl.ln.- a|.|*-an*t best sllllrd lo thr conditions 
under whl. (i 1 was lo lal«ir. It I* n.»u dry Ins ami re 
s|~.i,il* .pilekly lo manipulation with n l. ml. A sillllil! 
of Hint- "!• f"llr hour*. Hull 11 day or two, null annlhrr 
sllllm: Just a* my spare llmr |«'nnlllr.l. proved pln*- 
tlcliH' on excellent tu.slluiu for Ihe imrprar- 

"Hour Me dull 1 make It V was u troublesome .luna- 
tion whlrh received answer III the srhi'tlon of a w«k a 
,.f 1«» mile* In the Inch. Tilt- iiuhii liili-lue a 
uf 2.]im mile*, thus liroiutht my work lo n like idi-iii 
nr. im iil of 12 Inch.'*. Till* was ii oniiciilei.t workable 
liasls anil proved satisfactory hi every re*|Ks.-l. 

■ inly hiilf the lii.*»n I* visible to lt« ut any time, and. 
stninee lo suy. it i* always the same half A pix-slita- 
fl..|i |o ^niyally"' deiunu.1* thnl □miliiiti turn* not her 
back to the rraml chair. Tlw aiipmnch. tl..- how. nod 
the retreat rail fur skillful maiiliiuhill.m of her tmubby- 
mmijo I ruin, hut klw must keep her face ever to the 
front. So tin- mono sedately circle* about Ihr .urtli, 
ami In true sutwri-vtriire observe* this custom wlili re- 
markable precision. Kverj 20^ dny» Ihr m.s.n makrs 
thr circuit of llui .-.irtlt. At tbr saute llmr she turn* 
.vunplctely found. Vi-t »llli i-r-nokltu; constancy '•"«■» 
-he k.s-p that our sldr to its. A sliieht swnj ilix of thr 
Lull called -HI.rtiti.Hi- permit* a |.*-p at time* of a 
llilte more of the "nlKiV ilu.u ll,<- exact hnir, which 
t>^tl> make* it total of about oO |*.-r cent of IImi wImiIo 
sorfiMNi |»tr?«-iitril at ilitTrreitt tlnww to tlir *«rth. t'oii- 
M*i>n>ntly. half a n[iln*rr I* ri^illy all n*r nrrtl to rrprr- 
smt tlw drtallH of Mirfmv ctiamctrrlHiH^i of thr rarth's 
Milrllltr, whh'h am known lo mankind. Tllrreron-. a* 
a ftaiiidatioii for my iwmM 1 ciaiBtntrioil a hroil*phrrr 
..r M.|«1rd wrll drlMl woikI, linulnillrd lo |irrvrtlt Wlir|^ 
liiu Tlirrnllrr xurfura •»« thrn llhrriilly Inntiil «llh 
slirlliir. Willi a dlnmrlrr of 11 tliclitv till* wood «irr 
alUminl a hliiiikrl oivri-liij; of iitaMirtnr inrli in thii-k- 
lurs*. ttin* islviiiK u total diamrlrr uf 11' llirtir*, A iHiard 
HI hy 'Jl liH'hrM i-i^rvrd an Ihr loiw, ami to thus wn* fa*- 
irtMKl llir h«iil*|ibrir of wi«nl and plnatlchw'. Thr 
prr|inr«llo«iH wrrr rmnidrlr- Xntlne the datr. May Int. 
l'.HIt. actnal o|.tatlotm cotlioio-nrwl It wim rlulit 
months lairr wUrn thr hnUhinx tuurlim wre a|i|illr>1, 

Tlir |iboto^im|ih of a ImiH mtrh iih tlw. moon iinwula 
Himi' lirtulUritlr-. TaVr ll )'.' -Inrli lilli'lo of a IL' inrh 
Imll. Su|i* k Tltii|MM^ |hr s|i|iiiri'iil rrulrrs. at thr kihdc 
timr vrra|i(illLj: thr Jiliolo |a|irr arolltllt Ihr flKN' of thr 
l~ iiil-|.|H-rr It l>. imiurdhilrly ii|.|uirrnl that Ihry ilo 
not ii>rmqa«id and nill not Ot. Tin- l*l"lo jmra-r larks 
prurtlinlly srvrn Iwhrn of wvrrinK Ita iwolotyia- Thr 
reason for this In «|Ultr rvidrllt. If tlw ]»llolo Is krjit 
llat and rrrtlral llnra pni>n.'lr<] to Ihr Hurfarr of tlir 
hall, tliry eoitiriilr jiorfrctly. Thin trrsrly rxplnln* thr 
iiH.th.sl I adi>|i<<-il on iievouur of Itx siniplMty In trails 
1-^lim amiv riik-ulailoioi, 

A photo of tlu. fall m.MMi I* »rry murh likr Uh- pre 

llinllllirv skrt.1l of thr l.ill.isin|«. |«lllt.T. Tbr srilH. 
Ihosi. mut dark reirtins whhli ru n tlir lillk.il ryr dls- 
iitiis plainly, an- nhs ly ..nlliii.il. Somr of tlw more 
prominent cmlrrs lifr l^ilisi. Th«' llM.ro Important 
mountain mucin are ronzhty liidU'alisl. Ttut thr ilrtalls 
of all lhr*c are lo W shown lairr. I first srlrrlnl siirli 
ii plrtiire. an rxo-llrnt otir from Ihr Si licit ItiaslM-ar 
lrl..«vi|a. ..r l>. It Marsh, Si-.l)., F.K.A S. IMiic Just I'J 
lii. bin in diamrlrr. It scrn-1 Ihr |.oi|m-.- admirably .if 
mi ...illlnv skrtrh or ki y. \'nrliHii.s |m,1i,is „i, |l,l, 
rhtT.ni ami s.sai ]>rojisi.s| unto tlo- niisl.-l. As thr 
work pi'Kr.'^M<l rralrn. nmt pniminrnt phyni.-al f(4- 
turrs, vWhlr only In .<brr pholiw, wi re llrst tivrn tlwlr 
pr..]HT limthuu on Ihls U.-y, Ihat they inltht lln.rrliy 
ts- ;i.\-iin»lrl.v plural oil Ihr lnoilrl. 

Kaih Paris iJiol.. ictvr in unut ilrliil snmlt 

nil. hi 1'isssllily lint onr or two rralrrs i>l Im|»irlan«. 
would I** sh.rtwn. Another plrtnrr of ilw snnir rrcion, 
tint unilrr .llfTrrmt Hirhtlnfi condition*, would cliantr 
thr ariparrut physical feature* to n rriruirknbk itrirrrr. 
Thus a mimlirr of picture* of every district, showing 
tlir clnncrs i>r.«lilo.«1 by *nul1ght rnmlnc from tbr rnrt 
,.r fr.ni ihr »i-.t. roust Ik. carefully mmrwrrd In ..r.lcr 
t.. in rlvr at a full nn.lrrstanillnc of thr real ti<ts«ra|iliv. 
With a litmilriMl surh |.l.^..s l».r,.re in.' ri.ustaiitly, thU 
t:i«k a»i> by far the ereatrst ami ..f prime lmisirtaiicr. 
Thrrr .irr in. Inilltflil hliinloos oji tin- ni.s.n. A Elaitrr 
:tt ii ilnrk >|s.| nin> trad to thr .sinrliisloii tluil a ureal 
In.'.. I- lh. i«. to Mlil. li ih.. siinMsht hus not n* yrt horn 

ml Iisl. Kurthrr !n>r«lli::il1..|i ..f II In Hlar pictures 

r.nnl« lb.- fin-r th.it Ibrrr is no surh milt), mat that 
III.- shadow I* dnr I" 111.- r«*-n:|.ir i-i>i.r..ltn:,l |..n of an 
ll.i.'i ' .'iill.tr I. Ill 'I Ii..iil-1i tin- v|i :( ,|,,ws llins ii|.|> nr 
|... ri ling ril'.l nr.- -.mil.-lllnrs i.-n n. Ul. nilllii:, lli.-v ;irr 
-|.I|1" in-r»-*siiry for an iifidrrstamllii^ of thr In-lL'ht ..f n 
rr.ili r wall, nud a liiiiiilrnl olhi-r umi^umiivtita of the 



They shnply ro- 



vurloua onformallons of thr 
i|ulrr due mu»1ijerat1.m. 

Tlir miwu Is it dmd world Thr moat inltiulr Invm- 
tlycatiiui Inilh'iili-s that iiothliur ronld U- nmrr so. A 
dried up, wrliiklnl. wlwued. scarnsl trtrrnti, It Isars 
llui marks of trrribh- cMntlb'is. of trlicniitlc striii^rhv. 
Wr know- tuit its anc. Id.1 water ..noc rtixh down thir^' 
wimdroiL*. mountain K.iri:ri.^ Ihil tlir as-a riHih. nud 
play nlsHll Ih.o.. l.,«.-i-|ii t ,-.i|«-» Ijiplai-.. ami lb-rai llih.s 
and nt llnu-H iln-.lt mildly apilusi Ihonr srral pri*i- 
pl.irs? Wr can only irm-^ thir ranrj pl.-liirrs. in the 
dUljint i*tst. Mmililii; vrvrtalloh, lifr, Joy. and haiidnrir. 
in it world of ichiry. It. is true llu.ro are m.iimi Itiilkrji. 
th.io. of this. Itut di*ith man'. Like a mummy it Is 
today. ]<lfr driutrtr.1. rmlailmi^l. naught remallkx bat 

i.r Ufr la Kinie. II* lil»tory. It* riiwrtron-* writlm 111 
ilie nhrourt. are In niyslertoiw lili'iviitlyphkH. of which 
man has been illilr to di-.-lpli.-i- l-nl little, 'lodny no 
cra*s wave* on tlu. hlllslilr. Not a fflusto hladr woiihl 
Ulvr Ihc weary travrlrr a Welcome. .No hlr.1 warbttw 
bh« cia-er) mHiie tlw-re. -Not even the hated snake sun* 
himself upon Ihr minor n«-k>v Nol an Insect tilt— alsiut 
In iiurst of prry. .Not a hrralh of air *tlr*. Not a »liai 
.if life a|H>riir* aiiyn-hrre. I ncors-elvable ihwobitlon ! 

Mu'ht oim.K Tile mm sinks behind the hifly hill*, 
and Kiiildeiily all I* dark. No twilight softly intervene*, 
flomllnss tin- sky. devoid of air ami □loMurr. no Debt 
b. refhi'led or rrfnirt.il. Thrrr run la- n.i dlffilsloti .if 
sllllllRhl lllldrr surh riunllllolis Itlilck llililll sits side 
l.y wide with brilliant day whrrevrr the my* of (h*. miu 
are lnirrerHr.1. ItehliMl Hi- Junius: rock, hrneiilh the 
l.slne. within the cavern of bnsid intraiirc. it I* iiiuhl. 
Ihim^h day reli;ii* *upn-mc with lutelk*e hrlkiitlK^ all 
about, 

It is .|uile a .*ur|«isc lo many lo h-arn that the earth 
presr-iil* more light to tlir m.s.n than it r.*-rlv<«. In re- 
turn. Asuiunluj; llmt Ihry |nt**rs> Ihr kiiiih* rrflrrllve 
js.wer, thr Mirfuefs n»n|nrr ll~ J7 lo 2. Tlnli. thr rlirlll 
i-honl.1 Is- creililisl wlih retlis-lim: more thiin thlrlii-n 
llmr* as miu'h tight ns li> sntrllltr. This liuht Ihrowu 
ii|*iti tli«- in.*.), is known a* "rarthlichl." and I* In all 
resjiert* similiir lo our niooullcht. Wlw-n the imsin I*-- 
rln* lis iiNaithly journey around the earth by ]si*shi« 
l*-l«ri'n thr sun nral its. thr rnrth I* -INill misin" to It, 
while that Issly iw.-sentx Ihr |dm*v of "new mi*.n" to us. 
Thus Ihr errutr*t amount of "mrllillcht" reach.* thr 
dark isirtlolLs or llw 111...1, nl this llmr. It t* tl.ls phe- 
IHHlirilon w Illrh Slves rlw to tllllt lK'lllltiful sluht. 111.- 
old m.s.n In thr youiri; inisin'* arms." A* tin- aire of thr 
iiwH.ii ha-r.-anrs. this n-OrriiMl lU'ht from thr earlh srad- 
ually li-ssrn* tnitll tlwr.' I* rioue at full iii.mi.i. Th.-n as 
11m* luis.n nenrs Ihr isiniplrtlon of Its circuit tlir "iiirtll- 
lltfht " oiillnii.'s to Incnuse In pro|»>rli.iii. 

While ihr misin is maklns IhL* clrexm of the mrlh 
•JlVi of our days |wss l.y Vet alie takr* till this lime 
to liavr lull onr day ami one niirlit. laty brlnic* heat 
iiiihriirahir In II* Inlrnslly. Scofrlilim a* the name* 
fr.nu the Inferno, tbr *un |*iurs hi* *.1reain<: of tire hour 
aftrr hour until lb., rnrka fairly daiwe with inoh-cular 
airltatlnn. Tor fonrtis-n day* without 11 moiiM-nt'* re- 
lief 1 Ills riMillinu-s. Then with sHirllhu: siiddrtmrH* 
A Iriiiis'raluiT mon. than list ilinn*'* 
■ ils all. Without Ihr kindly protection 
..r a rb.iiil, *lnrk iiaxisl us it were, ami thrust Into a 
ti-in|»Tatiirc of claeial cold from >u.-ti 11 ls*l of warmth. 

tin result* must I*. disastrous Such evtreini** of heat 

ami ri.l.l as th.'-w i-atiiH.t but result In unythini; h-ss 
than L'lmnitM' .hsilrurrloiL (ir.wt yawnhiK cliasnm a|i- 

[S'lir rvrrywher.. nil Ihr m.s.n. si.lnr of willrh extend for 
hiin.lr.sls of mile*. tW srriitliiy of tin"*, loiiin-r.-.is 
iriirks. a thollsiiiHl .,r which have- lieen cluirlrd, sus 
l»«Jhllity „f »,,„«. all,;!,! e S 1ra 



mile* to thr Inch, n distance of 2 mile* on the m 
wouhl he 1/hntb of an Inrh 011 thr model. This Is I 
llnin the thlcklirrs. of your husinrss curd. A 
pns-lplre of two miles bright iniailil U- a very Koinl- 
li.-i.t iJ.J.s.1 under proper liulil luc conditions, and Is- 
worthy of s;**rlal altenllou. Vet mi rlrriitioli of hut 
1,'!»ilh of an Inch on the ui.sjrl w.iild I*. merely the 
Ihkkur** of 11 coal of plilltl ! 'I'hen lorc Ihr rlrtillli.ns 
w.-re an-i-lilluilrd in orilrr [.. pr.slu.-r lo Ihr rye a lint 
lltwl ap|*ll|-aliiv. for thr strict llilhrrrllrc to w-ilte In 
this rrsrss-l would cn-.ite lul>.-..lss'|.1ii^is. t'arrfiil tsiui 
purloin of phi.l.s. of the n*al ims.n ami the srulplureil 
ime, under approximately similar IlKllliniL slxiw* 
markHl contrast. Hut this was a feature that was nor 
in thr h'asl cnnsiilrrvd lm|s>rtiiiit, .My aim wn* not to 
. hut to conrey to the eye 
under dayHeht rendition* ,1,-tnlls n|*juirrnr only on rare 
.*-ru*l..|o. with the telearo|HS The wlen 1 1 fie 1 
to the artistic. Fur such tlcimrtare 1 plrai] 
euiwidenttlon from my sclrntillc frlrisl*. 

In Hie plusli-r rio4s inadr from tlx- oriirln.i). uiiiiiy uf 
thr liner di'tall* hare lirrn lost. As a lig.br fall of snow- 
on mnifh Kround *i>n-ail* a brilliant blunkrt. whllr 
leavitiK still the form of every stone and every Imm- 
ni.sk. »n In Ihr east In c Ihr piaster obliteratisl tlir 
harshnr** of Ihr uxslrl. softenlue ail to a pViisIime di- 
Kr.*'. A realistic tcle*ri>|iic aiipearauce ns.-iilt.sl, whh-h 
In Sinn- rrsia-ct* cumi*ii*ated for the In** of ik'talhi ol>- 
taim-d only aftrr much lals.r. Ity a careful applica- 
tion of a enat of lsiinl of 11 Mulsh t-ray t Int the marla. 
..r swis, w.-re rlT.-n a sninrh'tit ri.iilniwt from the «uow- 
I., form in all mi Idml fuH 



*l* lo Ihr ntiscrvcr I 



: III a Keiirral 



lion of the dl'tHlU. 



A v.-ry Inter.-stlliiC ipiestlon npiasire.1 wh 
Inn IlleJiKiiremclils, "What I* Ibr sitialliM 
.s'rnllilr 0l.J1.-t on thr luisiny Cuiil.l you m*. ii ir.it 11 
thrre? Would 11 hir Ire., show /" The uienntr liuinan 
cie I* rredit.sl with a |s.wrr or apprisjlnlinc an uiiRle 
of about half a 11.lr1.1t.- i.r are. This, howeyor. I» .piitc 

liliil.lrllU-ihte I t |ss.plr 1M us almpllfy it. It 

means (hat \-.ii shmild srr an nhji-el imr inch In 1II11111- 
rli-r ill a dlslamv- of alwiiit hve IiuimIiysI and fifty live 
fivl. This would linlli atr I lull a - hriiuty plaster" of 
..ir-1-U-lilli In. Ii .ll.ini.-l.-r ti|uni thr fair .-li.s-k of the 
jr hiilHnlr shimlil be visible at wane sixty-nine fwl. A|r 
l>lh*l to the m.s.n. which avrtmnw In slue thirty minutes 
of are. thr mm Id.-.] eyr 1* rapulilr of dlsrvrnliif 11 s|sit 
niensiiriiu; ma' slxll.lh ..r Iwr dlaimter. or nil sis-riml*. 
Now a III. oai- mllr 1*1 Ihr .n.s. ii .sirrrsisui.ls lo n vr of a 
ssssanl Tla-r.-f.ire 11 niclon nmi mllr *.|uarc must Ik- roai; 
nilhsl by arllra'lul uh*uim lo tsjual 30 s..eomls. Hint thr 
rye may ru n |*'Ptvlve It 11* a point. The |siwer r.«|llln.*3 
I* rildi-ntly ahoiil thirty four. Measurement* show that 
11 .s*-conil of an- tt-|*rr*ciitit about two thoiesltid vant* 

ot tn.-.n. Thn* wr woobl bine lo uias-iilfy n'n ob- 

yis-t of that sin. thirty limmi to hrinr It lo ilUs-nill.lr 
|iro]*.rlh^is. Two hundred yiinlM would rt*|iilre Irn 
tli»'.* IhL* power, or n»x ('otiHeniicnlly L"(> yard* nmild 
driiuin.l a inaifiilfyiuic (siwrr of :u««i: Tls-rt- must Ih- 
a very fltir atmosphere tn ndinil of the use of a |*.wcr 
of r*Ni. llnr tliisiisun.l isiw-rr is .pilte (In. limit. Rveu 

distain*' of -Jin milrs. ami a., ishjcct unilrr rlxly yard* 
rollld lssv.ll.ly Is- drt.s-lr.l. If our (h.s.ry is sound. It 
i* uuitr ril.l.-til lh.il a man it.iihl nol Is. seen. A liic 
tro.. wi.nl.1 111^ shnw. Alih-d l.y ihr nn«<l isiwerful Irlr 
s.s.|«'. au.l under .shsIHIi.iik i.f ma^alll.-atlon vrriflii^ 
n|soi liuprarlli-iibllily. it wimlil he doubtful If nn olijrrt 
h'*s than our hundred yards In dhitnctrr would Is' .lis- 
rrrnlt.le to the human eye a* iinylhlnR but 11 mere *|ieek. 
With lint one hundred miles si-immUnc yim from 11 
niounlaln mul with Ideal llluia«|ihrrlr .s.mlll I.khh. Judte 
what Utile jour iiaki*] eye could dclrnnine of the 



dlsturhniire n-sultllii 
wh.ik. satellite. 
Srlsmlr mnvulsjoiis ii|.|.nr lo hare taken place at 

ocrlnhi ten. in Ihr early history of II mm. pro- 

duel ne n-uurkuhle resnlls Tile exterior of the moltrn 
mass had is-.lcl sutlhieiiily 1., form it crust, a brlltlr 
iilass like .s.verlmc. A larc numl*>r of the so-cnlt.sl 
rrntrr* hud fi.nn.sl Then with further coollni; of the 
molten Inlrrlor trriii.-n.l.ia* exi«il*iTe forrr was exrrt.sl. 
Imrstiiu; thr ihii.t sh.-ll arul throw-lnjt out great ratllal 
live cracks In all directions, like ■nyokea 1n a wheel, 
laiva then .sitr.1 up thrnnirh thrsr o|«'iiluiis. In som- 
en s.-s hut partl.v llMi.iit them, in other* ovrrlln»-|uj[. 
t'one.-nllne Rial solhllfx Inc iia.ler dirfrritit condition* 
rrom Ihr rrtaalnlns rrust. this formation 1* quite <lls- 
ilii.-iive hi apis-itrauc.-. slMiwimr as hrltrht stnuks. Tbr 
rnitcr Tyilio ai the south |s>lr Ls the renter of tin- 
ifr.'.-ilesl system of ihi-s*- lichl stn-nks, niwt thus wa* at 

one lime la Ihr thr.»v of n seismic illsturlulllre of nil 
of the streak* ft. .m this 
«-> half Hi- mo.11. Ih.-rel.y 
lii.ll«illi, k - tls- vli.lein-i- nil.-. -ln.it 111s.11 Ihls u'ts-nt sli.s-k. 

In orilrr to irivr to thr rl ,. the en"«st al|nllle.I l.y tel.- 
s.*^ih- nhsa-ri-ntioti. I l.s.k Ihr lllieliles of the artlsr and 
di-liartisl from is'ale mrnsurruienl* In onr rr*|*-ct. With 



MeltiriR Points in Commercial 
Brunzcs 



and 



A* ihr result of ti-sis rnnih- under the dlr.s-tloti of ihr 
I'lillcl Slnlrs ttureau of Sillies, the followins table of 
11m. iiieltlne ts.ints of coiuin.'re1al bniKaes ami bronxes 
nil«sl: 



Alloy. 



AMimxlluatel .s»|m -* Mrltlne |s,l»t. 

.,|.|« r. Zlnr Tin Isad. C. .t, B | - ,|,., 

** •-' to :r.:, is;.-, 

>••- u-.ii *vt.-il . . s-,.i. , ...I, - „s,t , JM 

W-.l '."is. S". .% r. .-, n;„ 

Is.w ura.li- toil l.tiiK. S-J to ;i r, :,»„ ITWCI 

I-...J..I nr.. ii..- ... so I is 10 mr. I7.V. 

Iir.-i.r-- win. .ii...,. c in ...so i7nr, 

Mtir yrlt-.w. lis ir r.-i 7.1 -.1 1" ;| ti-;n ]|i|i,> 

...»t oil..* i.r...- iit :it •.- si.r. Kun 

V11..1I -.rnss nit.j :i; 1 - v sr.r. 1.-.7.1 

Mtnf.ui.->.- or, .ii..- . sjn j.i.si 

Tin- 1.1. ir ts'lnt si,,.,, is tl,,- -lLmiiliis. .,r 1- I1.1 

uli.-T.' tin- alloy Is i-,,i,i|,l,.|,-l.i m illrti. Til. t.,is lire 
iirsrrlls-,1 In iklllll In Tifhlllral Pai-r Nn. tin. .In»n|- 
mn SSitkmiyt. 
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Till. aeroplane is. lit* yet. untried In war: a* although 

It IllIM M'fJl ilCHVl- *ITVllV III 'rri|Nl|l Slid Ilk I llC lUllkllllH, 
III IM'itlHT of H|C*C Coillltllf. Here tilt* CHIldUloll* *uch 

t<* iifforil luiicli liiforiniitiou cimvcniini: it* |MitedtilU- 
lie*. Ileum, tlnlr mine In war and the ii-.iIIi.hj>. of em- 
|ih>yoic-iil an- only iniiitrm 
Inn-scut tlrnc, however. aniMst 
mill ucii|iu«H of oflY(i*c inn) diffuse iuiiIiiM aircraft ore 
in existence, ami therefore peace tnluJiiic »Ul lack 
• •illy the reality of wnr 

<»f the ruuny |*jr^*i|.lc duties which <-ali lie |K-rfi>niied 
l.j aeroplane* In wnr. the following are the uina Im- 
IMrrtaut: 1. Itoeisiiialssanei-; 1". Ibe ucrtriKlliMi of hos- 
tile ulccrnft, both airship* iiimI acr<.pl«n<*; It. the attack 
of trooji* ihi the ground and of material, sircb a* alr- 
»hip *)i«K oil tank*, nragnitliw*. etc. 

1. /^*v*n*iiriiM.jrN-«\— Uec«KjtinL>-*atjcc I* the principal 
duly of thr aeroplane In war; It has liccu ]in**lblc for 
tin.- I11M two year*, iiimI will be tbe iun*it luii*irtaut fnc- 
h>r If war break* nut tomorrow, lu IbU *pbcrr. tbe 
aeroplane lui* come a* an antldule to the growing dlm- 
ciillv »f rts'iinnabwance in mi 
I uri- "a-.11) made If tin.' enemy'* force* anil prob- 
able lnli-iill.itii u rv kuowu. hat the greater accuracy of 
loiy; rmu.'o rifle and giin-tlre. Incrvsmcd numbers and 
ni'.re i-xlvriik'd fornmtion of troo|*t, ami the use of 
*ninkcUw |Mi\vder, nuve thlckcm*! the fog of war ami 
■mule It int«t illllloull uuil tin interims fuc cavalry to 
nsimimltcr an cix-iny'* j»i*ltloo. Hill. given cowl con- 
dition*, a great dm I of Inf-iruiuilini ciui be gleaned of 
the runny '* dls|«i»ltlitxi*. tunilcularly during the curlier 
phases of a cauipiilgii. when the tn»i|*> art? In clow for- 
mation-!; and mi at-rt!|>liitii> flying at i.<NX> feet should 
la? able to brtiiir In Information ton tiroes faster and 
nuire definite than thai which a division of cavalry 
might normally ohtnln after a tiny-* nslnliifi. 

curious adverse factor* wllb 
ciiwpctc. and that tend In 
prevent any npproach to InrulllblNly in Ih* rwnlU ob- 
tnlnciL Anumt: tbiw an* : 

<m) lini-erft-ol utnot.rvatloii and hoatlUi nubtf rfnm-54 ; 
(ill climatic mitdUiiMw : H I dia|ijtillln< of maliilvnaivcv : 
(it) aiitl-nlrcrnn k.'«i»hi>. mi the cronnd; and (r) 
IliK In tbe air. 

lu) Imprrfift lit,»rnallnnti.— Thp art of 
obxervatlon fnun mi arroi-lanv la much 
and mqulrpa fur more 1ralnln*e than doit* thr- art of 
flyln*;. Holb |>lli>l mid otmerivr imiKt I* abl« to read 
and andcr-itand 11 map ynst n* quickly ami an cn-illy aa 
they can n tmok. and nt nriy lii^tsnt -Inrlni: a criwa- 
■.nilnlry fllirht tbr> nbonld know exactly where Uwy 
were- lieynml Iht-, the olwtrcr (or 111 n »li«r»e-««iter, 
Ibe idlntl muni la.- alilr to )AA ui> trootn on tbe erouuil. 
nalnuito what they are, th«lr mimlhprx, and mark their 
l»reclne r-j-tltloii on tJi« mat). He may buvv to ilo Ibb 
in a ruu**» wind and In thr uiUl-4 of neetln-s eloodn; 
aiwl on liinujnx. write a clear and liilellUrible re|xirt of 
what lie ban twra. It 1» not therefore JDnnUiit that 
of aerial n-cwinnlti-ance 
inWindltu:. and I bin 
luteruilll-wl liy MititerftueM undertaken by tlw> enemy for 
tbe ci|>r«i» |«nni«-»! of dtt-clvini: the oWrrcr. aucb aa 
hy nt riinrl n s nut miuII colnmiui aloiut ri-atU to roi-rv- 
wiit larue one-* while Uie uiaHH of Ibe troona are kept 
hidden In wootl* and vlllncni.; dummy ttviichesi may be 
ctHimrucUil while the real trenches are hidden: stina 
muy be made to look like bivouac abellen, bualics, or 
ctiuntry carta, etc. 

The lw«t iniamutee thai aerial reconualaiiauce will 
oTcrconie the*e dlrtlciiHIe-i Hen In the careful training 
and wide rxjieririice of Ibe observer*, nud In the poa- 
aewilon of i»nlncl»-.iit number* of arroplanea to enable 
duiiMful informiilli-ti lo bti cheeketl and corrected with- 
out delay. AwilntiiDCe to full and accnmte nhnervatlon 
may In- ohtaimtl by Ibe it** of aeroplane* which can By 
■Jowly ami barn a Bond Held nf Hew. although tb«e are 
wimewhal handli-anpcd In utronii wlnda. 

(hi t'limatfci raiKfi'fMHu.— Nature la the KreaUat 
ciiciny agalDat reconnalwance at the moment: h*r 
wcu|Hina are wind. rain, cloud, and dnrkite*! Wind la 
xrndually betntr cowiuered. a« acronbinc-i, rravellnit at 
frooi 80 to 70 -alien |-cr htmr. have actually been blown 
backward hy winds they have encountered. But tie 
to the »lml U the reduced radius of 
i of the acmpliine. An rcranlii the progreaa made 
the effect* of ruin, the luituict of the dropa of 

* Tli* l-»tli nt (b-> ».'rl*« of -^m-i-IhI lr<-tiirr«i nrmrnf-a bjr t^e 
Mllltmy Enatatlea Ocx»mltt<« anller tar aatacrlty of tba 
-Va.tr- «f lae CatT«r.lty of Uilnloa. 



The Aeroplane in War* 

Its Possibilities and Its Limitations 

By Major W. S. Branckcr, R.A. 

ruin on the rym of tbe ]Hlot blind bim ; but tn the 
latt*» tyian of machine Ibe neats were ■nwiml, »o tliat 
IhU dllllculty in flylnj; liad tain laritely overcome, aud 
nlMctviitliin In prtictlcnble tit low altltuttea. 

lllxb cloudK I tliat U. tboae from 0X100 feel bi(b aud 



It, by iilT.irilliiK a shelterliif acreeo to tbe aeroiuune, If 
ueniHHury. and ut thin altitude a pilot In comparatively 
.nufe from Infantry Are: but clooda nt lower ctcratUmn 
force the otu^rver to coioe within the effective ran ice 
of rllle Ore from tlir ground. ThU can la- remedied by 
the development of lb* armored aeropuiKe. Koe, liow- 
ever. will alwaya 
mikt, Junt aa It defeats rccnnniilaaancn on tbe gronnd. 
I'lylnx In tlarkiieiai ui not much Indulged in at present, 
becuibse iifiKliic« are not fnitbclonlly reliable to rllinlnata 
the noHitiiluiy of a forced landluii. and a forced laud- 
ing ou an unknown Krtiund tetualty meaua a bad asnaab, 
but with the really reliable enulne, night tlyinj will be- 
come uiilveraully ]>nictiaed. 

Hence, to eoni|irte with climatic condltlona there are 
(I) 

and ill. bkith »|»'"1. Aa 
that Ik fiiil In the air Ik olwuyn diincult to land, even 
thmieh it run land alowly in tlie hand* of a isootl pilot 
whete tlie country I* open, The antidote for this Ilea 
in tbe u*e of air brake* for eomiuc down atcesity. and 
of lu nil brake* for pulling up iiulckly after toocblnK the 



cexstfnl land hrakni ocltially ellat til 
HUh xpeed baa. however, another dlMidvantac-c, imnwly. 
In nilll air It i* much more diincult to ntHterre accu- 
rately than from n aiuiparatlvely alow aeroplane, and 
though 11 may he jtrrfretly ea*y to see CTery detail of 
the country and the trooj* moi lnit In It. tbe eye, the 
brain, and Uie band are not iiulck enoueli to earc ac 
curulely where tbojw troiii* are mi the map. and to 
ninrd the fact lu a note-book before the aeroplane 1* 
mflett further on. and nome, perbuii* lu|Mirtant, detail 
)ia* been mmplotcly iuIhmsL Variable speed will get 
over thin dirDculty, 

*rl lUffivuttir* of mnintfncw*' ari' sometime* lout 
II* engine are botb fratlle 
A good averuire pilot may By, day after 
day. round an aerodrome ami make many lauding* 
even straining hi* machine; but ui wnr the 
plhtt mu*t rly In any weather to obtain Information, 
and land ou almost any rrouud to deliver It. Tlie re- 
sult will lie numcrou* hreakagea and atralna, all of 
wbfcb take time and Rklll to repair, and which demand 
the i«nvl*tou of uirgo qnanlllke* of anarc nana wher- 
ever required on tbe theater of war. The dllllculty of 
supply of *|«re porta will be increased Ui pronnrtloa to 
the nnmber of dltTerent type* of aeropbiiiea etuployed. 
Hluiilur reinnrk* apply to tlie eiurluca, which. In addi- 
tion, rrajnlre tluirongb overhaul after a comparatively 
xliort |ierlod at work. Portable tent* will alao have tn 
lie carried for hoaslnir mncblnea npon the ground to 
erlorntioii tn Ibe flying <iimlltl« of 
thbi imlnla to tbe fact that only a 
Mimli pMportlon of tbe aeroplauen In the field will be 
lit to tuke the air at any given moment. 

Tbe cure* for tills weakness are various, and can all 
tie applied aluiulUneounly. 1, Increased durability In 
cuwsiriieilL.il ; 2. reduction In the number of types of 
aeroplanes and engines employed: S, Ibe Introduction 
of folding aeroplane? which can ba more readily housed 
than the prevailing type; 4. a really experienced per 
*onne1. 

<d) XntpMrxraft Weapons oa the OTrotiatf. — All na- 
tions are endeavor! rut to evolve antl aircraft gvina, both 
(lied and mobile; hut at the moment they do not exist 
for employment with a mobile army In tbe fleM, and 
for recoonalsaauee purposes an aeroplane la safe at 
3.000 foet from rlfte ore. and at 4.000 feci from gun 
tire. There are great Inherent dlmcnltles Id Bring at 
aeroplanes, principally In regard to range, •peed, and 
direction of tbe machine; while It la almost Impossible 
to recognlae whether It Is friendly or hostile, although 
attempts were being made to help to differentiate be- 
tween them. 

Ic) FtoaMivtr im the Air.-U I* obvious that If hostile 
iiaroplnnes are armed with a weapon which can be used 
against the purely reconnaissance machine, the Infor- 
mation brnngbt in by the latter will, very likely, he 
greatly depredated in value and In voliune, ami may 
not come lu nt all, and that to combat the armed aero- 
plane It I* necessary to pit other armed aircraft 
lt- 



Acroplaure will not entirely relieve the cavalry of 
recxiiLiial*sniicv work, for cavalry reetiuuiibwiuce koc- 
cetsl* where aeroplane recoiinalHsaiiee full*, as cavalry 
can dbttlngulHb between friend* and hostile troops, cau 
discern the morale antl physical condition of the enemy ; 
It can keep in toocti with any particular body of the 
enemy, and can offer opposition to II* udvance. The 
leader of the future will employ his aeroplanes and hi* 
envalry so ibac one mipplvmt-iit* th« other, and the em- 
ployment of tlie ucronlaifec In tlie Initial stages of a 
campaign will enable a cviinmandcr lii-cbief to bold hi* 
cavalry back olid save litem lunch long sod fruitless 
Ibem fresh for 
to . 

enable the effect of artillery Ore to lie olwervwl, thereby 
solving a dittlc-ulty which ha* beeu growing more and 
more acute during recent time*; while Intercommuni- 
cation between widely Bcpa rated force* will also be 
readily possible with any aeroplane suitable for rwm- 
nalHauncv-. 

All that ban liewi claimed no far ha* been actually 
In peace and could he accooiplbikwl lu 

war, 

raeiit* are practical possibilities, and are actually under 
experiment nt the present moment. 

2. The /)»< ruction nf lac £ncny 'a Urrraft — It tins 
already been proved pomltile to Are a rllle. a machlite 
gun, and even a 1 -pounder gun from an iiero|ilane with 
it therefore «*ema lt«»cal Ibat if two 



forces are equipped with aircraft, these aircraft 
must fight lu order to maintain for themselves tlie ad- 
vantage of being able to recoiinoiler. Tbe aeroplane of 
Ibe Immediate future will be armed, but the additional 
weight and strength Involved entails loss both of *]iet-d 
and climbing liower; *n that, ut the present, the armed 
aeroplane unit be somewhat Inferior Id performance lo 
an unarmed one. other llUngs being eiinaL e'rom an 
offensive point of view, an acroiWiine may attack bundle 
to. uirshiix. (b\ necnplanes, aud Ic) aircraft mi tbe 
ground. The average aeroplane Is faxer than tbe aver- 
age alndilp, ami therefore lighting la *ure to occur mo 
low: na aeroplane pilot* are determined to attack the 
airship The aeroplane enn rly faster, climb higher, 
and 1* easier to maneuver than tlte airship, while the 
Hitter can climb faster, aud provides a steadier plat- 
form for a heavier armament than tbe former. It 
wtois probable that airships will try to keep aeroplanes 
at a distance by virtue of their power to deliver more 
accurate tire, while the aeroplanes will endeavor to close 
In order to make use of tbelr maneuvering power and 
to obviate tbe comparative Inaccuracy of tbelr are. It 



for tbe attack of one airship. There is also the pnwd- 
blllty of the fast aeroplane's catching and ramming or 
driving through the airship. This would be desperate 
work, but the destruction of two or three alrshlim In 
this way would have a very great moral effect on the 
rhe combat between two aeroplane* is 
to imagine. If each wus determined to 
destroy tbe other, tine pilots presumably would maneu- 
ver *o as to prevent tbe opponent using his weapon to 
the best advantage, while ha gave his own companlou 
the free one of his. If one aeroplane tries to avoid the 
other, then speed would be the determining factor as 
to whether tney come to grips or not ; but the pilot who 
decides to Bee will, Id doing so, present the best pos- 
sible target to the parauer. As has been stated, other 
things bring equal, no armed aeroplane will always be 
toss eaideot tn speed and climbing power than a simi- 
lar machine not Intended for the carriage of weapons, 
and therefore It win be dlfflcnlt for tbe former to catch 
the bitter, so it may be necessary to allot a definite 
urea to an armed aeroplane, over which It would cruise 




frennent, and It 
mand of tbe air 
sorted to. 

Aeroplane* and airship* on tbe ground uml their 
abetters ran be seen from n greut distance, and offer a 
very fair and defenseless target for attack; and the 
audden attack of three or four aeroplane* provided 
with bombs and flying low might cause great damage 
to both, agalnat which anti-aircraft gun* would prob- 
ably have to be employed. 

.1. J'llc .Itfacr nt Trrnp*. tfhijtu. it»if /mnorrunf lt«iU. 
tfW«. At present It Is unlikely that many aeroplanes 
can be used for Ibe attack of i 
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1'ntll fttihtliijc In the nir had eorac to an rod, nod out 11 
nil neoewurj recvMUialattance had been completed, It 
*«.iiltt hurdle be *ound to devoir ranch cuerrr 10 aueb 
mi object, while, the dmiuifie <lnw would probably be ton 
au»all to Jnatlfy the rl*k of venturing within declalve rifle 
H|pt <hi the other ImiwL at Mm* end of a hard foukitt 
acib.u, tY any armed acruplaue* were Mill a villi* Mr, 
whi< tt Is doubtful, they would certainly atwljw In com 
plrttnc the deiaontlLxatUm of a beaten army. The at- 
tack of bin k'HOk. njiimudncN, nut till tank* wilL how- 
ever, he n part of an aerojdaue'a dutk-a In the attack 
nf a BHtfVML 

tt b* Impofcdhhi to Include all the drtdrahlc • pinlllle* 
lit "tie type aeroplane and, at present, tt U ileal red 
to confine the mm If emeu tu of the tinny to five types, 
wU!eh are an followa: 

Hi Tlw hlitti-tpred Hlnaic-aeater ecout vf exceptional 
r 11 m blii* power* for loeue ranjcc nnHmiialaaaiiee In auy 
wind, ami of audi an ettteleney a* to be aide to cucapc 
from any tyi<e of lUhrliin uttchiue which It ntay he 
jatvdhle to produce nt preacnt. 



Ill) A apeedy two sealer remunaliuutwe machine 
null able for deliberate Ion* rni «> v reconTmlk-aiice mid 
capable of currying an observer and u vrireletw Inatal- 
latlon. Such a type could ab*n he twd for bomb 
dropping- 

(Ill) A two scoter rivouiialaaat.ee aeroplane havtujc 
an except tonally gvod field of view hikI the ability tu 
land anywhere, which will la? cqtrchiHy Mailed for abort 
raitxe reconnalMKance daring the actual buttle mid for 
observation of artillery fire. 

I IV and V> Finally, two nehtlnj; nwchlnex. one to 
carry a machine iron and the otter a light nun, Drtuic 
shell. Iiolb of them tetitatlre, but both well within the 
raiujce of ittwtlhlllty at the p re-tent moment. 

TIm* Ideal would be to ataudiirdlxc lu each of these 
tjh'n; but ereii tilth U I in I"** I hie, an every really pruro- 
bsluie design muxt tte jrlvco a trial, awl every promising 
constructor muat tie given work. 

It aecm* that tbe uae of the aeroplane for reemuiala- 
sauce cannot fall to hawten the pr-ourc** of i>|*-riittoiiH, 
at nil event* U-iuii n two determined tapfNttieuta who 



The Action of the Control Organ* of an Aero- 
plane in critical attitude* 

Titr two main problem* which confront the aeroplane 
coiavtructora arc : 

Fir* l. To design machines callable, of carry lug their 
hmd with a Hinflll expenditure of power, while at the 
name time ha vine motor* capable of developing two or 
three time*, or even four or rive times, as* niurh itower 
as lit required for ordinary flight. Tfaeee qualltlea an* 
obtained by reducing the passive head resistance to a 
minimum, by refilling the line* of the machine gen- 
erally, and by giving the wings the best possible section. 

Second. To tiring out machine* poaaewlng a good 
atnblllty In the air. iind huvlng control orgatm which 
are effective III all conceivable poult bum of the machine. 

In thin tenure I propose to deal wllh the at tidy of 
the foreea to which aeroplanea are mihject, and the way 
of nmstlryliu; the point* of application uf these foreea 
by uicttii* of rudder*, elevators, and fftfJerwaa, In order 
to tight a machine which lias been thrown out of its 
normal attitude of night. 

Tlw frequent accident* lend to give one the Imprea- 
alun that the r-tntllbr1«m of an aeroplane Ih very pre- 
carious, and that once the machine get« part certain 
attitude* the pilot U nimble to cuulrol It and thus pre- 
vent a fatal accident- In It true that tlwue critical 
attitudes are so dangerous? Evidently not. for avlatora 
Hie I'cgoud, nievlllard. Cum*, etc., hare proved by 
actual axperlaaaw that a machine can occupy all con- 
ceivable poAltlon* himI yet be rUfatcd with ease. The 
critical conditional are: I. Too low si>ee<lH; 3, too high 
> d« ."!, tilil.-Nltiie nnd dives 

1. Too Law if*. — When an aerofilaue loaea Ita 
apeed the reaction of the air on Its plane* In lusnfilcient 

• An abtirvrtatfd tranalatSoo. maa> hy Flight, of a lectare 
hy M Uiub |lr«rD*t to tba Hmlit* »n..;*Lf ib> Navlcmtlna 

Afrlcoae. 



to aupport It In oplte nf the Increased angle of Itwl- 
dence. For uutlrs of lucidcuce of from 1A degreeit the 
lifting foreea do nut lm-r»nse with the angle of Imi- 
deiKT. and for anglin from I'D degree* the? decrease. 
Generally when an aeroplnm* l'*e* Kj>eed tt turns over 
either to the right or lo the left This Is what Is called 
a atdeallp. If the pilot tries to light his machine by 
warping he will ouly lncreutic the nldcMllp. and If his 
motor 1k falling he can only right the machine by div- 
ing It until It has regained Its flying apeed. If the 
motor ptt**es*MK great rcwrve |siwer 1t Is posMlhlc to 
right the machine before the sWlewlIp has become very 
pruniwncetL While this si deal I p U, nf <imrMe, ilangeroim 
when the machine t» cloae to the ground, there la little 
or no danger when 11 Is flying at au altitude sufllclently 
high to allow of regaining lu speed by a dive. Rexldee, 
a machine with a proper erapi rninv will (Kit luae Its 
at^eed unless the pilot wishes It to do so. and It doea 
not aeein necewqiry to fit au automatic control organ 
for tlie pnrpoHe of helplni: the pilot. It Ik, however, 
always iidvtaable to IH hihhhI IflaUatani whkh will keep 
the pilot lnforme<l as to tlu> tsititvl.tr of hbt nuichlue. 

2. Too ffivk SpmtM, — tt Ih generally admitted that 
the conditions: of loo high s]a*eds present a certain dan 
gcr. It hna tss-n said that ncropbiibOM flying nt very 
small angle* of Incidence may. by a sudden longitudinal 
awerve or dive, receive a Kuddrn pressun? on tup of 
their wliigH, and thus losing all Huatentatloii, they fall, 

Tlie point to he studied with regard lo high *tN*eda la: 
How do the polnta of abdication of tbe foreea to which 
an urropbiue la aubject vary for iHKudble varlutliHus in 
the nngle of Incidence during the»e high speed** Kx- 
|K'iimeiit-s with aciile models In tbe hibomloricH are 
very Instructive, and It hna been powlble to verify that 
certnlu maehluea with loo dee|ily cambered wluga. or 
with InauOtctent cmpraaaoc or badly ndjuatcd, may be- 
come uimtable when flying with very amall anglea of 



understand the value of tbe nflenalrr. Fighting In the 
air will probably demand a higher actuttdard of morale 
throughout those engaged lu it thim any other feature 
lu war. and an aerial service which Is Inching In thus 
rv-i"i l will iqH*rdll) vanish froni the nir In tbe face of 
oppnneniM who have If. 

Hie uenidane baa deluded aluMist entirely on Ita 
warlike capabilities; for Ita <U>velopiiM'nt, and all tbove 
who object to a large ex|a*mllture nit mi warlike a aer- 
vlce aliuuld renn^ulsT that every* faptiriy which la put 
Into military aviation la not only providing uu Inaur- 
a uce agalnat war, but la developing tlie lu*ur1ou> fl>lng 
macblne of the future. 

The geographical |K»llltin of any tuition will no longer 
otTcr the same advautflgew, „r dlsadvantagea. us It tban 
lo-dny. From now onward, the straggle for aerial au> 
premuey. l«- It nMiiitoercla I or military, will go on Irre- 
-!■-* in s ; new development* lire following one another 
In hot basic, and a great nation like our t*wn will only 
la- able to keep her place lu the race by tbe unflinching 
cx|H*ndtlurc of monry and uicrlllce of life, 



Incttlence. It should be remembered that for a cam- 
bered plane the center of application of the resultant 
of (he force* acting on It trarela backward, progrea- 
airely, as the angle of Incidence dccrcaac*. ami that for 
very amall angle* of incidence the travel of tlieee cen- 
tera in ei>iiHlderable. 

At tbe Eiffel lalHH-atory a aerlea «af experiment* bare 
ta-i-n comineneed with acale models of aeroplane* flying 
with the most critical angle*, of luctdcnre by placing 
them In the air current, and the Interetdlng reanlla ob- 
tained lead to ihe conclusion that it la easy to design 
machine* which the pilot can alwuy* right by mean* of 
tlie control orgaua. 

3. SMea/ijM <ia«* />frea. — A fall aUirted either by 
side slipping or smiling always terminate*. If the ma- 
chine haa a suitable minciini^c, lu a vertical no*e dive. 
Tbe study of foreea. acting un scale model*, abowa that 
even from this altitude the machine may be righted by 
suitably operating the control organs. Tlie moat impor- 
tant thing to observe 1* I hat the pilot I* mat thrown out 
of hbt *rat. and that, thank* to an efficient safety belt, 
be I* able to ojierate lib cnnlmla, whatever the attitude 
of his machine. 

Suppose that it machine through some cauae or other 
U making a now dive, and that the pilot U Mrapped 
In hla seat, lie llnd* that he U unable to right the ma- 
chine by operating hla elevator— such a contingency 
often occurs, and many plUrt* have eiiwiienced U. The 
thing to do In a raw like that la to puku the rudder 
over H far aa It will gu, for instance, to the right. In 
order to make the machine turn to the right with rela- 
tlmi to Ha vertical (<alh of flight, and at the same time 
w»rp Ihe wing* *o na to make the machine revolve 
around If* longitudinal ail* after tbe faahbm of tbe 
hand* of a clock. The aeroplane will then right ll*etf 
by describing a spiral almllar to those favored by flef- 
talu pllota In their exhlbltbm flying. 



The Swiss National Exhibition at Berne 



The Year 1914 Marks the Fourth Exposition of This Kind in History 



Th* SwU» Nklioiul Kxhihition whirh U hM in Brrno, 
Ibii pounlr}'* l*«ilifu) <*|iilsl, up to October loth n«xt, 
kad » brilliant opnniiur on May 151b. and it ia antieipat«(l 
Ikat it will be the rpfuiexvoua of thousand* of mprcsmita- 
tiv<^ from all lau<U and all nation*. 



Switzerland haa only amuiced two national exhibitions 
no far: one at Zorioh in 1S83 and another at Qeneva in 
I.SSltV Wlulo the pro^rnrM and development aohinvod dor- 
mir the int«r\'al Iwlweeo tnoae two exhibitioiw arc pro- 
nounced ae altniretlier m-onderfel fur a eounfr?' m ''th 



limited reaouraea. tbe reporta about thia prpaen t exhibi- 
tion indicate that it will bo a revelation even to thoaa 
who know tlie oounto' Intimately. 

Tbe exhibition eon tains seven main sections: 

I. Ajrricolturvi and Minine- 




The tower of the i'alhrdral nf Uerne. seen from Ihe Kiter Aar. 



The llixiorical Museum at Berne. 
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Military Pavilion snd International Bureau In the Ncofrld section or the exhl- 
hitinn grounds. 



The principal restaurant of the exhibition, "Stiidcrslein," on the left, and th<' 
building Hospes on the right. 



2. Trades, Industries and Kuginoeririg. 

3. Commim and Trafllo, including Sports and Tour- 



ing. 
4. 

r>. 
6. 
7. 



Politic Kcnnnmy and PuMie Welfare. 
National Dcfiwn, 
Arta and Sciences.. 
International Bureuus. 
The site of tbe exhibition is on an elevated plateau to 
the northwest of Berne, on the border* of the Ilremgaxtcn 
Forest. It in open to the rant and south, and onromandi 
from every part a wonderful view of lite Bernese Ober- 
Uuid. The area of the exhibition ground" measures some 
500,000 square meter*, of which 135.000 are enverod with 
tbe buildings, while the remainder of the site i* laid out 
in such a way as to harmoniui with tbe neighboring 
forest. 

An electric railway circulates over the whole of the 
exhibition ground*, which am divided into three fields: 
The Neufeld. the MitletfeU), and the Vicrvrfeld. 

The Neufeld is the largest section of tlie exhibition 
grounds, and, in a technical point of view, the most 
interesting, for here we And: Architecture and Decora- 
tive Art, Textile Industry. Watches, Precious Stones and 
Metals, Musical Instruments. Paper Industry and 
Graphic Art. Chemical Products. National Defence. 
Education, Administration, Hygienics. International 
Association*, das and Water Service, Sewerage and 
Town Cleaning. Means of Transportation, Public Con- 
vey anew. Civil Engineering and Machinery 

A very comprehensive exhibition covering Railway 



KolUnc Stock, with the Swiss Federal ltailroads as the 
largest exhibitors, of course, is already exciting tbe 
interest of railroad men. Among other exhibiu is tbe 
first locomotive (now about seventy years old) ever used 
in Switzerland, side by side with the newest and most 
modem locomotives employed fur express trains 00 the 
St. Qothard line. The new Utaohberg Railway show 
their 2.500 bone-power electric engines, which, being tbe 




A typical Bernese Chalet at Intrrlakrn. 



most powerful of the kind in the world, will prow or 
utmost interest to technician*. The exhibits include also 
special invalid railway carriages, which can bo used for 
international traffic; rotary snow plough*, mall and 
luggage vans, also vans for tbe trans|iort of wine, beer 
and meat, and other perishable articles or goods which 
must be kept cool. 

A passageway leads from this exhibition to tbe 
Machinery Hall, the most conspicuous building on the 
whole exhibition grounds. It covers about 19.000 square 
yards and Is the largest existing iron construction in 
Kurope. 

In this part of the exhibition it is pos*ihlo to realiio 
the use to which tbe water-power of Switzerland is now 
systematically put. Some of the Swiss engine and 
machinery makers arc known throughout the world, 
notably those of Baden, (b-rhknn near Zurich, Wintertbur 
and Sehaffliausen. and all are showing interesting 
machinery here at work, in charge of skilled mechanic*. 
The necessary electric power is furnished in the building. 

The Machinery Hall has two galleries n-aehed by elec- 
tric elevators. The machinery exhibited includes steam 
and water turbines, pumps and mechanism used in tbe 
preparation of food products, alto a Diesel oil engine. 
There are two main divisions in the Hall, one for high- 
current and the other fur low-current machinery. Tbe 
exhibiu of the Association of Swiss Klectro Technicians 
and of tbe 8wiss Electricity Works are under tbe same 
roof. Switzerland being one of the foremost countries in 
tbe application and knowledge of electricity. 



Wireless Telegraphy" 

A Comprehensive Review of the Various Systems 



stark ststcvs. 

Damped Electric. Haws.— The simplest way of alg- 
naltng la by means of damped electromagnetic waves, 
and these ran be easily produced by • spark coll or 
transformer having Us two high-tension terminals con- 
nected respectively with an aerial wire and with the 
earth, a sjsirk gu|> l*lng placed ts-twrcn the connections 
In the manner illustrated dlagrsmmnttcally In Fig 1. 
The corrent through the primary circuit of the coll Is 
controlled by the key Jr. bo that hy holding down the 
key for long or snort periods, long and short scries of 
waves can he transmitted corresponding to letters 
which are represented by the dota and dashes of tbe 
Home code. The high-tension current charges the aerial 
wire until the rhnrgc Increases to such an extent that 
it sparks across tbe gap. and tbe aerial discharge* It- 
self to earth, the strain being broken down and a wave 
given off. The serial, however, not only discharges 
Itself, but. as It were, overdlacbarge* Itself- Tbe cur- 
rent rashes hack again over the spark gap and charges 
the aerial Tills osclllutory How bnekwanl and for- 
ward between the aerial and tbe earth occurs a nnmlier 
of tltnea nnlil the energy l» dissipated purity by radia- 
tion and partly by resistance and other losses, and 
Insumclent remains to maintain the spark across tbe 
gap. The coll then charges tbe aerial again, and tbe 
same action is repeated. 

The charge which can given lo an aerial wire Is 
limited by tbe capacity of the wire, which Is usually 

• A Intra, t p«l,tt«n*.l la Th* VHtrinetr of paper r*n,l nefnre 
the NcrthMst Coast Institution of Bajsassta ana Xtilp 
builders. 



By EL Fothergill 

very small. Moreover, the aerial wire In Fig. 1 not only 
forma the charging circuit, but the radiating circuit, 
and the arrangement results In the production of highly 
damped oscillations, which soon die away. A good 
oscillatory circuit should be a bud radiating circuit, so 
that tbe charge will continue to oscillate for some con- 
siderable time hofnrc being woolly dissipated. To meet 
this requirement the oscillatory circuit la constructed 
hy the Marconi Company of I^onden and hy the Tele- 
funken Company of Berlin, n* a separate circuit, and Is 
conpled to tbe radiating circuit wherein slightly damped 
osculations are produced, and which, when Impinging 
on a distant receiver, create a cumulative effect that Is 
very desirable. 

The Varrosl tfttcm.— Fig 2 shows dlagrsmmntlcnlly 
a popular arrangement of the Mnreniil system. Tbe 
electric current la generated by an alternator and 
isisacd through the primary coll of a low-frequency, 
Iron core transformer hy which Its voltage la Increased 
to that required ror charging the condenser In the oscil- 
latory circuit. "The low-frequency or alternating cir- 
cuit Includes additional Inductance either In the trans 
former primary or secondary circuit adjusted so that 
the natural perl.sl of the ultcrnutor transformer con- 
denser circuit corresponds with the alternator fre- 
quency; this adjustment Is provided so that the con- 
denser charging current may he about aero value when 
the condenser is about lo discharge." The oscillatory 
circuit coaiiwlBCH a condenser, the primary cull of a 
high irequeucy air.., re transformer, a variable Induc- 
tance n.r altering not ware length, and a disk dls- 
charger by which the condenser Is discharged. Tills 



discharger consists of a revolving toothed wheel placed 
between two stationary teeth, so that every Ume a pair 
of teeth comes opposite tbe stationary teeth the current 
sparks across und tbe condenser Is discharged. The 
time of charge corresponds to a half cycle of the alter 
nator, and to tbe period elapsing dining nhkh there 
are no moving teeth opposite the two stationary teeth, 
the voltage or p rewire to which the condenser can he 
charged depending on the amount of energy which can 
he stored In the condenser during the time of charge. 

The radiating circuit In Fix. 2 Includes the secondary 
coll of the high-frequency transformer hy which energy 
is absorbed from tbe oscillatory circuit and radiated 
from tbe aerial wire In the form of electromagnetic 
waves A variable Inductance Is Included in the radiat- 
ing circuit for the purjs>sc of varying the wave length 
so that It amy la' brought Into tune with the nscUlulory 
clrcuit. Suppose It Is desired to semi a signal. Tbe 
sending key Is pressed down, and thus allows the cur- 
rent from the alternator to How through tbe primary 
coll of rhe low- frequency transformer, which Induces a 
hlgh-vollugr current In tbe seouslsry coll. This high- 
prc*.«urc nirreiit passes round the circuit and charge* 
tbe condenser, which is periodically discharged, say, 
-1.10 times per second, by the revolving toothed wheel. 
Kadi condenser discharge produce* a group of electric 
oscillations In a manner similar to that descrltssl with 
reference to the discharge aero** rhe ^|«trk g*ip In Fig, 

I. These OMClltsllofls, hy psv.llig through Us* lllgb 

u pi- i \ transformer, Induce «**-tllatloii* In flic riollal 
lug circuit wbk'h alternately charge the serial wire In 
opposite directions, and In so doing produce elcetromag 

Digitized by Goo 



7* 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2013 a.^, .. i»u 



netle waves which are proiwgnled outward In all direc- 
tions over Hie surface or the earth. 11 will be uotisl 
that Phi ikiilK colls nrr placed between Ibe low-fns|nclicy 
transformer and the i-srlllatnry circuit. Thcac an* in- 
scrtisl for Ihe puri-*-s* of preventing the high fn«|uci«ry 
osclltallomi fr..m passing Inlu the low fn-iiwncy l'»i>*- 
former mill doing |«jwllile damage. 

M> t*»*rM »vttm. This a-yntwn Is ill«-rt r«t.-<l dm- 
grammatically In Fig. M, fr.mi which It will !«■ seen lh.il 
II Is similar <« tin- Miircunl system: the l«n companies, 
however, llgt.ssl UI»iri terms which avoidisl litlgallou. 
The prind|itl dlireniiees Irelweeli tlx* Iwn systems nrr 
ihe tiu-thod of discharging llic. cuwleuaer and Ihc 
method of producing wrlllallow III lh'> radiating clr- 




Fig. I. -Plain 



In soetlnu In Kits 4. consists of circular males 
■ it eopta-r sa-iairulcd from each other li> mini dlstnnec- 
p leers of about - tnlHlmclera In thickness. The s-iairk 
form* lit any tailnt mi the flat surface 'if Hie plates: It 
In ltii'ii fnnssl tuwanl the iiorlphory In a radial dln*c- 
»l<in by Hie chart nana gurtle field, and la eventually ex 
tllrgulshcd <in Its |mth by n nrculur gnajvr which Ibe 
sisirk en iin.it bridge. Itrtwccu with |iulr of plates U a 
Itirit* disk "f thill nipper, which l| .-ITeclIre 111 ruilmllllg 
Ibe licat generated by the s|.ark. Sbnrt-elrculHng plug*, 
which enn be Inscrt.sl laiwrcu the enliier disks, are 
provided In order In short-circuit as many cup* an raiy 
not bo n*i|iiircd. The uucncbtHl spark dl-*-hargc iwiy 
Hills Ire adjusted In milt the voltage, and conaciptcnny 
liermlt of variations In Ibe pi.wer ulilllted. Cor exam 
pie. If .mull power Is n*.|uircd a numta*r Of gaps will M 
short -dmillcd, itml Hie alieriwlur voltage nslncod; If 
full |«iw.-r U reipllnil, all the gn|«< will Ire oiR'tieil inn! 
the alternator voltage raised to oorrc*ia.ad with the 
mntar of gap* It will Ihus be -wen that by coiiiwct- 
lug 11 suitable nuuilH-r of ga|rs In srrlr* anil adJuMlnx 
Ibe vollnee. It l» pmlhlll to keiti the eiieruy |»-r sup 
from exceeding • eertnln ralae, nnil thiw nvoiil over- 
hinting, which would prevent the iplellehlllg of Ibe 
nlmri. Hlnee tlu> energy traiuanltted varlej (a Ibe 
■DjtMn of the MM of Kpiirk gal*. Ibe rvgnlullon by 
r-hi.it i in olilng eiivers a wide range. Tim*. If then* are 
leu ga|r*i and. nine are nit out. the maximum energy 
can be reduced to 1 |ht cent. The prewiire |u*r ga|» in 
aiiiroiltiiatel.v l,3«l nrita, mi that If ten impa urn In u*c 
the ehargi* givin In llic tHMCMIf will rrarh a procure 
of ajifiri.iilniaiely IJ.nm voltn hcf.irc illwluirging irtnn 
Ibe gup and round Hm* imcillaliug Hrnill In which It 
owlllalcji. It will la* noticed I hat the ruillatliic circuit 
in nut indirect]) collided to the neolllatory circuit, a« 
in the Mumiul nystcm, hut in dinvtly iviuphnl by wlall 
ma) Ik* itilleil ait *iito-!r«riwf«irraer, cnti*|i*tliig of a dip- 
per helix, one tuirt of which i« tlK'ltlded in the o«HHll- 
tory elmill. Ilw olhnr |uirt forinlng a |..rlloa of llic 
aeruil nr 
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Tin* arll.ui of n iimpkil circuit trnnmaltter. whether 
mi live ManiHd or Telrfaiikrn aynten. b> h*«>i alniMv 
I huh would II 1"]m*:i r ul rlr«l night. It might seem iiiltuml 
to siipiMme that tin* oaclllalor) circuit li« unaffected by 
the radiating circuit, but IhU would Ik* au incorrecl 
a>->nilititl'Hi. lK*i*nuire. Just as the currents flowing In and 
fro III ttH- 



\B the radiating circuit, so do the Induced currents 
iKHlllallng In the radiating circuit tend to react on the 
oscillator) circuit. Thus when Hie oecillatory circuit 
Iiiih given up Us energy to the radUllng CtfCutt, the Lat 
tcr rlrcolt n-lHrmul-s. as It wen*, and starts giving luo-k 
■.•me of Its faun to the .*«rtli«t.iry circuit. One cir- 
cuit rincla ou the olber till Hie vmSMMkm liiiliic.il 
iill. rniillvely In each circuit die uwuy or an* dlMfacd 
by the violent usclluitlotis nlikli are IkIus fm)tiently 
prmliiceit with maximum amplitude by the condenser 
discharges. Tills action of Iho energy swaying hack 
ward ami forward fnmi one circuit lo the other Is Illus- 
trated graphically by Hg. 5. The upper curve retire- 
«enl« the <i«ci I la lory circuit and I lie loner curve the 
It will be -wen that the oscillatory 
with a maximum amplitude which 
(sirres|sinds with the moment of discharge of the eon 
denser, ami that the osclllalions are iitMorUsi by the 
radiating elmill, in which the induced osclllalions are 
of maximum amplitude when the wltolc of the energy' 
has Ih*cii nlisoria-d by It from the iw-lihilory clivlllt 
•Pie roitlatttig circuit then n*acla mi th.* oscillatory cir- 
cuit, with the result that liisl«*ad ..f the whole of the 
energy remaining In the radlutlng clmilt and bring 
dissllwled la IIk* form of electromagnetic wavi*s. It la 
Isirtly wasl.sl In uselessly exciting Ibe oscillatory clr 
cult. This exchaiige of energy continues utilll the 
whole of the ens-rgy Is dissipated or nidlatod fnim the 
aerial win-. The entire effi*.-t extemls over only a frac- 
tion of a second, ami is equivalent lo the lime during 
which i*neh s|oirk occurs at the dlM luirger. 

If ii Man-mil revolving disk discharger is sultabl) dc 
slgissl and run at u preditcriulmsl sfsssl, the fs'rlisl 
.luring whk-li two moving teeth are |rasslng the two sta- 
tionary tecfll. Is n|ual lo Ihe [ktIcsI duiing whirh the 
whole of 11m* energy Is originally transferreil in the 
radiating circuit : and as tin* spark Is thin extinguished, 
the t.s.th having moved on. It Is lm|..~slbio for the 
lo Bow luick into the 



secoiHl. I'nuiilly the frispMeucj of an alternator .leneiwls 
on the revolutions iter minute and (ha numls*r of mag- 
netic |»iles Kveli suplsislug the IrerlHiery of Its mov- 
ing Jsirt were divided Into psl |ailcs, which Is u large 
numts*r, tin* *in*ed unuld ikssI to be l.*"«i,i«m reiolu- 
tiotw |n*r minute In order to obtain a fr.siuciicy nf 
].iKM>.«M»l |«.r ~s>ital. This sfsssl Is, of ooursi*, ot,v|..ii«ly 
lmisrsslbh*. However, according to a sis-dill arrange^ 
mint of HolitsehnildlX Ihe luagiictlc OeW of hi* nller- 
l» rotallug. not nns*hunl<*.i]|y. hut 
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Fig. X Trkfunlen ayatrm. 



iM-llliiiory circuit. The resull Is that thi* i*»cHhillmis 
continue In the nidhiltng clnmtt with a steadily de- 
creasing amplitude. I Hiring this time the ooiidniser is 



when a new series of osclltatiniis will Is* lii.la.ssl In the 
radiating circuit. This (rue crTee! Is oiilalncd with 
disks running with high |s*rlph.*ral m|khh], and working 
with long waves ami liaise coupling, as the dLsk may 
then !«- arranged to nit off a discharge or spark la-fore 
any material jairt of the energy conimiinlcatisl to the 

aerial Is i. In i • , tin* n~-ll utnn rli nil 

f iwfamiw J or roiilianoaa Oaci'l/oliona.— An uiidam|a-4 
or conlliiiious oscillation 1* one which oscillates coti- 
tinu.iusly with Ihe same amplitude. At present then' 
are two notable systems which produce undamped or 
continuous waves: they an? the (juhlschlnldt and Toul- 



np- 



theory this system 
very closely to the Ideal; hut so far It has 
ls*en unfeasible to carry out In practice what appears 
so .h'sirahle In theory. Thi--on*llcuIly, the system con- 
sists of au alternator which pri-idtices an alternating 
current having u very high fnsjuency. Hie fnsitieucy 
eorri-spnmltng lo the frequency of the oscillation* that 
It la deal red tu produce In ihe aerial wins To onder- 
stand why Mich a syslem la Impracticable for commer- 
cial us.*, that Is. for fnun ship lo s!ku*c signaling. It will 
la* necessary to coosidcr the constrmrtlon <if an alier- 
nator It should first he stutcd, however, that, acenrd- 
Itig to intcniaHoiial law, the wave length urusl .m slilp 
stiitlons musrt measure either -*ua> meters or mm meters, 
Hm* ability to radiate a oDOiwter wave la*lng compul 
sory, Imt the use of a rnKimcter wave Is optional. 
Then furo. In order (o la* suitable for use on 
tin* alternator must he able to produce 
which will give a oXMI-aaeter wave. 

Now, it Is easy to show that a .Dmnielor wave corre- 
sponds to l.tsnnaxi oscillations per second, uud thrre- 
fon* Ihe freipH'tjey uf the alteniatUins In the current 




. , . . . 

r tg. ». — xfiacnaigei. 

while at the sjitne time the armatur-e Is minted me- 
rhanlctilly in the lh*ld In Hh* ojitsrsite direction. Tile 
result of this Is Hie prmltietlon of a frennency dci«-nd 
lug on ihe sum of the rate* of rotation of the magii.-llc 
■rid ami of the armature; and current at 1hl» higher 
rrniueiiey Is carried back to Ihe field ami im slues, a 
more rupldlv n .luting Held Hum the first. To this, 
again. Is added tin* frispt<<iicy pnatitsssl try lite r.s*atton 
of the armature. This pri*sw Is ri*ts*alcd several limes 
until Hm* rcpilred high fMsjuency Is readied. In tlieory 
II Is feasible, but In practice llic isimpllcallotis and loss 
of auergy at each xlep are no great that the Inventor 
has not yet rx<ssslisl a frcjueuey of W.ntai |*r aecind. 
whirh U a long nay short of l.l»»U«»'. the fre-iueucy 
r«s|Ulr»sl Tor the .'un-ineter wave. The system Is there- 
fore unsuitable for short wave-lengths, and is not likely 
to coins* Into use for from ship to shore slgnalliig. 

Is*t us consider, then. whcHu-r or iml it Is |«iss|hle m 
use such au atr-Kiralus for long wave lengths, such as 
are used In high |s,ner haax-dlstarice staltona. 'nur 
wave-length <*orresiaindlug to a fnspicncy of m.iKMi |rer 
Ms-oud would Is- "-"rlxi meters In teugtli, il wave-length 
whk'h has been frispieutly usisl. nnil therefore Ihe sys- 
trm «>uld lie employed fur hang distance signaling. Itut 
aprareutly from the ui-gMlatlons ls*tween Hie roal- 
mastcr tietieriil and the floldschmtilt Cuinpany In Opr. 
many, the ixatitn has not yet proved Itself reliable. 
I'M Ihe informal imi available II seems as If Hold- 
arhml.lt projioses to u^ for transatlnnlle signaling a 
~AM horsc-tsnvcr steam engine driving two dyraimin of 
nearly am horse-power inch, the nrmitlurrx of these 

■MirhliMi l»-ing i icclrd to a molor that ilrlvii. tlw 

high frcpiriiry alternator, the nifatiug isirt of which 
luis no fewer than -'!M pok-i I a i lid ataal -I: it Dm 
general plan adoajM In lUraped wave system* of driv- 
ing Hie whole of the moving plant direct on one shaft 
from a slenm turbine U mon* simple and d.*slrahu?. 

;v,«/.,s tf$l'm. — Nearly fourtwn )ears ago It was 
shown by Mr. W. liudidL the i«st ptr-sidnit of the In- 
atltute of KU*clrlc«| Kngltieers. that wheu an electric 
arc hetwerti two solid cuiin.li rials, as In a street arc 
lamp. U shunted with a condenser ai 
sorto*. electric oscillations arc aei up In the i 
circuit III Hall Valdcmar rouls.-n of Cn|«?llhagetl de- 
acrlhcd tojKirtnnt Improvetxielila In Ihis method of cre- 
ating electric oscillationa. He pnalitced an electric arc 
Is twn-n ii cartsw rial and a copper rod which was kept 
ilsil by wilier circulating within It (see I'lg. II). Tlie 
arc was at the same lime surn.oii.lisl by au utmxnpliere 

oaotaaav spar* 



MM 
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Fig. 5. -Sway between oarillaling and radiating drcaila. 



of bTdrogen or n hydnx-artam mis or v«ia,r. uud < 
transversely by n strong magnetic Held. This arc 
formed [uirl of au oscillatory cimilt. Including a con. 
d.*nser ami ii primary ell of a high fnspirncy trana- 
furmer. Ibe wcvndary' of which fortiwal lart of the 
mdliillng cin*ult. 



1.000,000 per It l» clMtacleiisik 



of au ■tactile arc Hull aa Ihe cur- 
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TvM iiK-ttuwTH (be iw»Utjllatl dlffurcuce of til* e*rbot*a 
dfTtrawn, or, tti trtlwr W4>rds, tbi* uumi mrmit tlmt I* 
jKitt^^l tltrvugli thv urc thu It**** U Uk« prt'*«*uiv fllffor- 
t-jicv iH-twiTii llir nrtNtiiH. >«u* U'l It Ik? kii|i|mnh>U ttiat 
llw hw U* hunilut,' m*Vii.I11). uhil ttv* • ■-«-. Itatory circuit 
In iifplk-0 M it. i-UvlrMly r»«h<w into llw ewmlrwr. 
unrl It i* Miitf rliitrtail thf inmnt (liomilh (Ik* 

&rir W Oiuiliif>ilicil. Tlir jiratKiin* illtTcrriuw ■cttw the 
urc Is ttivrrftin* inrrniw*N!, himI ftu- (it ir|*'t»r*>" ]h t«» cimriiV 
llii' t«HHlvii*H*r clJll further. WIm.ij tlu* L-.-ink-iL-M-r N ftiUy 
clmrctil tin* 11 rt* riirrnit n^'iiln s-Ushtly lurri'ii**'*. itrnl 
tliLi-. rmiMfM 11 riiliK'lli'ii In Dm* |irr««iir*! ilUl-Vtvnvt* 
iter*.** urc TbU nHlurll.m in t-nwirn ulltivo Mm- 
cotMli'im-r m <liM.tmrw! Itwtf »vt\t*» thv *it. Unit* in- 




creasing Uit- arc uulil tlw uiii\linuiii current I* mich.sl. 
when lliccyrlc n-o.muiciirvs. These ru|>lil i-..iub*nser dis 
l*i<du». imHIbilmii In the nullatlng circuit. 
1 an- smluiiMsl by Ih >ii.|enscr alternately draw- 
ing current from tin' are inwl then giving It hack again 
at llii' moment iif illn.li.irgc. Ibe rrsull Ulng tin* prn- 
duc-i !■<■ 1 ittnl radiation of i* n.|xteiit i.r uuilnin|*cd wiivi-s. 

If ati art: of this dcurliMlon could Is- i-.nntriiH.il i.f 
Mir hn sIk- that (t n.uld deal with surla-bnr energy for 
|.ilu:-db*l.iii>v signaling, ami provided tin' lire could be 
tunlntiitiMxl in 11 slnblr coixlllloti, then there mw t.i 
l«* ti.. rrn-in why aitch a system should nut become 
popular, even though Hi clfiL'ti-iirj in very tow. ltiit llw 
arc di**s iit.t remain sternly, anil It would serin minna- 
wlltllble t'l l'\|HH'f It tu .l.i «... It*. Illxtlltlltll)' is caused 
by Itio mrls'ii rl.v1r.Mlr, wliirh Is r..nlliiiliil)v burning 
away, nml llii*. IomI* t.. keep tin* actual length ..f llw 

an- in ti xluti* "f vnrtali.m which xit l»> nviihlisl 

fvi-n l.> tti.* f«*>>itliic un-riiitiiNtu |>(\.vli1*^l. Thlx viirhi- 
ll.'ii In tin* jire results In n vnrlatl.iD In tin. irurn-nt 
niiwltiu iit'tMs*! It, wiilrh nl)^. niiitii*. n v^rliiili>ii In Ih.* 
r'tuirjli' ^Iviii to tile tiiriili.lmi'r, unit ll rirtim*i|m'lil viirUi- 
tloii hi Ihr Nlri^ietli of tlm wnvi;« ouiltmL Tlw. M*rton*- 
11™. ..f ri w.vik.iilii* III llw wu<«i tniusinltt<*U will In- 
oobil- nt oriwr uMMin'nt wbt-n it l» ri'iiltn-rl time If tlu- 
ritmicth of tlw> vvtiif.*! Ik nuiUlrnly rlecrrUNOit. llw 
riviilt of a viirUH.ni In llir Bn*. tbr n*r*titttoii of tin- 
^llrlLalM ill tin* rr*rvli-lntf Kt«ti..n nilirht t^> pe-iirlrry.1 ln- 
nil.lll.li'. nli'l lirolvl.ty Ihr nhnle of tllr* mi*SKiiCL* wx.lil'1 
llctnl to lie n-IHMtitl. 'I'lK' in.*! M*rl..lk>. ol.J.H'tl.'ll to tlrt" 
I-hiiUii i-)«l(iii |h 1101. |k-)1iii|.h. lilt- w™v.m*-w <if niiliia- 
lli.li. Imt lln- vnrUliotM In Ihr Ir-nntli of ltn> w»v.« tTHtr*)- 
uittt.-il. whlrh rr.nlt In tin. rk'nnl. ilba|.|wn rlne mi lln* 
rwHliw itlntlun onliw in th.- tmiwmlil.T c^lllnu out 
of Inn.', or r.-*.nll In thv *.lj;.mlH Iim-rtlnv: Unit K 
H|dir>-*> roluliiu Ihn-iuh ny Nlinuib. Instond nf thr- il..r>. 
■mil HiikIm**^ ..wlii}; to tlu* *.[mcin^ ^I^ilmIh 2*'ttinx In tune 
with tin. riMvlver, 




Tig. 7. Simple rrcririnn rirtoil with nujrnrtit detector. 

nr. miMi m:.viio«Au\«ir wavu-. 
An Jirrlnl wiri* iitiroTlr. ^.•nir of Ihi' olH'rtf>- of oUytro- 
imiuio-lir- niill:ir|..n fniuiu; ii|«.n lr. nii.l it »liH,.rtw r»-tt 
rjiltntion of that hin.l ami wvivr l.-nvlli which It wotil.t 
Itivlf rlnlt If w>t 111 OM-lllatli^l. :iml JlliMoriiH It most 

rrwdll) wlwn an ldrii! In tin* dir.ftlon In which It would 
Itself radiate m.*»t slrwigly. The Iciifttli of ati clr-ttro- 



iiuKiivtlc wave dr|wiid» uti Itn* uaclllatlun coomUM of 
tlw cimilt, iiikd (hp rtsrllbitUHi cnuttjiiit ilr.rM.iMU on lh« 
entweity of the coiMk'iiMer unrl the iiuHnllty of liwliwt- 
iiim*c In lln* clrciilL Tfai*n*fon* all timm-ItIiii; Htatlon*t 
nhould Imve enilnKlhtl III their circuit u vnrlal.lr* tixlucl- 
»tn» and a Yartahlc nmikiuaT. wU rcbj the cln-ult mil) 
lie ium*d 1« rixi'lve the wavi-n tmllntcd froin the triiii»- 
inlttliii; mIjiIIi-ii. 

The wlllntloii*. rroilueiHl In a rrcelvlnu circuit \<j the 
wave* imr.ini;liiK on tlu. aerial win. to which it in con- 
iMt'tcd are inrt directly aiifirecliihle by our m-nni*, iiad 
Ibeir rxlKteuu- cnu only In* ancertained by tbe eiu|»l".y- 
nu-iit »f dctwtorw. When an aerlul wire U r.. U. u«hI 
for recHi'lnit 11 inay be connected directl) to a circuit 
contaluloj; an nscilialiirn (Utector, or Inductli'rly cvu- 
lilcrl tn n circuit In which the detoctnr U placed. 'Hi* 
former and cluil'ler nietlH.d I*. «bown in Flit. 7. Wav<», 
fruni 11m. Imnmnitttiu; Ktation iraplriCL* uu the aerial 
wire, nial If the variable Indiictniicv and cnralerwrir are 
nultubly udjunti-d no that llw wave-leuzth of the receiv- 
Ink circuit nirmqioMU with the wavu-lenxth of llw 
traiiHuilitiiiii clrcull. then euerw will U> abm«l>fHl by 
the aerial wire and electric nsrilbitlmw net up, whlcb 
ouiini luiokwanl and forward lietweeii tbc aerial wire 
and tbi* eartll- llUHTtml In tlw clrcDlt U a d»*tiM.'t..r. 
whldi lu the nrmiiticniciit lllUHtnited b. of tbe miiK'nettc 
ly|ie. TliU Intstrumetit U lurirely iLw*d by the Mnmiu! 
C«iii|»ny, ami eo»)prl>«« nil lr..n luind mliillnK In n 
uiaeiwllc field •>» an lo curry the Iron lliniuKb n cycle 
of miiirnelle cbJirurea. When electric i»i-llliillimi< jmimm 

tbrotiKb the primary coll « mI nmiid Ike IhiikI. the 

ehimisc nf Ihe inni^n-tU* nlate of the iron in-ncralcr* an 
lnduet*d current in Ihe HecuJidary c**il, nutl hence a c*ir- 
nut null a mnirul bi the lelepbiaie n*t*elrer. 

Via. t* nhoww mi example or a receiving circuit which 
In inductively coupled lo Ihe dnlpctor circuit by two 
ivlla A n ml « *i urraiisi*d thril one movm n«lally with- 
in Ibe ..lbr*r. whereby llw dinlarwe InHwer-ii lh<' coll*, can 
la* vnri.il. Tlw smit adviinlnin* ..f a eouph-d circuit In 




Pig. t.— Telefankea inductively c*.ui>led circuit. 

tbe ublllty to ellniinule wave* of NiUttitly different wave- 
length, ami tint*, promote Kharpnetw In tunlns. which Ih 
Mltil a very denirnble feiilnn*. For eninipte, NU|i|Hieie 
we ilenlre to pick out a distinctive Matlon ntnotis aevcrnl 
which may Ik* idKualluic we would llr>t brlrii; tlu. coil*i 
.1 and It clone together or hi lib' one within Ihe ether »o 
an lo eunple tile two clmilta IlL-htly. and then lime flu. 
detector circuit by varying the eondeiiMt-r atnl ItnliH't- 
nijce until tlu* vnliw of lu owcHlntiirti emiiitaiit aie 
pmneheii that of the receiving circuit, when we will hear 
the signal* Intended for uh. If. however, Uwjm* Klgnnls 
are "Juinined - by signal* from other ntatlnrm, then ihe 
oil* A and B are ae|<arated from cucb other mid the 
clmill-i finely tiinerl by careful adiuxtinent nf the cnii- 
denaerM and Inductaiiceis so that only that wave wlii.ii 
will Ket die reeelvinK circuit oseltuittnrr mnet vliJently 
will Induce rwlltattoniT in the detector circuit. The ua- 
dealred wavea, which may be of alichtly different fre- 
quency, will not produen oaclllatlrma In the reeelvirw 
clrnilt or a atrenslb auniclent to reach acrom the dU 
tanee la-tweni the twu enlla A and B, and lruluee forced 
iwrlliallnm In Ihe detector circuit. 

It 1* ubvuivjn that thU metbnd of aeleetlrlty cannot be 
obtained hy a altuple receiving circuit lu which tbe de- 
tector b Inserted, know If tlu. rletrctor la reaaonnbly 
delicate It U certain to be affected by all wave*, of a|e 
prnnliruitety the witne wave Ic-neth. whereaa with an 
Indnrtlvely eoopkvt circuit only that wave hnvln* a 
rreiiuency Identical n-llb the natural frequency of Ihe 
rreelvinK clrnilt will set the HtciU necllhitlnit Willi 
nnfltelent Intenaity to Induce unetiutluin in Ihe looacly 
cvilplerl detector elri'lilL 

The arrangement ahown Id Klit. S U aibipled by Ibe 
Telefnnkeii Company, which employs rryntal detr*rt..ra 
of Hie kind nhrrnn In Kin. 0. which cwnalat of a dellciile 

held in a clip or holder. Tbe action of thin type or de. 
ti«ior l» tiol jet tltonnurlily nndrrKtnnd, bnt certain 
deflnite fariii hnve Iwen eatahltHhed. The .atelllatlons 
Ini1n.ini in the circuit by the wavea received are ar, 



and proditce ponlllve and negative currenta oaclllatlng 
alternately lu i*ii|to*iite direclliuiK. Now it hua been 
found In actual practice with cr>«tiil deleetor*. that the 
current In one direction iunoa**i thriHiKb the crjnlal be- 
Iwi-i-n Hie i-ntitarts to n niu.ii irivut«.r exti'nt than the 
current In the other dini liiai. uixl tlw pni.-t 1'ilt r'lrtii 
of IbU lilleiwiuieni.il is to H-iHimle fr.tfli Ihe asclllllliinia 




Fi g ll.-Secti.aa 



a din-rt curri*nt which |hlnh*h on anil pnalueeu u wound 
In the telephone, or inn* lie c*n*ed to affert wiaie other 
device lu the circuit by which Ibe xlguuU cull be distlii- 
iul-.li.il. 

t'rj'xlnl deli*etor* are iibw Uncely uw*tl by the Mar- 
cnl Oimiihiii)'. eiirt«KTUinloni U'lng the eryntal princl 
pally eniphiyed. Tlw iiimnireruetii adopted l*i ahuwn In 
►ic. III. rri.ni wldrh It will la- «een that the crystal nnd 
lelephotie are ur ranged In wrlw with a |>.jleulbirueter, 
wherHiy u xuiall curn-iil can la. inancd through Uw 
li-yatiil. 

Willi Ibe ijiject irf xlill furtlwr IncreuHlug tbe nbarje 
iw*x of inning and **leetlvlty, the Marconi I'onipwiiy 
employ three circuit-*, in tlwlr receiving ap|uratUH, an 



detector cln-ult h^K li lireult eontnlrw a varlnble cn- 
detiner and iiiduetHiice. ao Ibat by llnely tuning Ibe cir- 
cuita to the freipwricy of tlu. wavea to la* received, ami 
Iben by moving the cidla In the IntcriDcdUlc circuit 
away from Ihe colls In tbe ns*elvlng and rlelisrtor cir- 
eall*.. a very haw coupling can be effected. that only 
Ibine waves having u frvsineiiey n.rn*s|»>lallag to llw 
natural fminenO' "f the thrw- circuits will he abb. to 
excite oHclllulioiia ill Ihe detector elrx-ull. The iNieilla- 
tloiis prudiMxal in a receiving circuit by a wave of dif- 
ferent length to that wave-length for which the circuit 
is tuned are termed forced inmjIIUIUuis : nml. although 
the** forced oscillation* may exist lu the receiving cir- 
cuit, and mny [Haudbly excite oscllhlliiais in tlw inter 
Ni.«lliite lireult, they are .inwfcly tlampeil down and give 
wn) to the uiilural oHcillatlous t | roduci*d by tlw waves 
r..rrr»-|i*iiMl!ug In lenglb to tliro^. for u-hb-h the elrrnlts 
lire tuned. Hence Willi Ihe Mnrvonl miilliple Inner 
tlu-re Is very little jHEMslblllty of ttu*M. Interfering wnve> 
ri-nebiiiu the iletrvlor elivult and "Jamailug" the slgiaiU 
lul.-iidcd It. Is* nsx-lvcd. It should Is- nieatlooial, luiw 
ever, that Interfering wnvx-a can only I* exeluiled In 
tlw nmnm-r deserlbeil wbeo the waves llntiwlves are 
ihnrply luiusl. A wave having ii tint lunlug wouNI pr<*.- 
ably break Ibri.ilgb all Ibe circuits and might eaasc 
wrloiis Interferi'lM-e III tlw iletis-tor circuit l*y drowning 
■•ill the signal* which alv InteliiUd to Is- received. Ac 




eordlnu |.. Ibe law in munt c<.ultlrli.s, however, sharp- 
ness of tuning In the wnvrss tmnsmltr.sl from statii*llK 
working on cortiineivl:.! wuve-lengths i-> isioipnls.iry, and 
by miains uf Uils silpnlatlnn sel.-rilvity In wlrvleen 
telegraiK*iy 1a reiifler.il poHslhle, lint in time of war 
laws are not cnusidcird, and II often prove* of great 
value to rndlnle highly ilnintsst wai.-s having a flat 
tuning so as to cause serines Interference with the 
•iwmy'H liistrnmenrs nixt |*revent (Imi exelunige of slg 
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V\t. I. — A tjpiral load euree »f a lirhtinr central malinn for * normal sum- Fig. 2.— A typical load carte of a liR-hling central mat inn for a normal winter 

mer day (1913). Uy (1913). 

The Storm Detector* 

Its Influence Upon the Operation of Lighting Central Stations 

By W. H. Lawrence 



tjrrnoDvcTioH. 

Hi rii public utilities as those supplying ira* and water 
are fortunate in that tlie commodities they distribute 
arc physical materials. During (We part* of the day 
when the demand for their product is nau.11, the excess 
delivered from the station can lx> economically stored 
in ft reservoir for use nt later periods in the day when 
the demand i< greater than ill* MapMlilj, of the station. 

The public utility that distribute* electricity, however, 
cannot he modeled profitably after this plan on account 
of the properties of the commodity that it handles. 

Electricity, like light and Hound, u not a physiral 
material and therefore ran exist only a* long a* the 
influence of iu general i nc source continues. Tliis 
property render* it impossible to directly store or pre- 
serve electricity for future use. Although such an end 
may lie indirectly accomplished by the use of storage 
■ -IN, which convert the kinetic energy carried by the 
current into potential chemical energy and Inter carry 
out the Ttoonvcrsion. the efficiency of this method Is 
very low. For thin reason, the uw of storage batteries 
In supplementing the generation of electricity has been 
restricted to such purposes ns involve the furnish I nc 
of a reserve to safeguard the service against Interruption 
when sumo acrident temporarily affect* the generating, 
transmission ur transforming systems. 

FJcetnca] citations, being unable to eeunoniiealiy avail 
themselves of tlie use of a reservoir whieh may be eharged 
with the excess energy of thn station At light-load periods 
and discharged to assist the slat km at the heavy-load 
periods, have to be designed with a capacity equal to 
no less than the maximum demand upon them. This 
factor of an installed station rapacity at least equal to 
thn maviin im peal, lot ! h tabagHlsMM ImmkIsJ 1 MMtfMajl 1 
to which an electrieal station in subjected. That this 
condition is unavoidable has long N«en rwusrntxcd ami 
accepted by our business mni ami engineers. 

Tlie variations in the load which are demanded of a 
lighting station during the day and the characteristic 
difference between the summer and winter loads are 
shown by Fig*. 1 and '2. of which Fig. I is a typical load 
curve for a summer day and Fig. 2 MM for a winter 
day. (A typical load curve for the month of March 
is shown in Fig- 3. It will he noted that the time at 
whii-h tli*- peak occurs lies between the hours of the 
winter and the summer peak.) 

Saneo it is only during the peak load of the day that 
the whole equipment of the station is working, it is 
evident that the return on the entire investment during 
the IMMMJiM of the day rnii-1 U> earned by that portion 
of tin- equipment tluit i* then operating. 

This is a condition that nukes it highly imperative 
that an electrical station bt operated with maximum 
economy throughout Ibr entire day. Chen a certain 
station equipment, this is mainly accomplished by a 
strict adherence to a regular daily routine Thus, at 
any period of the day only that riuuirter «»f inaehines 
is operated whi«'h is sufficient to economically earry the 
load then cxUling. At times of light load or average 
toad, a «tcam-driven station will have a large share of its 
UiiU-rs "hanked" and a numU-r of its generating niiil- 
I ' Wheu under Mich a condition a large uiiexjre* ted 
demand for an increased output may mad*, no nid- 
• liepruductxl Imu Uut C*n*rai hitiou Moirir. 



denly that the number of machines which are operating 
will he insufficient to carry the abnormal demand, and 
it is probable that the standard of service will be lowered 
until such time aa reserve boilers ami generating units 
can be brought into service . For this reason it is im- 
perative that the station receives preparatory warning 
of any abnormal demand. 

The rapidly moving clouds which accompany a storm 
constitute the principal cause for the sudden and un- 
expected increases in the demand for current from a 
lighting station. The effect which a sudden and heavy 
storm may have upon the station's output is shown by 
the sharp peak at the 3:35 P. M. point of the curve in 
Fig. 4. This ii the record o* an actual occurrence which 
took place during the month of March, 1911. It will 
be noted from this curve, and by a comparison with that 
of Fig. 3, that the demand at 3:33 P. M. Is 73 per cent 
greater than it would have been had there been no 
storm. An increase of 40,600 kilowatts, in this instance, 
was called fur in about five minutes, which gives a good 
idea of thn severe demands that may arise and which a 
lighting station must be prepared to meet. 

Any device, therefore, that will provide a warning 
of the approach of a storm, at a time sufficiently for in 
advance to enable the station attendants to prepare 
fur the exception to their daily routine in a deliberate 
and orderly manner, would be most welcome. 

The storm detector is such a device. 

BTOIUtfa AMD TUB. 1H EFFECT ON THE DETECTOR. 

All summer storms, or practically all of them, are 
accompanied by electrical dbturbaaeee in the ether. 
These cover a field far greater than that over which lite 
storm elouds themselves are visible. By use of antenna*, 
some of these radiations may be intercepted and by a 
suitable apparatus be made to give an indication of not 
only the presence hat also the relative proximity of the 
storm. 

The storms that occur during the winter months are 
usually snow storms and are of but a weak electrical 
nature. For this reason, they may perhaps not affect 
the device. At this season, that Is a matter of but small 
moment. In sinter the load upon the station* during 
tlie daylight hours is uniformly greater than during 
tlie summer, and the demand regardless of the severity 
of the storm will always be from JO to '-!•"> per cent I*-** 
than the demand which occurs daily between o ami 5:30 
P. M M for which the station is always prepared. 

This is evident when it Is «unaider*d that sindr 
storms have no effect on street lighting and other outs»dc 
lighting, sign lighting, residence and apartment-house 
lighting, cte., all of whieh are on at the time of the daily 
peak at '> P. M. For this reason, winter storms are of 
such minor importance that the service of the storm 
dMBV MM is dispensed with during that seasou, 

nr«:nirnoN or sTonw nr.7Kc-roR. 

The various part* making up the detector are an aerial, 
a short-ci vuiting switch, a spark gap, a coherer, a relay 
anil Ivattcry, a hell (whieh oJm> acts as a decohrrer) and 
battery, a 0 mdeuMT and a ground connection. Fig. 5 
».hows the diagram of connection of these parts. 

lerfai Antenna?, similar to ill*- nova simple ones 
used in oouaocliun with wireless tulcsrniph outfit*, haw 



been found to serve the purpose admirably. It la this 
part of the equipment that receives the ether radiations 
resulting from the storm. 

The oscillating current thus set up travel', to and from 
the ground through the spark gap, ooberer and con- 
denser. 

Short-circuiting .Switch .— This switch and iM con- 
nections are shown in Fig. 5. Nominally, it is kept 
in the "open" position. After the alarm bell has begun 
to ring continuously, it is dosed to protect the apparatus 
from heavy surges and to silence tbo bell. 

Spark Gap.— This consists of a simple gap with 
spherical terminals placed approximately 1/04 inch 
apart. The purpose of this gap is to prevent those 
surges that are induced in the antenna by the radia- 
tions emanating from wireless U'legraph stations, but 
which are very weak as compared to the lighting dis- 
turbances, from flowing through the remainder of the 
apparatus and thus causing a false alarm. 

CoaVr rr.- -This is also patterned after the type of the 
simple ones used in the early days of wireless telegraphy. 
In brief, it consists of a short section of glass tube of 
small bore loosely filled with nickel-silver filings. These 
are connected at each end to the outside circuit by Ger- 
man silver plugs. The action of such a type of coherer 
is well known, and needs no further explanation than to 
say that it acts as a high resistance to the low- voltage 
battery current impressed upon it until a high-frequency 
discharge current, between aerial and ground, has passed 
through lU This high-frequency current effectively 
lowers the coherer's resistance to the battery current, 
which consequently allows a greatly increased battery 
current to flow through the tube. The resistance of the 
tube then remains unchanged until it is violently jarred, 
at which time the high-resistance property returns. 

ReUty and Ballery. —The most effective type of alarm 
is an audible one, of which thn simplest form is a boll. 
However, as a bell requires a greater amount of current 
for its operation than that increased amount of battery 
current which iB caused to flow in the coherer hy a high- 
frequency discharge, some magnifying or relay device 
must be used. The relay employed is one of the ordinary 
telegraph type and the battery /?,, Fiff. ft, is of dry colls. 
The connections are given in Fig. 5. 

fbtt and Battery. -The bell is one employing single- 
stroke connections ami is of a sixo sufficient to be easily 
heard throughout the system opernt«ir*s office. (Tlie 
coherer, relay, condenser and Im II are located In this 
office.) The hell has its own supply buttery of dry- 
cells, Bt. and is controlled by the secondary contacts 
of the relay, as shown In Fig. 5. 

As the low -resistance condition into which the co- 
herer is thrown by a high-frequency discharge is per- 
manent until the tube is severely jarred, the hell is 
mounted so ibat its clapper will strike the tube and 
thus perform tike twik-fold function of N II and dcccihercr. 
fit is evident that the tube must be decohered, otherwise, 
it would not show the effect of a later high-frequency 
disc barge.) 

CenaVnsaT.— The condenser is an ordinary one and is 
inserted in the ground win* t»» prevent stray dir»**t 
current from Il'»wiug in the apparatus. 

t7r*»r.««f r.'nfnr-fo.rv Thi- connection eompU'tea the 
high-frequency circuit from atrial to ground. 
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Pig. 3. — A typical load tunc or a liirhf i »i£ central station 
for a normal March day (1911), when the condition* of 
operation wrrr normal, and the load curve follow* a 
regular daily cycle. 



Fig. 4. — An example of a load curve of a lighting central station for a March 
day (1911), during which a severe unexpected storm took place at I*. M. 
But for the abnormal peak occurring because of thin slorm, the carve would he 
similar to thai of Fig. X 



OCI H ATIOS. 

The wparmtitm of thr apparatus comprising the storm 
detector leave* |>tnctienlly nothing to be deal red. Th*- 
manner in whic h it enter* into the activities of a steam 
station will bo described, a* it in |*Tuap* to such a station 
that it ti of the most benefit. 

It will foe ronietnbered tliat the. hell or deeohecer, 
together with tlie coherer and rolay, are located in the 
system operator's ohVc. 

It is the duty of the system operator thai be keep 
continuously pouted M the denuuvtU that are or may 
lie made upun the station for jwwer and to so dimet the 
disposal of all the generating machinery tliat the station 
will afford Uie highest quality of service and will operate 
with the maximum degree of economy. In detail, the 
Latter function In* performs by orders to tbe boiler room 
specifying how many boilers shall he maintained under 
load and how many HfoaU ba carried "hanked," by in- 
struction* to the generating room a* to which machines 
shall carry the hind and which other uiuU and auxiliaries 
shall bo held idle or in readiness, and by orders to the 
various switchttoard operators aa to which feeders shall 
bet used in the disposition of the output 

Under the u-ual daily conditions of operation the 
demand which will U> tmide upon the station from hour 
to hour is accurately- known, for th* variations of the 




Fig, !>, — Complete diagram of cannrctions of the 
apparatus comprising "the storm detector." 

load rune constitute u daily ryle. Tin— regular 
change* of loud, ls-ing anticipated and taken care of 
by orders from the *>h1iih operator, Iweome a matter 
of station routine. 

In order to secure smnotlme** nf plant ulceration, the 
system operator is informed of the unusual departure* 
from the regular toad curve that are to lw expected, 
e. g.. exhibition Lighting, dc., ami also of lh*> weather 
forecasts, All such is of great aviistance in aiding good 
managi'tniTit. Tho*e unusual irregularilun ixf whose 
coming )th* is reliably warned present im difficulties It 
has l»een found by operating experience, however, 
that the weather forecasts come far from providing 
a reliable ami »«rly warning. Further, the reports are 
nut couched in such terms a* furnUh tin- system operator 
with the information that is uf paramount importance 
to him. viz.. the rapidity, in hours, of the approach of 
the storm. 

It W true that the numU-r of severe storm* which 



come over a city with extreme rapidity is much less 
than that of i lie slower moving storms, but, on account 
of their tremendous capacity for suddenly deranging 
the orderly routine uf the lighting station and perhaps 
cien affecting the standard of its service, the fast moving 
storms make it roquiaite that all am to be guarded 
against. 

Auumc, for instance, such a storm to be approaching 
a city in which is located a lighting station that poasesaes 
a storm detector. 

At a time varying from two hours tn seven hours before 
the actual storm cloud* roach the city (depending upon 
whether the path of the storm is a direct or a roundabout 
one}, the alarm belt will t>cgin to strike at intervals of 
from five to fifteen minute*. The system operator 
regards this merely as the warning of the possible ap- 
proach of a storm but gives it no further attention, for 
the storm may change its direction and pass off without 
molcsiing the quiet weather conditions of the city. 

The disturbing conditions by their further approach 
eauae the bell to ring uflcner. With the storm but 
about two hours' travel away, lite bell will strike uImmiI 
once every half minute or every nun tie. When this 
occurs the system operator orders the reserve ls-iiU r* 
into service, the auxiliaries of such generating units as 
ho deems may be required started, and the generating 
units themselves run at tow speed. 

These conditions prevail until that later time when 
the bell gives an insistent warning by uniting its periodic 
stroke* into a continuous ringing. This will ordinarily 
occur at about one half hour to one hour before the 
storm reach*-* tbe city. It has been found quite often 
that even at this lime the sky will remain clear ami 
unclouded to the eye, which shows how much superior 
ore the services of a storm detector to those of a watch* 
man stationed upon the roof to observe the conditions 
prevailing In the sky. (This latter practice wan the host 
one available prior to the development of tbe storm 
detector.) The switch short-circuiting the drli<c1or 
la dosed when the Ml begins to ring continuously to 
protect the receiving apparatus, for the storm will now 
Im- ciim|>*ratively close, and to silence the bell, fur its 
warning* are no longer needed, since it is positively 
known by this time that the coining of the storm H a 
eirtaility. Simultaneous with this action goes the *wd» r 
to synchronise the incoming generating units with the 
bus. K very thing is now In readiness to supply the 
increased load which will be demanded in but a matter 
of minutes. 

The following are actual records of the frequency of 
tbe bell warnings and the toads existing at various times 
preceding two storms last year. 

July n, 

1:45 V. M I hell. 

2 '.: .: tn I*. M 1 bell every 4 to I minute. 

.1 :«> I'M bell begun ringing continu- 
ously, load MajOOO kilowatla. 

4:15 I*. M < very dark, heavy rain storm ), 

load 1 12.500 kilowatts. 
August 1. 

H 'J." A. M.-24W P. M. . . 1 bell every 3 to 5 imnnt*-. 
SMH 1*. M. -2:151*. M... 1 bell every »j minute, l<md 

at Hm V. M . 1 1 NU Ml kikiwatu (cloudy). 
7i%B V M.-3:*2»I*. M... Ml ringing oontlniMHisly, 

P. M load lrwi.mio kihtwatts. 

arri.ii'ATioN or thk nrTKrron. 
Tbe storm detector a« dewrila-*! is in service an<l 
UM*ated in tbe office of the system operatiir In tbe water- 
side stations of tbe New York Kdison Com|>any. '1 t < • 
kIhOouh, ho fa** oa it U known, are the only urn's pntecHsing 
a device uf the same nature, 

Tho field for such a devioe antung steam-driven light- 



ing Mat Urns would seem to he in the larger cities, par- 
ticularly in thoae wlii. ii pu»< K . croa'ded offieo districts, 
as it is the loud derived from such a source tliat Is moat 
sensitive Ut changes in daylight. 

A field in which It would also seem tliat I he device 
would furnish vul'.nibl- rvi-c i- t'i:it .it k.-ping tin 
isolated hydro-elcetric stalwiu informeit as to the weather 
conditions existing in the distant cities which it is supply- 
ing with lighting current. The place* of generation and 
consumption being so far wpaniled, a visual observance 
of tho weather conditions at the power plant would he 
of no use. By means of storm detectors located in a few 
of the widely separated towns which receive lighting 
current from the station, the attendants may keep fore- 
warned by a Ml in their station as to the irregiilnr 
demands which may Im- made on them by storm clouds 
passing over those distant towns. 

The Antiquity of Some Common Articles of 
Apparel 

Titr.sr. bt nothing new under the sun : not even a 
collar stud. It may lie rather surprising lo I he reader 
that the U*wiaim jn*o^»ei! collar studs, for whoever 
snw a Itomau wearing u collar? The fact K he did n*it 
use the nluil to fasten his collar, hut |H>rhtipa to hold 




Safety pin*, claspa, "collar sludi." akd hair pins of 
Roman anllqulty. 

together other gnrineuta, ami, Incidentally, he nbto ap- 
plied It to no entirely different purpose, namely, as a 
caster for chair legs, etc.. somewhat nfler the manner 
of an firtlctc known on the market to day ax "domes of 
idleuce." 'Hher nrlb'te^ which buve U-»-u foiiml iiiuong 
I ti>nui a cii- an- vu rloos forms of mi fHy plux, n ih! 
atawa bulr phis f;.-hi.-n».l like the but phts of today. 
There were ajsaj elas|ts In use whhii wwu to ka\W 
W a Ttwtl to f:i>teii || lMiOi|IM*t to the Kollilio In dies* dresses. 

Kor Shunting Purposes ut the Cleveland ore docks, 
with it view to iiviiMhiK the lnc1u<*loii of the Mounting 

■ '-ii ■■ ■ - the curs 3*1111111*11. the Piiiiin> tvaiilu 

Utilluii) bn< Ititnsluoil locomniiv*-. whl*-h hare Hie 
peculiarity that tbey do imt run on the same line* us 
the inr* tl e> lunidle. Imt on a imrrow gime parallel Hue. 
Kiicli eiurlne bus an arm >m ench *lde whMi can Is? low- 
ered by meaiin of n>in|ir«'H>*iI air coiitrolhil from tlir 
mk n 1*1 acts as a imslier. Tbe |.»vmiio|U.'- aro «f 
Italdulti-Wt^tlnghoii*** make, nnd tire 'S* Ions In weight. 
I'nwer Is oltlalncd from |no mils Ijliu; Inside the mils 
on which the locomotive* ofttfRtv; these mils are |»ro- 
toetcd by u wood covering. 
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7»t> Dttt Oil <i! Tar I'rucun or -frmiaUme." John 
Uctbcl rVQlvcd In 1NM « praellcal process f-r llw lojttv 
lioll of not creosote ••II, or dead oil of liir. Into wood to 
lie prcacrvasl. the operation 1*1 in; iierforwud In a closed 
>»'*fl ur retort uixler pressure. This process U now 
universally known a* "crw~illii|t," which, however. 1» » 
mLsiwuier, as dead ull of tar or cr*s..u«e o|] actually 
PlaHtlal no real rrv*«Mit«. 

Tlx. MibNMnn- own. Ita flimw a% un antiseptic agent 
lo ihe presi-iicc of Insoluble non-volatile wiliBinuetw lii- 



l.-ii cnn-full) dried, bi steamed and subjected 
retort to tlw actl.wi of a hcaixl vacuum of 1 
24 Inches, *j lhat tlw Ihorough and null 
lion of iImi proacrvlnif liquid or ageiit, rawnllal to the 
highest etBelelxy. tuay be Immred. 

Tlx' creosote nil or dead oil of tar l.i I Inn admitted 
In tlie- chamlMT, wbb'h latter i* still maintained enn- 
wlth tlir vacuum pump, at a temporal un- slightly 
It »f Itie ts.llliig IHdnt of tlw sap at tlir pros 
sure in tlir retort at the lime. Iruring the tllne Ibal 




LONGITUDINAL SUCTION 
Fig*. 8. — Pressure creoaotiaft plant with one cylinder or retort 
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cross Section 

srrt'MHorteB, 



different M the attacks . 

t conditions lo wbleb Its pr.sluct la normally 
Nafitillittlin IC.ll.l, wlilc* Is a u)drocarbuu 
occurring In large .pinmulc* In tlw benry coal oil i uaph 
thaliii comi-niMU amount lo from .» to i» per cent by 
weight), U In It* pure Male u white substance, taking 
tlx.- form tif rhsa-ly adhering rhoinbohUl crystal* fusing 
al 711 dei;. tVnl. r 17I.U dec. Fabr.), vaportilm; at 212 
.|«5. to M At. lent. (413.11 <wg. lo 43* del:. Fahr). 
and bin lac a siss'llic gravity of (1.U77* al Ita hidllng- 
IHihil; Insoluble In o.Ml water, si 1*1,1 Ly soluble in bol 
wuler. ami allichlly volatile at ixirmal tcmiwratnr.'s. 

The Iwavy ox dead nil of tar used for creoootlug. a* 
corduuE to Mr. Uowe, sIhiuhI not uoutaln more Iban Hi 
per cent or water, a per cent of lar. and 3 |wr cent of 
phenol or carbolic add. II muni not llnsli below as dcg. 

• ei t. Iisn ib-g Fahr ,, i I .i. :i .]..: 

(•JUU ili-tt- Fahr.). anil mu.it la- llnld at is .leg. Cent. 
(IIS dog, Fahr >. II should 1h>kIii to .Until at 100 deg. 
l enl. (330 ileit Fahr.). anil afaonld yield Iwtw.s-n that 
. ami -211) de*. Cent. I4IU dec Fahr.) of all 
tbau 211 [ht cent by volume. Between 
•J10 .leu. Cetlt. (410 dee. Mb) all-l SMI deit CVllL (470 
dec. Fahr.l Hie yield of uapluballn mn«t not lie lew 
ihan 40 |ssr cent, nor mow Iban M pN rent by lolume 
At 2 ih'itreea above lln Uqucfttal l».inl il riiatlU have a 
niiiMtniim Hi"llle Itravlty of In,"., and a uillilunliil 
H|.«ilk- itraviiy of 1.015. 

Tlx' '■eT.-.twiliiii;" pr.MN.H4 iin.loill.t.*ll,v slves evivlliTit 
reMiilu. and 1h exlermlv.-ly ute*! in Ihls ciuitry ami in 
AuxtI.ii. A Hie mull tlx. ni".i ei.iumereially praelleal 
Plant (pllralra to lw diw la Battel, U aiillxulle nvonl 
of tlw um- of erenM.le .41, r,.r lM|an«nnllnit lluila-r. bh 
far l«rk aa I7.'<l In »id lo exlrt. Itetteffa eip 
allowed tlmt by Ihipreiniatliig Ihe «.«»! win a 
mum of 7 Jxiuotiji of cre.jm.te la-r euMe foot. aalUfai'tory 
n»nH* were obtatiwil In the .if railway Kleetmn. ; 
f..r Baa ri ne work he cotmidered Itiat not hua than 111 
t-.iin.bi |M-r cul.le fm.t waa riipilreil. tHIwr ex|*ri 
ini'iiien. have Miiployed from 10 imiiimU to an |hmiii>I» 
IT eul.le f..,t. Thla ipx'-llon will, however, be K.aie 
Into taler. 

A standard m.'tlxal of C H| l l ..lit tlw crwmiKini: 
pr.reM 1b rb follows: The wood for treatment, having 
H«yal l-rj of Aim, Ull uab- 



the hot oil Ib Burr.mndinif Ihe wibbI. and iieiwtralluif 
int.. tbe iiilerlilir.Kli. »|«rea, any aquenua va ( Bir tliat 
biIII remaliw In the w.h«I rlwa to tbe top of tlw chain 
Imt. owiuic to llM leawr binb'Iuc univlly, and la drawn off 
by Hie pump, and when tlw ctianiher 1b completely Oiled 
with oil all tile remaining mobitiire biiB |iMMaed ..IT. 

Tbe oxhauBt pump 1b tlx'ii cut "IT. and, lo facilitate 
and expedite tlw imprcgnatnm of tlx' wixai, a force- 

iuto'lbe ehumber'or relort until tbe d,^lr,B| l prcLnre! 
■■Mr* 11} al«.ut 100 |..ui«Ib t«'r niuore inch. Ib atlalued. 
Ttlla pnarani la lwld until the wtbmI has reeelvial the 
riBiuirvBl amount of tlw autbjepllc aceuL Tlw oil re- 
maining U then withdrawn from tbe retort and dumped 
Into an iindcritrouiiil tank, fiviin where it Ib pumiaBl laick 
Into Ibe meiiMiriiiK lank. Ibe difference In the rendlmt of 
the tank itaxc l.'fi.r.' the ..II Ib put Into the relort, and 
after It fc< pumped hack Into tbe tank, et.liir approxl- 
tnately the amomit of ere,e«ae oil luy.B te<l Into tbe w,«»l. 



Tlw Impregnation iB'Ing c..in[.lete tlx. lelort Ib opened, 
the trvattBl wood removed, and an.it her charge can he 
U aa tlti at Tbe ■kmc iBraetlce, It will he i-eell. cwibIoU of 
I wo dlBtliict HMMUuiia, the prepuratlun of tlw wood and 
Ibe iminvguallou of tbe prewired w.aal wllb tlx. |.re 
wrviitivc aiteiil. 

Tlw i.re|«tnitl..u of Ibe wood etaiBUlB ehBcnllally In 
the extraction of Ihe Ii.jui.lB, mid Bcmi-U.jui'lB, which 
eumitltute the luinnuunc jairibai of ih.« w.»al, and are 

rtimliml in lha latwtlCM btlwwn tbe iii«.'m, without 

aoflenlng tbe cm.nt hln.lii« or dbrlllie or buixllm of 
.•ellubme HbbiX' whh h form the ~dbl or fully MMtMlwt 
IB.rliona of tbe vkhmI. '1'lx' alaive iqB'ratloli reiuovcB all 
tlx.M* ]«irtl.am of 111.' tiHilw Which are liable to fer- 

UK'Ulalivc action, and tin- value ..f arlinebilly preserved 
wmal ih'lB'lxb. entirely ll|»a Ita Mirreaxfui ao.m- 

pll-.llllX'UI. 

Tlx. umoiint or pr."e.ure lo which tl.c w„«l l- auh- 
t retort duriiu: impm.-uali,.n la a matter of 
liB|«iriaiicc. A hUh imnBUre leud* lo ex- 
latlite the o|a'rutioli. but ll iuubI uol Ibi overloidtcd Uiat 
tun husb a prtwaure Ib liable to cuu 
of the wood, by forcing in more of tbe i 
natural voMU can lxjld. 

Tlw general ojiinlou among experta aeeroa to be that 
ptM«MireK of from ino laaindB I.. ls> iB.nuda per aiiuare 
iiwh are Ibe m.«t advauugi-ona. Ibe higher piwenir™ 
U ln^ riipilrtBl for cre>B*»«to oil aixl the lower for other 
ageuta. lwaldca injury to the wihxI. over prvaaure bIbo 
eain^a a cv.n*.UicnibU' waate of the agenr, iim wlwn an 
amount of Ibe latter in cxccbb of tbe absorptive power 
of tiw wood ha» Imi'ii IuJccI.bI, the Biirplua will waste 
out after tlw wood baa left Ibe rvtort aud la. lowt A 
(xinaideralib. prcwiurc In the rel..rl. even n» high as aoo 
pnaii iier i«iuare Inch, may not at llrat alfeet the 
Mrongtb of Ibe fibers of tlw ».««! to nny 
extent, but It may Ib' tbe ciiubc of w'rt.nui i 
in after yvwra, 

.should tbe treatment be carried mil at ton low a I em 
iB'nilure, or for Ita) alxurt u la-rlod. only tlw sap or 
ll.pihl [airt n.-ur.-Bi the surface will Im' removed, and the 
since receiving the pre-ervatlve agent will iil< La. siliri- 
Ciaiductlin the o|»-rati<m at too high a temiK ru 
lure, or for to., long a |a'rlod, on tlw olbcr Hand, will 
I'.'BuH In the resinous lairllou of tlw billnlli-s of HIirllLr 
becoming aoftclied Bird the elasticity of tlw w<n»J beiug 
r«Bluce.l in a piN.poTflon corresponding to the d<B*reaBe In 
tbe coherence M Ibe librllbe. Acordlng to lb>- praetb-e 
of tlw .Norfolk CrcosotlnK ('.nutuiiiy. II. K_ A-, tlx. tem- 

l«'ralure lid never la- I.-bb than UN) .leg. Celll. (312 

.leg. Fahr.), or cx-ibbI IIMI .leg- Cent. ILIUi d.«. l'-»lir.l. 
Of the two |»is"ilik. inettiuda for (be removal of the 

Uultoalrahlc IB.rltiaiB .if the limller, evpiwure to cvirnTlla 

of dry air. and ..learning under pi-e«*iiiv. willi au afler- 
drylng In a vacuum, the latter U ris-ommcailcd ab the 
^■5.1 praelliL'. Although t Im- IllM iimIIi.bI would seem lo 
I,, the least llkidy to m.xlify ll.jurb.llsjy the phyBlnil 
atractllre the wiaal : In actual wortlng Ibis i, found 
mM i- I- Ibe in H-. H lib pn |s-r in u l| nhilk i . 
.U.,|.v-..l|..i., wltlxMit harnifiil ehaiite 
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I structure, can be uiwniplishcd iu twelve hour* 
lew by the lum-r prix-os, than Is ever jsissible with air 
4lrylti|L which, under the most luvorabk* circumstances, 
U a long drawn-out operation, ittiil. In tiny one*. cannot 
do mute Itjini extract tli* water from that isartlon of 
Ibr aaii which him hi it ye* reached the wmil-wjl i<l stage; 
I litis leaving In ||H! tissues tt tbc wood a very csirwldcr. 
■fata amount of resinous matter, which is-cuplca space 
Hull should be ready lu receive Uie preservative agent, 
The con»ci|Oenco iif thin In a failure of lb* oil to reach 
ititiity of [he [nlerlibrous lan-iugc*. which are either left 
cmply, or ure tilted with the geUitlmms part of the half 
matured growth evils lu w hich are to ha found the con- 
ditions I In, I inukc putrefaction possible, Ill order to 
nm » m live gap from wool, It in flm oots-sssry to 
II ami then t" briui! about such external clr- 



due to the Ui|»f of time since, mid the i 
■he tree wan felled: Ita possible subsequent ._ 
la water fur a longer or shorter time; the character of 
the aoil a lul the conditions under which tbc tree grew, 
whether In n dense forest or a comparatively open 
country : whether 11 U of a rapid ana growth, or of a 
*li)w, intermittent one. To an 
these conditions indicate In each ciuai tbc ] 
to be pursued, and failure to observe and to take tbeuj 
Into coiuddcruUojt U to tuvite Indifferent, uncertain, 
and, In the end, unaatUfnctury results. 

Of almost equal lmportanee la a pri>]Hrr understanding 
■ if the clrcumsta laces under which the Dubbed product 
In to lie used. Timber of piers, wharves, and other 
In tropical waters. 





CYLINOtR MOUSC 



Fig. 10, — Pressure 



cuitustaiuvs as to allow of III* oiitriow of all gaseous 
tualter from the interior of the wood. Tu vaporise the 
sup It U necessary to break down the walls of the cell* 
containing I be liquid and Uie seint liquid substances. 

I of a raolat I 

at aucb a pressure as to keep the temperature of lb* 
wissl. and Its surrounding atoiusiifacre. somewhat above 
the boiling point tif the sap. The maintenance of this 
condition for a few hours Is suld to be found to be guile 
suiticleut to break down tbc sap-cell tissue, and to 
that It la 

luilh U discontinued, and the temperature being main- 
I at. or slightly abore. the. vaporlxlng point of the 
the pressure of the atmosphere surrounding the 
within the retort la mduced below that of the 
: of the wood. The result of this condition would 
jverflow of vapor anil air. continuing until equl- 
i wax restored. Thbj eiiullibrium U prerented by 



the 

i of the afnratloti. At tbls stage the tissue is 
lu a stale very like llutt of a sisjnge cleared of hot 
water, every tsare U gaping oiicu and ready to receive 
the agent. 

To Insure success requires most careful allelltlon unit 
nent, and, of course, the provision of 
I suitable appliances. The attainment of a 
i or less perfect product demands the consideration 
of the following laoluts: the wide divergence in the 
rbararierUtica of timber; III* varying niuouiits of asp 



sury ill the harbors of more temperate diuialcs, which 
latter are In turn mure exacting than laiad and fresh 
water constructions. 
The. time required to treat any particular 




method of treatment of the wood. For 
full creosote process witb 10-pound treatment, the cycun 
Is as follows. ^teaming to 'JU pounds pressure, 30 min- 
utes; steauilng to JO pounds to .'to laiunds pressure, IE 
hours ,'U| minutes; blowing off, 10 mluutes; vacuum, -45 
minulnt; creosote ull to a pressure uf luu pounds per 
-Hiare Inch. 1 hour 3D lulnulea; forcing back solution. 
15 minutes; vacuum. 15 inluutcs; total. 7 hours. 

A simple Installation, with one creosotttig cylinder or 
retort and necessary ueceasorlea. constructed by the 
I'ower and Mining Machinery Cotnpnuy of Cudahy, 
Wis., Is shown in plan, and In longitudinal and trans 
vnrae sections in Fig. s. This plant comprises on* steel 
creosoliug cylinder or retort; u steel charging tank 
placed at a level above the retort, and also storage 




Fig. 11.— flpidex pailrrn retort door. Front and 



drawing; tie block and bolster cars for 
limber In and out of the retort: vacuum pumps and 
condensers for withdrawing tlie moisture, sap, and sur- 
plua preservative; general service or tank pumps for 
transferring the preservative lluld from the tanks to the 
retort; pressure pump for injecting tlie preservutlro 



the preservative, and for agitating the hot creosote oli; 
air compressor fiar blowing back the oil from the retort 
to the tanks, and for agitating and Impregnating pur- 
Isaacs; pumps for lire proleet ion ; feed pump* fur boilers; 
feed-water heaters, open and closed patterns, for pre- 
heating bolter feed work. Also necessary boilers, build- 
ings, hoisting engines, locomotives, generators, motors, 
requisite piping, valves, special linings, thermometers, 
direct and 
plying i 

Obviously, by multiplying the number of ! 
lug cylinders or retorta and aereaaorlea, the plant ma) 
be Increased to any desired ca|«city. 

Fig. 0 is a general plan, and Fig. 10 shows longi- 
tudinal and cross sections of a plant having a mulil 
pllcity of ImpregnalJ 

and erected by the Allla-Chalmers Company at 
villa, Texaa. 

The commercial sixes of the retorts made by the 
above company are na foilowa : 72 Inches diameter, aial 
74 Inches diameter by 42 feet, 52 feet, 108 feet, and 1.12 
font hi length; M Inches diameter by I0» feet, and 13i 

by IU feat. 



ami l.-«i feet lu length. The sbetbi of the retorts are 
made of ihc very best open hearth Ha use steel of thlck- 
imswes ranging from % Inch to 1 Inch, depending uiaiu 
the dlauaeter, working pressure, and preservative ugent 
used, some of Uie latter causing rapid deterioration of 




colls fur < 

The door of the retort la a 
For low pmsturcs the patterns recommended are, either 
a plain bolted one with slotted holes aud ordinary tee- 
head bolts; or wliat Is known as a "snider" door with 
center screw aud lever nut arranged so that each lever 
has ludctsiudcat cwnnuctloli with the frame, such as that 
lu Fig. 11. For high 




i are connected 
to the frame by a continuous flange ring, would be 
found suitable; or a solid cast steel bolted door Willi 
tisa-bead swing bolls, such as that shown In front aud 
side elevation In Fig. 12. can he used. All the putterua 
of door* should have a projecting clrcuiur aplgot on the 
door whkh corresponds with a clrcuiur groove lu the 
frame, so that u sound Joint can be formed by tho In 
serf Ion of a gasket lu the groove. This gasket la usu- 
ally made of asbestos ro|ie thoroughly dlpiwd and 
pululcd with a mixture of graphite and oil. The retort 
Is sometimes Otted with a door at each end. 

The opinion of operators ax to the best type of door 
varum, but It may be said that, in cases where time la 
an Important factor, the "spider" door la probably the 
best, aa It can be opened aud cloaed in about 2*4 min- 
utes, whereas the bolted doors occupy at least double 
that time. Tlie bolted doors, however, have leas parts, 
therefore they require leas maintenance than the 
'spider" doors. 

The practice In the rolled Mates, In III* case of what 
Is usually termed the -full-cell creosote process,- h. to 
employ a pressure of from loo pounds to 123 1 
square inch, the wood libera and cells of Ilea or i 
being Impregnated with from 0 pounds to 12 pounds of 
creosote oil per cubic foot, and piling with from 10 
pounds to 20 pounds per cubic foot. Sometimes the 
wood la subjected to a vacuum at tbc llnlsh to drain the 
surplus oil from the exterior of til* wood, aud thus to 
larevent loss by drlppage after the wood baa been re- 




C to 7 hours, fur aleepera ; for timber, I 
lng, the time occupied by the treatment Is 7 to 11 I 
and for piling, 12 to 24 hours. 

The open-tank hot or boiling creosotliig ] 
of two steeps a Week being made. The 
should be healed up to 113 deg Cent. (199.4 deg. Fahr.) 
for b to lu hours, to whole of the working day. and 
allowed to cool during lb* night. This operation la 
repeated next day. and when tint creosote oil la quite 
cool the timber can Is* extracted. 

Th« open-tank cold iirocess occupies from 9 to 1-H 
days, the Unto taken In absorbing the agent depending 
greatly upon Uie spe<-lrH of Umber being treated. In both 
of the above pron»sa.s especial care la necessary to see 

Of the open-lank method of 
preserving wood, Mr. Howe observes that sl**|*rs, and 
any wood that will make a good pavlug-block, must Ian 
well dried before It can be priapcrly lm|HTi'gnated by lids 
method, und this seems to lie the secret of success. Mr. 
Card, manager of Uie Chicago Tie and Timber Freserv- 

creoaotiug will undoubtedly produce gisad results If It is 
conflned to the treatnuol of blocks, shingles. Boat*, 
etc, or, lu oilier words small dimension liunU-r, and It 
will not lac successful In this case unless tlie utmost 
care Is taken in the seasoning of the lumber before 
Irculnieut. As regards the treatment of sleepers hj this 
method, he says that a loblolly iilne sleeper, provided 
It la thoroughly wsisoned. would pmliably absorb Ha- 
il of solution lu the least time, hut any 
of *loo|s-r tniiled .m II |*-n tank method 




steel bolted retort daor. 
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would iji kc- from two to three woeka to absorb the an 

I. 111..1II.I <>r •x.tull.m that Could l*e Injected under WO 
|a»und.i pnsaurc per *.|iinre inch Id -I hours' lime. 

/'Ac I '*rU*-tsaM'» l'm>M,liitff I'ritcft. A process fur 
crcoaotliig. lailetilcd >«>uie ).-4r>t ago In lh« I uit.il 
siatea t» w. ii. Curtis .u.1 J. Iiaacu. of s»d Francisco, 
cualMa In placing the charge of limber tu be treated In 
n retort ha. log v.-i.ta or ports to the atmosphere, 
Inlrodurtt.g luihclent nil of rreoaote to submerge tbe 
charge. itu«l tlicn luti I inif Ibe oil and timber to a tctu- 
perui.irc ila.vo ili*- tilling iH>lnt of Uic hup at ordinary 
niiu-nphcrtc preamre. by which IC Ib claimed that Ihe 
wip la expelled from ilii- wood. The porta or SMita are 
Ihen cloaod, nu.t the oil la forced under prcsaure lulu 
Ibe pore* of lire wood (o Hike Hi* plan of the evapo- 
rated nap. 

The Ruzpinff /'roec-M.- Ilrierly, thin process, which la 
chiefly uaed with oil uf rtw-ilL' an «» agent, coledala In 
forcing cutuprcaied nlr ul a pneaaure »f from Ml ja.iw.ls 
to lllo poonibt |«t square Inch Into tbe pore» or eclln of 
rli> w.anl i jir.>Tl..it.Jj either ulraenaoood or aleunied In 
» retort I. anil, ut 11 higher pre*aAire, creosote oil, witb- 

The retort 1* filled wllh oil by aueuDs of au equaliz- 
ing reaervolr or pump, no an to arolil retraudag tlx ulr 
preaaure. The oil pre-ewire ttiua aiurted at from MO 
IMwmln to 100 pouuda per annate Inch la then gradually 
Increased to about 1.10 rsviiiida per square Inch, com- 
lirraiiu tbe nlr that baa boon forced Into toe cells or 
|a.rc* of like wood Into a smaller volume, and allowing 
from alamt 10 ii>iiuda to 12. la.ucaU of creusute oil per 
cubic fool to enter the wood. 

I'pon relieving tbe combined air and oil pressure, and 
.Ir.Ii.Iim; tbe oil from the retort, u vnouam. or ratAer a 
lairtlinl vanniui, l* peduoed therein, which pannlta tbe 
i.lr In. 'I.Kird In Die cells or porea of Hie wood to expand 
.mil r..roc out the aurplua oil fn«n Ibe wood libera, leav- 
ing tbe latter Impregnated, arronllDg to aome anthort* 
tie*, with from i pouuilf. lo « pounds of rr»oiio«« per 
nil.!.' f<>iit, ami. iii^ordlnic to othem, with aa Utile aa 
•J 2 lamtnlH iwr fllWc foot. 

'Hila pnareaa la claimed to l»e e«ptrlally adapted for 
the treatincot <if II.-" or aleet^'ra- Tile I hue otrupied ill 
trenlilii,' Hlta'lx-ris onilithic atoamlnit la about 4Vj boura, 
or. lurlu'liuif ateamlnit. «V 2 lo Mi lionra. The time 
orcnplad In currylujc ui»' U* - ''■Vanciit Ktacea of tbe 
prowa*. «nlhX .aillaltllui: '•>)lovin: Air to 

ferrllu: creowite oil. 20 i.-. .-.•.~i1e oil to l."a> 

Im.iiimU pr.wnre ]aY aiiuu .r -h. I hour 30 kulnul.*a : 
jnalnlalullij; 150 Ik.mula pr.-^urv i«*r atiuare lu.'h, 13 
railiulea: forclllic back ci^hihoIc oil. *JI tnloiltea; vartium, 
1 h.«ir; DiulntaluiuK vacuum, 13 niluute*. : dratnliiK, lo 
iulniil«*>: total tlirn- occiipiisl, I boura 'At iniuntea. 

The lluvplUit prurvaa baa been pJ.leul.il In fireat 
llrllaln. i^rmnuy. and tbe 1'nlted statea. It wa« prl- 
mailly ileviwal with the object of reducing Ibe c.wt of 
creuaotlng by prev.'lltlnu the benvy bats ooraaLooed lij 
(Irii^tlci: lu tbe wooil treliled I.y tb* onllonry pn>ee»«. 

Mowra. lcirburd Wuile. Son* & IV. ..f Hull, are con- 
•>~eloiiera tor ibe Itinpiiu: iitama In the l ulled King- 

tl.i. working of tl»- plant. In till, eunniry. the writer 
uialeratalida, the ..vim I priutkai la lo force tbe cu> 
prevan] air llllo tile w«al ut n i.rraaure of ubout M 
[M.uDda per ai|uare ludi. 

7'Ae l.wrry JTocn. — In live Ijxvrj proceaa the aeo- 
•aaicd v>.m»1 l« pliiiaal In 111.- retort au.l aubiuercial III 
rreoaote oil, frolu ll> |a.lllala I.. 1^ |«.uli.U or wlllcb, per 
c-lllil<- foot of wiaal. I* f..r«al ill at a plvaaurv of about 
IMI |v,i>ruU per *i|iuire Inch, ao in to aaturilte tbe pt.rea 
ihhI cella. 'lti* tet..rl Im tlien drained, ami a qukk 
vuciium prodn<>^ and itiaininliie<l fn.in I to 
leaving tbe woial llla.-ra llaally linpreicuatnl with 
4 IKKlUda lo tl iHKin.ln of oil per ruble foot. 

Tht* proceaa layhlelly llit^ided for tile Irentment of 
aka-i^ra, ami the lime «vu).k«l It. Ibe ImpreglMlb'li "f 
tl. .. roughly air arawii.. .! wood la from t lu <1 boura. Tbe 
.1,-tr.ila of tbe pr.al'vA are: rr.aa-«.te t>ll, '1 lomrs; drain 
Iti^ cd--m,.|i. ..(L from rei,,rl. 10 mlnutea; vncniuu. - 
li'iurs; 4lntlulii^. 1o u.lt.ut.-a; total. 4 hour* 'JO mlnill.'a. 

Til- :iverui;e t. l..|» 1:11 11T» of liullt .■na.setc oil during Hie 

tiyaluuiil \h 77 il-i:. C.i.l, 1171. rteg. Kahr.l, and of 
lo-ov) rreoaote oil >- .leg. t'elll. I I **' * .leg Kahr. l. 

Tttr /in*- c^r.i-..t, o. J.'ufyrr t'ti/tr**. -Aiy-orillng to 

II. U |,r.«>-i!.. V.I.I.1I ;i|rta':ll> to lOIVC laH-n llr«l ll.tro 

du.-.il III lornuili) I .) .Iiillu- KiltfcVf In 'be .Veiir 1^7^. 
tin- a.mmI, :ir-t tilt s.-n»..iN-.l. or ,-loaiiMal In a retort 

prof. -lal.li- I. .Iti -to r.-.l.i j|..lurp and «|el the au|>. 

l« aul.jia'lei] to .. viieimin for I hour 'Hie ret. .It la tl 

It;i.-I will, a I. iu.iM-1. foruie.l of la.utul of dry 

yl.u', fr-ilr. I ". t-i 4 |-HU1>I> of nil of rT.-.rtote [a-r .'Utile 
f...-i "f llmla-r lo-ii.c lniit.«l rren-ur.- I» ncvi a|.|.ll.-.l 
l-v tonk,!.' In a.l.lill'.i.al ciiiiilal..u at a itri'v-itre of be- 
tnr.-fi l*ai ptnuida ii rial l.Vi t".umU l**r ?»juiire inch, after 
v. Iil. ii ilu- retort la drained and a vocutitu pr.aluee<l and 
tuiili.miDed for about Va hour, to draw out Ule aurplua 
etpnl-liMl from 11.- elfertor of the wood, and ao preieut 



loot aa in the proee*a i>rerloit"ly de*eTlhed - by drip- 
ping after Ibe wood la removed from the retort. 

It should la* uolial that It la iterraaury rllller to ein- 
j-Joy a ajieelal oil, or to keep the emulaton In a eonatunt 
elate of aglltilion during lite o|ieratioii. lo order to pre- 
vent a aetuirallon of Ibe line and Uie creoaote oil. Tbe 
rrqalalte agitation la llauiilly effected I.y a eenlrlfugal 
iwnip, which drawa the ..tniiMou from the t..p of tbe 
retort, and dlarharci-a II Into the bo4l.«i through a 
perforated |j4|itt. 

Thla proroiu, which la llkewiao Intended prlurlnnlly 
for the treatment of aleoia-ra, rciulmt for tbe latter. 
luelu.lliiK ateamlng. from 0 to II boura. 'Ihe full detaUa 
or Hie treatment are: Steaming to at pournte preaaum 
(a-r a.|iiare Inch. .'Ill mluulea; aleuinbtz to 30 puunda to 
.1.1 pitunda |«reaaure |a>r aipure Ineb, ^ lioura ^1 mlnutra. ; 
l.lon-lng off afeiim. 1" Mlnutpa ; vncuuut, I boor; einul- 
rdoii lo l-i) ptrtimla lareaaure |a?r v-juare Inch. 1 hour, 
lualutitli.liig ll!0 lajiiuda pn^eure [«t Aiutire Inch. 1 hour 



:hj inlnutt-a: 



ick .alt, IS 
1.1 minute; total, h 
utea. The Moainliig tliae la frequently reduced by 2 
boura. in which caac the lime occupied would la- 8 boura 
mllllltea. 

The alati-e prooea* la (MnuellioeM, eapeclnlly Id the 
l ulled Statea, kiu.wn aa the Card proceaa, from Mr. J. 
1). Card, who bin Introduced « ven.l ImprovianeDta In 



The i/ct«rr-lai«laa Trvr'aa. — The womL aeaaoned or 
aleumed or laith. la placed la u ri^tort which la then 
eloaed. and a vacuum pniu|«-d for about I hour, tbe ftolu- 
tl.4) belug then adiultletl with the racuuen Mill on. The 
aolulh.o conalata of 1.5 ia-r cent of copper aulphate 
(CnSO, -l-ftll.Ol. UL.", ,» r cent aohitton of aluminium 
aulphaie i.ll r 1,s«,v, and ia.lnx.lutn sulphate (K,80,l lu 
l*ru|a.rllon lu iiceonlance nltb Ibe eobdlllon of the tbn 
brr. When tlie rrlort la about llll.il. the main ralre Ualiut 
and live Meant la ttirned Into Hm> solution, through which 
It la distributed by n |a?rfonited pl|a?, beating Ibe aolu- 
lion to from lis deg. Cenl. to 13H.6 deg. OcuL |2«5 deg. 
Fahr. to 2*1 ileg. I'ahr.l. nnd giving a gage prnoaire of 
alamt sr. pnunda ra r a.|iiare ha-h, The wood Ii kept In 
thla boiling aolutloti for from 2 to 3 hours, when Ibe 
latter la drained off Into u sclorugi- tank, or la trans- 
ferred to anoihor retort. 

Tlte main factor In the aucceaa of 1 1 .In pruceae la Ibe 
pri^aT proportioning of the varinua lugredleiita in tbe 
lo anlt the kind of w.aal to U- treated. 
The plaut naial for the hn met tiling proceaa can be 
iia.il for till* pr.a-vHH, ettra ttiuki f.* holdkiuj the solu- 
tion mid tank* for mining the chriulcul* liclng, however. 
nipillTwl, a» well n» amue illgltt minor allertittona In 
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Determination of Refractive Iadex of • 
Liquid 

Tilt: following aluiple meHi.aJ of Miidlog the refractive 
Index ..f a H<|iild uiallable In auiall <|uanlHlei> may be 
of Inleri-sl. It U given by <i. *>'. Ilogrifl IJI Salure. 

A plane mirror, I, la i.lnce.1 .«. the laiae of Ibe aland, 
and on It I, put ibe double covex lei.a lu *uch a noil- 




.-in.pl. 



Il.^i tlu.1 ll> <i-til.T li tieneiilh tbe tieclle |i..|nt it, With 
IF... dttei-tly ali-ve /(. tlx- otN-rver udjaita tike ill.l- 
hig arm until Ibe lui-dl- point ai.d tta Image Ju*t eMu- 
elde. u» found by iHiriillllx. Tbe dlrlai.ee from H lo the 
c-ui.-r of Ihe Icna I* then accurately foand— let It bo f,- 
Tbe ejn-rtmetit la Ihen rei.cnt.il. after Aral plaelug a 
dn.|. «f the ILpilil main the mirror, when II will be 



aprcud out to a plano-cnnvex lena between the glaaa ' na 
and the mirror— let tbe new focal distance be /, ; Ihen 
evidently Hie focal length / of the liquid lena will be 
given by Ml \!U Ml,- 

I im aliwv the focal length of \hv liquid lens la alao 
given I.y the reluil.^i I./ <»~ Ulr. where r la the 
radlua of curvature of Ibe aurfaen Df the glaaa lena, 
U U evident that from n kuowleilgp of r the Index uf 
rcfractlou of ihe liquid can be at once found. 

If e la not known. It can be found by patting a aneet 
of |.u|a_T between the lena and mirror, and again ob- 
tainiuc an Image «f R coincident with Itaelf by reflee- 
11.. i. In the lower surface of tbe leiev If thla new dl»- 
laoce from the letia be called if. we bare, since refine 
tjoit U now only at the iififier aorface of the lena. ^/r — 
1/rf — I a - - 1 1/ — r, or r ^ l ^a — 1 1 *l, where a now. 
of courac. refera to Ibe glaai. and can, If lieceutttry, be 
ealcuuted. 

The apparillua l.i tluia cnm|>lotr In llaolf, and three 
of the iwdtioiw of » give all the da 



Rednood Sa»d.tsl is being uaed by vineyardbrta In 
California for laieklikg fmab table grata**. It takes 
the place of the. ground cork used for lm|a-rted Kpanlati 



There are About Thliiy-i 

l.'ultial Stales, of which twer.ty-llve are 1 
and twelve Kaateru. 



to tbe 



Wg wlah to call atleullon to the fact that we are in a 



of patent or trade mark work. Our staff Is . 
of mechanUval, electrical and chemical ex|a<rta, thor- 
oughly trained to prepare and proaerulc all laitent u|>- 
plicalloika, IrreapecLlve of Ibe complex nature of tbe 
alihject matter Involved, or of tbe siaM-tallacil, t 
or adeutlllc kaowleilge naiulred thcreror. 
Wo alao have aaaoclntea thrwigliout tb 

In the pro«iullon of laitent and trade-mark ap- 
forclgu lo 
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The Diesel Engine* 

Its Principles of Operation. Applications and Possibilities 



Thk development nf the internal conihu»tion engine 
ban maiic Ircimtnloiis hiH.J.— in the last few year*. This 
In especially true of one type in particular, IM DrOMl 
engine. 

Tin* unparallclcsl progn-ss of this prime mover, due 
primarily Ui the . -xpirntion of the basic Diesel |>atctits, 
hu rrcatssl * wave i if enthusiasm the crest of which 
swept over thin country only n short time ago. To the 
careful .dmorver, however, signs uf an ebbing of this win.. 



hoi rliAl tin- oil di~charg.nl into it will ignite, and burn. 

Mrote .1. I T ln H w A— or «"t. At the Isgliuung ..I 
thin .troU. when tit.. crank i» »" d.*d center, the fw-l 
valvi u|wn« anil the fuel oliargc >4 oil »* sprayed into tlx' 
air uf the cylinder by a jet of air separately enm- 
by a small <-Hiipressor. The s|>ruying extends 
over IS pt-r cent of the working stroke nf the piston, anil 
the ■wnbustion is gradual, tin- r.-*uliing 
MM anil sustained, and Ml e«pli.jv». 




Sfctiaiuil lie. of a Die-el oil 



i.iri. healthy views 
■ application <« the 

to marine work, o-Jw. ndly to vessel- of crtslt) classes, 
has been 1-Mp.viully iHitieeulite. anil tin- marine interest* 
• it the country huve l-s-n watching closely the work of 
the Diesel engineer*, other applications of the engine, 
are eanunon. anil the Diesel engine of to-day is upl to 
!«■ found in almost any line of work. 

In spite of the faet that the name Diesel has spread 
over the world, hut f. w .>u.n>.s.r» in li. Id- other lliiiti 
combustion ejigiiMs.ring have mr taken the time to 
thisroiighly study the movement of the engine and lo 
learn of lis proved practical application and use to tile 



i t. Erhiw.ti*!- When 
lomcr or outer end of the eyliwhr 
valve in 
travels up 
blistioli. 



the piston i 
on stroke.'!, t 



Owing to the steady 
of vibration. 

to the .moll 




Carel'ii. sl>c was cApniik of doing something over » 
knots. The handling «t the mpiM was very smart; 
Ibey w.rc nv.r-.-t from full ahead lo actually running 
astern in from 9 to 10 otsconds, and thin without any 
haste: in fv-t, with intentional dclils-ration. It was 
sta'.sl that the reversal had actually Iw. n completed III 
the remarkahh- time of II ms-oiids. Oliucrvatl.H-in sliow.-t 
that it only took about :i n.s-on.ln from tlw ringing of the 
Iclcgnipll lill llie engine >u im I unlly runninR aheail. the 
|eaf In-ing iilrt-udy in t hi- alnad isisilion. l"mt.-t of this 
'-liaractcr have Inn-n built for mannc mtiih. up to about 
2,<HK> horse-power single-acting type. The double-acting 
ty|M-s art. a* yet but in the experimental fctiufc. 
khtabukiii-D rori lvhiti < r Tin: -mm.i, iiik-i:i. km. ink. 

Tlw- small and m«diuni Diiwl encine in *mn of 4<l or 
rji hor-- |«i». r in ninitle^-yllndfr unit*, up to about tin) 
home-power In four-i ylinder unit., plays a vastly nwre 
imisirtunt fuirt in the commercial a.irld; it has im- 
qui-stiotialily come to stay, and has n-oehr^l a high ihtrn^' 
of ptltfeeti.m which place* it right in line with the eorre- 
■HIHGnK sioini or gas engine plant a- far as reliability 
and cvi-t uf operation ore conceriie^l, and far ahead of 
its competitor* when e«nsid-red fnjm the standpoint of 
fuel economy, It is amazing lo note how many manu- 
facttirers of gu.- and steam engiues have taken up tbe 
mauufaj-ture of lbe»-l engines, twain*, tlu-y found that 
the sale i>f swtn,n-gas pnslwer plants and -mailer steam 
engjuc- lu.s fallen off alarmingly within tl», last few years. 

The rta*on i- plain: Tb.. single-wling four-cycle, single 
or multi-cylinder IW-I engine, but issrtieularly tin? 
lortu.T. i- comparatively simple in const nation and 
ois-mtivti. It does not nspjin- urxkisp and nttenujuim 
of Iwilers or gas producers, and its co^t comtuircd with 
that of su-am or gas plant is n-asonahh-. It can lw 
in the hassments of buildings In-low ots-upitsl 
tine of the groate-t advulllages, however, in 

ftlel <sinsumplion irf l>i.-el 

js-riorls of o|M-ration does not 
mulenully .\<»ssl tlw guaranl.s-sl figures, whines iu 
gas-proilueer and steutu plants this excess is quite con- 
siderable. In a Diesel |>uuit the human eleniest rlie 
skill of the operator— lias much less MhM BPOM the 
furl is-umimy Uian in a steam or iirodin-er-gas plant, 
where everything dcpcniU upon the efllcieucy and in- 
telligence of fireman and produce uUeinlalil, 

llu ats'ount of its low eii-1 and great simplicity and 
variety of fuels which can Iw utilind. toe engines on- 
Ixing u-«->J and Installed Tor various purposes; for in- 
stall^-: For power transmissions, for t 
for lighting fa..torics, sanatoria, ofl*M- 
nu-nt slores, for clivlrical wiirks, e(e. 

LaVtflly, tlu-y nan- Iss-n appli.sl to th- pruduetion <rf 
new nud additional *spji|imcnt is found 
It hat been found that this engine can M 
nuLintaintsI as a reserve for relieving 
the original units of tbe peaks im! tbe load and for llke 
punioam 

The eflleieney of this type, of engine and its actual 
eliAraetcnMii-s may Is. readily obtained from the results 
obtained from an aetual u^l on a typical Diesel cngino 

hy A. C. 

Scott. l'h.D..«l t 
Texas, on a 2 

data and curv.* have Iws-n < 




The purpotc of this article is. thensTope, to prs^ent to 
the general engineer and the growing -Indent an iih-n 
of what tbe Diesel engine is, ulld to -lion in what II. hi- 
de- greater possibilities uf the engine lie. 

This type isT engine may he di'flned in a few word- an 
follows: 

An internal .-ombu.tion engine which lakes it- fuel 
ennh , low.>l grade of fuel oil, or the residues from oil 
n lining into tlw evlinders, raw. without any |trcvious 
trounforming. and there converts it into energy, exerting 
that energy dinelly nu tbe crunkshuft through prc«ur.. 
on the piston head, without any interne diancn, produiBf 
the simplest, most direct and eeoneimical ofn-ratiou. 
raixeirui or orcnsTioH. 

Tlisi cycle of o|n ration of the DhwI engine operating 
on th. "four-stroko-rycl.." oompnung tho Dispel igniti<in- 
coiniirawion in an follows: 

Slr-tt I. ,W«i«i»«. Pislun travels down or nnt, 
allowing cylinder to IUI with pure, fresh air from the 
inlet valves. 

Afn>Jte S. Cawaprrssion. I*l»lon travels up or in m- 

pn-suing air in cylinder. Compression beats the air so 
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has Ins-omc an almin,t ideal engine for marine work w In re 
oil may 1m. hud at tiuminol prices. An idru of the east- 
with which a Dn-.il engine may be controlled, may be 
had from fa|H'rimcni* run with the llntish m<nivc sliip 
•'Kavent.ine " This vc»cl is a ship of sUIIO t. ns dis- 
pinrs'incnt ne. utly built by Sir Itaylton Dixon « i mpun v , 

Lid. The "JKl liorse-|-i». r Diesel engine was largely 

built and insudlssl by IlielianxMH, Wcnigarth « t o., 
Ltd.. of llarthpisil under the sup. rvi-ion uf 



excellent id. a of the appll.-ul.ilil> of lilt* engine to the 
generating of power. 

The engine built for the Hugo, < Iklu , [m 3t Light t'ont- 
|«ny. by the liuseli^Milier Bros., Diesel Company. ..|n r- 
aus nn the four-stroke cycle "Diesel" principle. It is „ 
v. rti.-iil thiv»>--ylind<'r unit, rat.sl at 22."> net It. II P.. 
wiih allowance for [njwer iieeswaary U> drive aiixiLiarU«. 
It la directly eonu.st«d 1.. a Fort Wayne 2u» h, V. A. 

. ilxty-evcle. •.'.aOO-voll gt rnTalorof 104 revo- 
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lutioim pef minute. Tbr uuxUtarieM e<i,n»Ul <»f QQB U<lt 
driver, threes ta»fe air eom|wv*«or; on* motor for dri.ing 
'l r t Kor«r<-powfT; and MM exi-iu^, 10 kilowatt. 



ii'iu: hI itfiirlinalk lialf load, the furl eon>Mnu-d mm (I. IHJ 
jKMiml |Mf IV H. f* fauitr. or al-wl IS.K pulton n per hun- 
dred ii.-t H. H. P. hnura. At quarter load, th* engimi 
>.H jraUoiw of mI per hundred Ml H. H. R 



A.-«AI.1H»> OT IXHAI »*T i.UU* 



In many cum*, the air com|<mt*ir* for the mart ink' and 
iujeetiun air for Dieuel eurine* are belted fn>m the erank> 
xh&ft irf the engine; or when thf oomprtMnor in motor 
driven, the power u supplied from the gtwratrir. During 
thine jwriiw of t«tW. the power fur eomiwvwor w&h fur- 
iumImmI from an WUidfi mtume. Therefor*, ill order to 
obtain Ui* net available power (.evoloped by the enjrine, 
readings w.>r»» taken of th*» power eun*uu.pl.»n of tbu 
motor driving; the eompr-«»or and a dedueUou made 
from the kilowatt output of the generator. No alloir- 
anne wan nu,l, for th» rffleieuey of the motor; m> tliat 
with the *.n»|*.«-*ur MM to Hit en* me nba/t. Uw fuel 
wmsuinption per B. M. P. hour would ha>« been lw» than 
ibown in the remits irivitL 

f u<f OU t'ntii. To ohtain the* amount of fur. nil rorv- 
*unw<d by th* engine, it wax only nwiwary to weigh the, 
oil f*d to tJn> fuel pump, where tlte amount trf oil actually 
cylinder* to auloinatirally « 



A'rnari-iY fTa* .VumpiVi. Several exhaust pa* Kample* 
wrrr* taken while tmU wen* rarried on. Under normal 
running condition*), water in turned into exhaust valve 
nhaml***, thi* water pa**ii.>r off into the aliiosphrre an 
vapor, with the ex!iau*t tin*. I«it whenever a *amp.r of 
exhaust fjM wa* taken, great rare *a* exervbed to shut 
off the water from the exhaust valve oliamlwrn, and 
luunplc wan not taken until HufGeieiit time bad ela|wed 
to insure a dry exhaust 'Hie analyses of then* gat*<4 
wen- made by Dm. Harper and Bailey, of the IJiuvenuty 
of Texas SebiKjl of C*ma&*tf t Austin. Texas, and aro 
remarkable in that every one of the sample* taken, one 
of eaeh of the sue test*, shown that there were absolutely 
no illumtnanta, no earbon monoxide, no hydrogen, to be 
found in name, thu* indurating an absolutely perforf win 
hunt ion of the fuel oil. 

The analyse* of theae «ample« of exhaust eiw* are 
given In the third rolumn: 
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by tho governor, and v&rwd orwirdiiiK to load rrquin^ 
menu. For vuighiiig tbu ail a l.VgulUm tank and j>lut- 
f«»m scale wwo u«od, and n,a<lmK« »«• lakea nl MB 
niinui« iolvrvaU. A funmil nf »ufll«nm «,tn«-i»y wiw 
iiuUUed In order Ibat a Mn&ll amount uf i>il mixlit Iw 
■turrd abvad of tbp pivcrnor, ui 
liruprrly re-ttlli-d with oil. 

The o> u»ed for tbw t«ta « 
• took in ordinarj- uw? In tlm — 1*~ by tbr Hugo lis- & 
Light Company. Sampfe-a of oil *«tl' takra pttriodi<'Ally, 
and tbn aoiklynii made upon tbi* u>tol qoriImim^I wanpl^. 
Tin- aiudy<» of thr furl nil, madr by f)r». H. W. llar|»T 
and J. K. IVailiy. at th>» ahamiiul lnl»irat<ir> nf tfw 
Univrrrity of T» «a». in given Mem. 

«S^«r^ ill W c-.-i , 



It 2 IHf rtml. 




It will Iw nn(««l (hat in BOBOfl instanro* tbrm appoan 
to |« an ioii'mm of oxygvti, whU h i» duo to th» mm of 
air iiKin'iuinc as thv quantity of furl to Iw burnrd 
<limilaibrt. 

(Winjf H'ii/«t I'ted. Tim quantity of I'uotliu; water 
u -"l during thiw wtries of tontj) was accurately mcaisun-d 
by a water meter, tvtad at Irt-minute intervals, and an 
for each 3-hour twl. The temnrraturc of 
both inlet and outlet water wan td«> m«1 at lO-minuto 
interval*, and from this was oblailH^l tile total bent 
earned away by the cooling water. From Uiew llgures 
a curve '.r-ig. 1) was plottoil, slLowing Ibc British tbermnl 
units carrUsI away in the cooling vat.T per H. H. V. hour. 

The p.Hnt> plotuj "IJ the above curve were obtained 
by taking an avcrag* of the actual kilowatt output of 
at Ibc Isvinninit and end of the I.Vminnte 
which is snbtractiit the average kilowatt 
motor driving compressor over llie »anio p*'riod, 
so that Iutc again it would have been possible to show 
brtur results if tho comjHNisaor were belted to the engine 
sliaft. The purpow of lhe*e ttuts was to ib^crminc what 
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eflicieney might 1m» cupis-lasl under on 
dillons. as comparts! with constant 
steady limit. It w,ll bp noted that this r 
in many ways to Ibc fuel iitnHumplion curve for steady 
loads, in that there is little change in the fuel consumed 
per kilowntt hour, between half and full toad rating of 
tbc engine. The figures given on the curve arc tbe rustl- 
ing* as taken from switchlxiard meters, while points are 
plotted afu* doduetion for tbe motor has brai mu<l". 



The rrco>er> of tin front tjn.plata waste has become 
quite an Industry. Tticre lire three general metbisls of 
siqiartltlng the Itn nicrliaiilejil, chemical, and elcrtro- 
l>llc Tile mis-t hulmrtillit of tllcMi methods Is tbc last. 
Tbe electrolyte ctnployiil Is usually twit eiiustU' soda; 
liKj*rucd chliw of tiu-pliite locked In wire iMsket* act 
us amsles, wlille tbc Iron bnlh walls or Iron plntee *us- 
ImmhIciI tberetn act ns cath^sles. The average trualuu Is 
sold to Is* 1.5 volts. When «piMirat4*l tbc Uu Is sismd 
form. Other methods of eleclroljllc de-lllllllng are 111 

In snkl offer great advantage* over tbe add method* 
formerly used, awl « clilorlite metlusl np|>llisl by Ijun 
Isittlc of Itruwls: this Is the wsl eltelislvely ll>ed. 
Tbe piiuctiuil ns|ulremciits for the successful s|i|>liai. 
tlou of It lire absolute evclusloo of uiulslitre durtug Ibc 
imsi"M .if de-lliitiing, the aviiiibincv* of sn unduly blirb 
, iiimI |«n.|sT nusllllig of llie i 



Rverything in a new pigsty outside Handera, Pen 

murk, which lias Ivio Morlc*, iiihI ios*it4iiiiiisUtes l.rsNI 
illillilals. Is worked by electricity. There arc railway 
lines nil over Ibc sty. and only Ihri-e iiwii are nis.sli'd to 
do the work, which Ineloiles grinding .-..ni niwl fetching 
milk. fisMlsluffs. iiih! young |>lg» from ] 



The cort of tin* oil was $1.22 r 
delivered; or prwlieaily 2.« cisots |s-r t 

The inatruincnls usesl in making the tests were all 
calibrated before using and due correctMiu* made in the 
figures obtained. A water rheostat was found entirely 
satisfactory for the adjustment of all IimoIs. 

Tests. Six U«ts. ejveh («T thns; hours duration, were 
maflVc with load changed for each hour periml as follows: 

Trsis N« 1 ? » « * 0 

Not Brake llone-pascsr . 3 26 4»7 III so MUf 21U03 NIM 

fmi CMtumfXivn. The fuel oonsumption for Iheue 
various loads was in eur-h instates' obtulueil from an 
average of tbu nwlings taken at ten minub! intervuls 
on llie generator and the motor, and the rceonls of oil 
usi-d also taken every ten minutm. Fig. I is a curve 
showing in pounds the fuel oil coawanud i»t m t It. II. P. 
hour at Uie various IomIs. Tist No. 1 is not included in 
this curve, as same is practically a no-load teat. 

This cuno was plotted by taking the average mailings 
of kilowatt output of the gwneator at the swiu-hlawnl. 
eoerecled for Ibc previously a»vrtallrisl gi'nerat<ir efll- 
eismcy at tho given kind. From tins wns nulitrui led the 
actual kilowatt in-put to the motor and tbe resulting 

figure redu 1 to II. II. 1*. It will Iw noted from the 

ttlsnve curve, that the consumption of oil psT li. If. i . 
hour increases l«lt very littb' when output is di-creasisl 
front full load to at-.ui half loud. At full load, the furl 
consumed was 0.441 |N,iiud per 11. II. P. hour, or alsmt 
02 fUoa* per hundred net U. H. H. I 
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View of the undeveloped Schmoelc tract to which the Doyle board proline* to apply it* plan of development for the extension of the Norfolk navy yard. 
Thla tract U two hundred and aeventy-lwo arret in extent, h* about a mile long and about three quartern of a anile wide. To the right of the picture in 
sho*n a part of the preaent navy yard. 



Proposed Enlargement of the Norfolk Navy Yard 

Creating a Great Central Naval Station for Outfitting, Building, and Repairs 



The Naval Affair* t'oumitttcc tu Congress now Iuik 
btHm It ftPt riKiihUU-ratlnik ttM< plan of the I>oylo Ihiarii 
for the Improvement of the Norfolk navy yard. Tlda 
Irlitn, which wiih coi»ceivcd by Civil Engineer I. M Cux. 
l\ S. N.. after three year* nf elosc application and 
study, provide* the most auitiltluiut *y*tciu of drydock*, 
building way*, moling e<p]l|imcut, and oilier handling 
Machinery for naval Vessels that hi- ever *tig- 
fpnted in tliit omuiry. 

The ptim is purely suggestive It gives lu a graphic 
outline, with ii-ustilrnil.lt' attention to ilctntl, an Idea 
of what can in- thiiM 1 at tin* Norfolk station If the Navy 
iN'partmeiit ami Cntres* will agree upon a consistent 
plan of development to extend over a period irf fruiu 
tlve to tin year* with an appropriation of about fl.V 
Ml scattered through thin i« n.«l 

Those who oniu[Mincd the t*uyle board are enthusiastic 
over I be iit nti. uim! have Issued an extensive report to 



the Secretary of the Navy with drawings nmt blue- 
print* covering the prujeet In detail, *ln»wlug facts ami 
llgnres pertaining tu the cu«HtnMloii from vlewjmhiti* 
of lalHir. cms l uf iinilerinl. trniMiiortaf hm. manufacture, 
nuil maintenance. 

The central *tl*J-***'t of latere** Is the drydock am! the 

Dojrta hotid h»« applied n - in -in.- of iim-k building 

that IUh In nicely with (he i<uur*e of the Dlxahcth 
Itlver. being parallel with the »trenm ami uim ii at both 
end*. <i)utp|Mil no tluit etibcuukx may Is* plaeisl at Inter- 

v :* t - hi riu 1.. ii.--- iii » I. •■■ tin- si/.-- i f i hi- i ■■■<-»■ I 

to be docked, tbtin reducing to a minimum the amount 
of |wiu|dng or |M*rulttiiig the use of tin- d<s-k tut srv- 
eral viwU without hindering the work mi rh.^. pot 
n ...:> to l *■ floated. 

The new type uf dock bus Ihmmi tried nbn«d with 
success. If It lie Introduced here, It will ltc the only 
one of Its kind on the Western continent. Actna/dlng 



tu the estimate math*. It lx to tu/4 f.'t^.*iii.(NMi: tn to he 
•2J~4*t fi»-i In Imgth RH ! and will provide m|«iv for 
diM -kilig two m.1iI|m nf Die IVaiisylvanla iHine at tlM' 
same time. The huanl has also recommended am4her 
llgjdoidl (Itada tu rod 9lMNfc0W), nhkh will eunbh* 
the dm-klug of two more nhl|c(. giving a cotnplete dock- 
ing fnt-lllty of four dnndtiuiigtits at oia> time. It L* 
(miIiiIihI out. hnwerer, that lite hccimiiI dOttl 1h purHy 
'■fdhMial ami may or way not In- bolt I ; but tlw Umnl 
liMllfMtcff ipilte cleurly tluit It will tie coai|Hiratlvety 
t>i»,v t*i ciiiattnirt r In- juldltluiiat ib>-k If condltlona arise 
lu mpitre it. 

The biaird <\<n^ n.it want to U« iiiKlrndootl tin reitan* 
mendtigr Uie lmme<llate undiTtakiiig of all tbU work. 
On Hm> cuiitrary It nabiults a plan ax representing Its 
•i[, n of the ultimate roniilreaMMiU. Ah to currying 
mit the work It make* tike fotluwlng Hiiggesllocm : 

"First yiiir, U-glu the <xitislrt»ctiti«i uf utw drydis-k. 




'I bo. la the proimncd de>clopment of the Norfolk navy yard .»- outlined by the l>o>l<< lukard. The plan coiNprUes an imntensr coaling plant (on left), a 
doable-end drydock. building waya, berthing aecom medal loan for Iwrnly-one tirpd-claan battleships, and a complete ayatem of shops, foundries, and storage 
buildings. The plaa is suggested for the Srhmoele Irad »hich lies south of the present navy yard. Part of the present yurd is ahown an the right nf pictnre. 
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and MM hiilldliu; way*; the drydin-fc tit lw- L3H feet fa> 
*Mv length Willi u tenijHjrary tiudiorr end. Till* would 
require ■bout two ur three year* It i>*mph*fe. 

•'Heemid year. Iwcin the oou-driwlbm of nhl|» fitter 
»Im»|>. |itnto. itii'l angle Htorage ■ml tx-iidlug *lnb. 

•Third )xnr. mi new work, 

"Fourth yrnr. Iwgln dredging and *en wall aim] mrry 
It ii» <'imi|iiftltiii cm aimuul entiniale of approximately 
le-jimmm 

"Tlir other Mi>rk hereinafter iix-nttmied *hoiihl bo left 
entirely In future devrhiinm iit " 

Him* of Ibe nuv4 hti|H>rfai>t feature* In the report 1h 
IIi»* reromiueudtttioa* for berthing *|*ire that! will «■> 
i^amiodale tlx' entire Atlantic fleet. The Allanllc fleer, 
lit *in«er*iit ruii*i«l* of lwenty-i«ie muli-ni liattleahlrtt, 
uii. I It la the opinion of the board that Iwrthlug Hpaoe 
•dtould tie provided for tbr entire flee* n* It exbvt* to- 
day, or Tip wi iwr iint of the fleet unit* If of tin- rVntv 
nylvanla tyia\ 

Thi* will ii<*YHDpll*b what do oaher navy yard ni>w 
aii-<tti|*tUlw*. At pre*riit, Norfolk rim take ran* of 
one dlvbdoo of tlw flu-* wild nuupamllw 11 unfurl. 



Ah ha* Iweu pointrd out In tlx? nurnr-nai* report* of 
naval expert*, the Norfolk navy yard and Hampton 
H.mhU l> a loglrul n»»ea>h||ng jtUo-t- of tmltlo*ditpH and 
I* ge.*grnphlnilly lorn led mi that *hip* ruuld .01 or Id 
for rnMiln*. uimI be out on tlx* high *eti again lu n 
ronipitrntlvidy xhort time. Tbr fart that thi* Norfolk 
navy yard I* but 21 mile* frtan tlw AtUuitU* Ocean hit* 
liewi tlw prime argument for making the Norfolk navy 
yard a complete navnl l*a*e. 

A iu it bcr departure from ttir licatm \mtXx I* tbr ei*xh 
lot; plant ^iijS(fr9>f«*«| fur the extreme Miiitheru end «if tin* 
tract. Thi* plant would have a »torage '•apnelly of 
" h - 1 ► m ■ tmiM of Lital, lialf --r M H- ti MMM MflfMl 
ta-low I hi* water I Lite. A few hundred feet front tbr 
eon ling plant an- pwn for tnipplylnff iitovUIoim. onittji 
it ii* I food >tuffr> ni all klwU. with rnllriMd <*iinivoi'tMrnH 
whl.-li fiiil froin tin" rli'bpjtt territory In VlrjrJntn. 
KurthiT than thU It l> i*.**»4H»Ji' to hrliu; aoMiiunHloii 
frutiu thi* aiaitaxJrH* fartlMT up the Ehfef to theni- pUrw. 
Mr. CM Mal«il that villb thN plan 4«rHiil out. tht> 
Norfidk navy yanl **otild 1.1 mit tbr (titlrp Atlaiitlr 
U'-rt rt-ioly r..r ■ iiiisiii,-^-." In tvii day*. 



A> fur an iHilldlng *M\m in innn<-nird, tlir nt-oniiani- 
datlon Is mnd«' thai tlw* Norfolk navy ytird xh<nild ulll- 
Inilbd) Ik* ri|Mlp|*f«I ultb provbdon fur IxdMllIK i*lir 
drmdniMtvbl ami utir NuialkT chip at tin* «ann* llmi>. 
hut tbnt fur Ibr Uurunluito future* Ibt- ttutjillutloti of 
orw way* ami biilldliu: farlllll^ for oiu* whip only of 
tbr drvtidiumirht tyi** 1 wuiild In- *iill!-l.'iit, Tlw Mgl- 
iid-n* h«>r hUiIihI that hMi»*> rnu bt* built at Norfolk 
miry yiml lit it much Irna runt than the tiuvi*ruinriit Ik 
now pujliie; hut In rlrw of tin- fart that tbr Norfolk 
> it r-l l> nut niulpiMil for hulldlrur. Uir rtr»t n«-4 wtndd 
lw roiiHldrrahly hltrlnT. 

Tlir tni<*t. whlrb U known nn thi? SrhiuiMdc tract. In 
lorntiil nun rnU-ntly to In-lt Itiw roiinr* -thinx with t'l^dit 
rallr*Mid». It Ik In ntNMtt the xnmr ■ iintltl n a* wIm'H 
I* on- ii. -. pitrtnl by tin- (ioM-rniiM'iit *.uih> yt-nrx It 
*.tT«'r> an iidnilmhlr )ilan of ik<vrlO|Nu«-iit. heltu* 272 
artwi In < xi.-iil, about a inlU> Unix, and. at Itx w-lihut 
IMjInt. alHHit thm* ipiarliTH of a mile whir. About imip 
third of lit anil If* antler water, whleh will r<tlu« the 
nrumiiit of drntjriiij; and oxmvatlii({ ouikKldentbly. 
(tr>«lly PWlMtag Ihr eimt. 



The Mechanism of the Spring-Beetle 

An Investigation of Its Method of Operation 



Tur. eoinniuii >-|»riii|r la*el le in mi in**i«c| lm wd> half 
nn l in h haie, whlt li. wln-n laid ii|mn Hm hmvk, riirlit ■* 
ItHflf by M|>rlnulut{ Into tlw nlr. *4tom %0 « Iwicbr of 
■dx Inrbes. In nn»*t lext-landKM thin uetbrti \- d«*** liUil 
at* fid low m : Tlx* priwtnite Iwi-tle tlrwt MMMaWH II" 
hark by w lllwlraw Ins an ii|*]Minliis.i- of the Ixnd 
im-nt, known «»* the * , thuin." front Itn Mbenlh In tbr 
thorax, and pn*>«dnii Ha tadnt »intll»4 the rim of tbr 
fchrnth. Tluii, by a violent imnvndiir elfort. tlw lualy 
of the ImiIIi- Ih U<nt forward, tbr thorn »iuapplne luto 
Ita Mheath ami the MM t mW tS bm li NUAJlIf tlx* •sromat 
with ii forn* thnl luirN the iMttfl Into tin* air. 

Tliat thlK ih>tirrl|4Uin In not entirely utrni't imiy lw 
njUttH by dew-tin* a «prlii«-tn*rtlr, uixl alan by exam- 
Inliic with a ten- the Inwel M It Mtl M Uf \mvk. TbU 
h,i- brrn thine by l»r. iKto Thilo. who ik-aTlta-a the 




Fig. 1-— A aprini:-bertle on its bark. 

rv»ull-t and inii hnnlml iNMnlblllthK af fidhm** In ''tn- 
*thau : "A very iieeiirate ntmem linhla drawing of 
ih*- targe f firing -lieeflr ( fit wlt>tM*\, wblrh la iibmit l.*i 
llx'li long, Ih n<pt>M|iu*4<d In rig. 1. It will la* otworvnl 
that tlx* bnek I* only tdlghtly bolbm- tw*twti-n the head 
MegUMitt xnd tlx* thorax, iiltlxaigli tlw thorn Ii n*- 
traetetl fur fnmi lt.*< itbiiitb. Tlila nllrlit (xnx«vlty 
lauiHheH wlwn tlw (Milid of tin- tlioni loiwliea Ibr rim 
of the Nbentb. lienor. Ibr upward Mprltig of tlw In'tlle 
rannot he rmi-w-d hy tlx* tnxhleii ri'venal of a frrw.\M- 
cut mrvature. In order to dlmnver tlx* true explana- 
tion I liiver.||gnt<*d a llf«>lti«*i iiMi'luiulNin, whU'h like* 
wine Ih liiirlrd aloft hy Mm own |aiWer. 

"Thi*. nierlianliiu Ih tlw fainllliir ty|H< of iitottMo-trap 
In wbU-h a wire, tnoviil by a H|irlng. hwIiich tlinnich a 
wml-4-lri-te and atfttm Hw nnnw» bn.fc <Klg. ->• If 



Ibr trni* **» *** OW* ml I* Hllgblly rabiil nod let 
full, tlx* WCUpluu ntUMiHl hy Mrlklug tlw Hour rr- 
kfajarw the <*ati'h. aiwl the wire hwIiikh over from A> to b\ 
Htrlkiug Hie wotNieti lw<*r mi violently that tlw trap 
ri-tHMimU vrrthwlly aud overt urn* In tlx* air. Here 
ttwrv U no (MiKHlbte revi«r>al of t-urvature, and the 




Klg. 2.— The mnuae-trap expvriment. 

r»fWi N CUNd Mdi'ly hy ■ bbm- on mm etal of the trap. 

••*nd*t olmemitbin made It **n»ui protutbU* that tbr 
"prlug-tMidle it «lmllarly throw u upwanl hy a blow on 
tlw antrHor end of ii- lnnly, mid thin view wan nai- 
tlrmril hy ex|wrlnieiitM with u working i.n*|. I of || M > 
Ni'tle <Hit 8), In this undid llw wire axln of tlw 
bend Ih hinged to that of the thorn \ am] iilnhanen. 




Fig, 3,— Working model af Mpring-berlh*. 

Tlw two a\i*n are |U*i| together hy n e*anl. whU-li fcaj g aj 
t Iii-iii piiitilh'l. hut when IbK ourd Ih buriHHl, ihe flpk> 
t m.l Inn <tf ji nihlwr Imrxl. HfrefHwd Iwtweeu the ex- 
trendtlrH nt the Ix-ad tiiwl tlw gwlnmPB. hrinin* tlw axU 
of tlw bend Into a |H«*lth4i |*»r|N-mlh'ukir to that of 



tbr Unly. mm nno-** It to Htrlke agahiMl a fork nllaelml 
to ibr thorax, wliereuiNin tlw whole ai*«lel Hprlug*. luto 
tlw ulr ami overt iirnn. In tbr dlm-thm ludb*at<*.| hy 
Ihe arn»w. 

"In order to pmdn<r a Hlrallar iielliai In Ihe living 
hti-tl**. very iniwerful iiiiiHvft**. mid a very flexible Joint 
are re*|til*lte. The nprlng tai'tlr p>Mt4<9iai«. botli, n> I 
have fouml by mb'riM*e<»tilr rxaiuliuitloo. Tlie iiiovenwul 
Ih efToeled hy tlu- •'iMitrai-tlnii of a |«dr of <*niiMplcuniirdy 
nelUlevelojMil nni-rl.- In llw fnait of I be raik. nixl It 
I- oppiml only hy a pair of Hiuall rxtetiMir aniiiu'le-. 
nltnelxHl very ix-ar tlx* Joint at tlw bnek. The joint U 
eoti«lrtH'ted In u niuniM-r whleh miiluw It very flexible. 

"Tlx- Thorn* l» rWVfd like a Kaher, and Hh eutrnurt* 
Into Itx Hniooth CaWWd *>hrntb U made ensler by a rot it 




Fir, 4.— Muwlee of apring- beetle. 

of 1 1 air ii devhv freijnrntly ■■jJnjrtal la diminish frx'- 
thai In ihe Jidnta of lMi-<lra. We lave MOB thnt ttir 
I horn d.H**. not net *m a luck or eat eh, for It Ih fur from 
lt> H|x>iith til llx- i'i4iinx'iMvmnnt of tlw iiethm. II 
■ i > h merely to guide the nioveineitt tiiwl lo pn-vent 
dlHhH'iitbm of tlx- nei-k. 

"In c*tiix'liiHlim we tmie to nmm the reautan of Mil* 
prruUar arfloli. Tin- ex|dil lint bin l*t given by eX|wrl- 
nietit. When it Hprlug-lHidle Ih eoni|wIh*l to r*>|wat Ibe 
to t tunny lliue-c. II Imnhiuiih fntlguiil tiwl unable to make 
another npring. Tbi-n It rV4t*tMff> to lurn mer alaV 
wine, aial iiHunlly innke> many futile effort* before It 
hxtvuI* In didug mi. Friau lhl< It apfHiir* that Ihe 
iMftli adopt n tlx> H]irlnglng nuovrnient an the eaHle**t 
iiM'tbi-l of reitailnhig It* footlug. TIiIh U tlx* |*ofmlar 
opinion, and I rind tx> tund* f«r the doubt that ha* re 
n-nlly lain <*ant up It.'* 



Track : A Brief Iliatory of Railway RaiU* 

By A. a Corthell 

Till tlnd Hind nilla ninde In ihii CnUMll) IWB rolliil 
at iHinvllle, I'M.. In IM-V other rolling* were made In 
UM mbiiw )ntr by tlx> Iho-lou Iron Work*. Ibe Trenton 
Iron Work*, the New Kugland Irmi f..io|«iiy, and the 
1'birulx Iron t'om|«u). Tlw flrnl rttjpfnMit rail lunde 
In Ibe I nihil Slnle* VM rolled In t'hleago In Mn. 
IMI5; llw flnl |Wio*iiwr itvaj rail* to bi pn*duni| on a 
eiwiiiwrxdnl order, were rolled In .1auw*>1own. In AiutuhI. 
1^(7. Tlw Intrmluetluu of llw DtnaHUtf pfocefw UMaT* 
highly revolntloidUHl tbr art of mil nianufai-iiiring. and 
Ibr alllmale eff*i-l on railway hulldhn: and f>nuuiereial 
ileveloftnietit of our eovtulry nili hardly tw overeMi 
mat«L 

Attefli|><M were made iiboiu 1>T" to roll a ii*tnhlmi- 
tliai rail with ahpH brnd ami Irni web nixl UiMe, but llw 

•Head brfwrr tbr Aawrlraa bwvUty iri MmbAUiial Ku*\ 



riipid mluelhHi In |*rUv of nll-*teel rail* nixienil lid* 
lirneeNH of no eci*iiomle value, for while ntrel ralln In 
IM'-' wdd for $Nii per um, In 1V*2 llw price had 
drop|iil to $Xi ptf Ion. TIiIh ajMUMC larodueiltMi wmtm 
ajnaglMa the Ix^vh-r mil of rn-enl year*, alau tbt* litrver 
Inrnajuttfcn, gnuler rntuirity ear*, nnd eorreM|mtxl- 
lugly greater etniMimy In railroad o|*eralh«u*. It In In 
I ere* t hue to note In thh. imimi'tion tli.it there *eeni* to 
have Imiii a flxtnl relalhti between tlw weight of rail 
In pound* |wr j an! and tlw weigh) of li*t imiHtlvef In 
MM for when we had i ■ -i i I ralln In general n*e. we 
hnd mi ton l.*>nui*(1 v ( -. „ihI ultb the im^tainral mil. 
mam NVMan InevnMtVflii nwighly Himklnc. hi *i>renl> 
yntr- rlw ni*lght of mil* ha* liwtva»ed 7b (mhiiwX or 
I (Haiud | er year. 

No) many year* ago )he ilmlguiitg of rail *»-nloit». 
hnd hoeonio a fad, Moxt engineer* were ealhi! U|hmi In 
ife) up n iww *lnudiird de*lgu. ami (.■-:, nil nmil« had 
llxdr <iwn HlniHUnt nWthNM Ah a inatler of reoinL llw 
mil mill* at tan* lime had iw le-** ihiin ivs cllfferenl 
putterna and 1IW pattern* of U7 different wel^bia pvr 



>ani. Ttw hIIiiiiIUiii wan Invektlgated hi Ibe Anwrlmn 
SiaHely irf tlvll Kngllwer*. and In I Mat. after nmrv- 
than Hire** year*' dHila-mlhai. the antll<Jf i*-|m ■• 
njH.ii Hlamlanl *i*elh*iiH for rail from *> io |i«i |*.uih|- 
varyhm In wHght In o-jM-uml InerenwulN, Thi* ni*Hri 
am* aeee|*t«*l hy tin* ►..*■*.•( y nnd ni-oiuiuoixled lo tlu* 
ratlruaiSM for adi*pi|ou during llw year II ml. Hull*, of 
tin* |bove ly|w «if *Hi*tb*iiH eoriHlttntnl full* "* ODall 
of nil the nilln roller] In Anierlum mill*. 

In 11MU the <■'■:■ of the American Hallway A**o 
elation fyeuinmei.itliig Ibe u*r of XI Aft*) rail* waa 
iidopte*) In i»ciol*-r. 11**7. ii prvdlmlnnry rv|H*rt wan 
xubndtle«l. iMiHimiuiuliil hy two *«>rU»< of priHjH^tnl 
*taudiird rail nerlloikK aud In 11HIM llw re|»irt ree-mi 
ikM'iMled tyi*** A aixl It. Sluev llrloler. 1h*<7, alTt*W| 
■mi have ndbil ralln *iih*ltnillally In m-e-ird with tbr 
ajanj Heeih-ufi, ImiMi a and It. and It bn*> h**a mMWmh 
■if ' - 1 Ibul lhe>a* »«*r1l*iii> mn hf tinl-hril hi (It*- mill at 
a lower leio|wriitue*' than llw A. S. *" K aivlkntl A 
$m% gnilwil ii nit MlM wearing rail *boiitd I** aniitiil 
UfNtever. great can* miul Im- exercksod In ibe mills iu 
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m Hint the 'nils iff actually n.llrd ill the lower telll- 



liurtmt the year WIS there him l«s*n liilil on Ibe Itoo- 
i.ii A Mnlio Kallroiid. Bm Ions of s.V|»«ni«l frlrllonlosii 
rails In enrvin i.r dinrco* und over, with wlilr* It l» 
ho|«*d to lessen materially the da tin* wear mi lilxh lulls, 
which oil sharp curve, I, always <vii».ldcriiblc. Actual 
.■X|s,-rlmciil slums that curve n-«l>*1ii nr.- Is a it nut deal 
lenscwst l.j the usr »f this rail. TIm. theory nffcrisl 
ft.r thv action of IIm> uncalled fricl kinlese mil Is IkisinI 
on Hie mean* tliat It allows the outer wheel iui curb 
axle- tu la*coiiic dominant over the Inner one. tual tin' 
Inner wheel tu slide In tiro M> lo trlenso tlx- .niter wheel 
flnncrx a« they an- fimtil upilixt tin- outer rail Thn 
miter wheel is Inivrtsllu: a creator distance thnnuih » 
mrTc than Ibe Inner olie. Mil Is nuMlilf tin- name liulu- 
lier "f n-vnUlttnus. fill till**- account, a ooiii|«*il«uiii,i.* 
slide "f the oilier wheel or a spin of I lie Inner ,aic m">< 
imur. The friVi lonl.-x* rail ullows llils necessary spin 
to oreur at the Inside rail. 

.No subject concerned Willi track appliances has Im 
more -lUiis-ail tluin I tin I of Hie Joint rasteiilns. The 
evolution of >.lnl fusli'iiim.** lias ad i ll need tbrolictl 
three stages: first. 11m* chair wbli-li iDiitldaliis (lie end* 
of tile rail In iillliemelit iliwl serves us a Inuring-: -rc- 
oimL llie lish idale wtileli nfforitisl the rail some supisirt 
under the head, hut i*rtnH> Improved the matter by 
stllTenliii! llie junction ..f tbe mils vertically ; and Ihlnl. 
llie all-tie bar which eomblllr* tbe fenturc* of the fish 
Hate ami flnnio. and effi-ebsl a irreiu Improvement In 
Is.lh the vr-rtlcnl inn] horlxolilill stlffm*** of joint fo,s- 
tenlin;: Hie plain angle bar is very sim|»*t', easily ap- 
plied. iimI cheap In first eiwt. 

The iv.ikIIiI.iils uhMl Islir some relation lo the wear 
of splice- hars arv the evleiil of hrairltur surface iiimI 

f he hanjlunu of tl>e metal. Ill till w s!i-|.,liml rails 

iitJil smaller sire*, tin. question arises whether the plain 
anirle Imr iiov-ts wlfti ihe Ideal nsinlreiiiciils of tbt* 
splice liar in the Iwo lm|H»n.nit n*S"s*ts, str.n«th, and 



the wenr in Ihe Imuusllatc vicinity of Ibe Joint which 
affect* llu. rinse union of Ihe purls. We know (Mat 
untie tuirs are not sttolii ■-■loii-sh. lns*ailso they In'tiil 
and take a |*'rmiim*lit wl 111 service, ami ooraslnaally 
one break*. The *up|sirlrd joints whk-h we have had 
In u>*c are Ihe KIsluT. Hie I 'em Uiuoils, and the Welter 



Tor hells to fallen llie Joints t.. llie rails, the iikis! 
. It), lent are those InniiiK the aa-ralNsl frl|i lluiwd. 
TtiLs Uilt Is Diaik.* of a soft steel, mid Ihe (ln>tids are 
is.Jd i«resM«sl In a liunner to U|e4-t the metal si as to 

ri'lwv Ihe dl eler of the ls.lt hat sllfhtly at tin- hot 

toni of the thread The Itiroud* lire raleln^ sli«|«. iiikI 
lllnterellt :. decree, ml the l.^rilai side 111 llie nut llie 
tsniliiu side »r tin. IHnwil Is at rtflit ancles lo tlw axis 
of the uut-rturo ■«. tluitvilien II Is msmil llflit nmilnet 

the solln- Imr Ihe threads r.f Ihe l«ilt «l\e lo the ex- 
tent to which they are unikervul, and the metiil will ts> 
]OIsImsI c.«4ii]llelf!y to ttie outer Tiss'SMTi of the mil 
threads, m.1 as lo loild tile IMIt tliinllt-t turning off- The 
lint Is s.|iiare villh the inrnera ehanifer.sl nevr lo tlw 
weurlar surfnoe. whlrfi lives nti a|iiri.\lanilelj elrvn- 
lar IsHirluc. I>n IIm- iMiirtiu: side llu. mil Is miswasl 
the de|ith of a Ihrotid ami to a dlaiiM'ter somcwluit 
larger than <ll*l or die tliromted ls.lt, thus h..its1n» and 
l.riXretlnc Hm' niaiiv thn^ids apilnst Injur; h> the 
etuirtlii; nn the splits* Isir. 

The first lle plntes were nsisl to prevent rails fn.ru 
nilllne Into ami d.-simyini: ll.e ihs. i:rndnal develop- 
ment has addisl other fi-alures. sorb as iIh* to|. sh.ailder. 
spllu* boh*. iM.ttom 1'law-s. and rlls*. nil leiidkuc ta make 
tin- tie-plate not only a He nrotoel Ion, l.ui a more vain 

able rail hrins. |0sa.om> of uniti'llal iifsds a Inlid- 

liiiilD of nelclit ts.nststent wllti sin-mctb. and oia' of Ibe 
niirst laiportanl ronsiiJiTnllolis is I.. oMntii a tleplale 
whleli will nillle firmly with the lie: otherwise It will 
I'.inul Ihe He wear It under mil v ll.ru l |..n and 
afforil no lateral re-dslnia-e lo Hie sprividitic of Ihe mils. 
As sni-b a nviuireaienr enuiiol Is. bud by a plate wltb a 



wiKs.tli (inihovide, prnotlenlly all lle-plalw nre now 
made with iiinh'r pn.jis'tlims in Ibe shnis> of dawn 
whleli enter tlw wtsal ero**w-lfte of like eraijl. or of the 
rtanstst or rlh tyis 1 . which enter the w.ssl longitudinally 
ullh llie i.tiiIil In the former nlse Ihe lateral displace- 
ment of the ptale Is rcsMed by an iihutineut ajnilnat 
an end wlion of tile llls.rs. The slandard Itnaton * 
Maine lle plate has four ILulltfes whleli enter tile Ifniln 
..f tin. lie l.iiitlni.llieill,, rillililn^ llie width of Ibe 
prate Tile liili'st lleplate shows the Iwo Inmcltudtnal 
llariuv^ and tor. smaller transverse ilnniri-s on tlm bot- 
tom, a heavier shoulder unit » Istler |«>rtloliln( of 
man rial. 

Wisslen ties have l«s-n nliiee-t universally uaod by 
IIh. railroads of this enaiilry. ami an. stilt used as host 
practice. Srrel lies and lies of concrete const raclioa 
have Iss'ii mnile and are usisl to sonic extent wiih vary- 
line success for wisslen lies, (he hanl w.smI tie of 
oak. chestnut, ami hard pine arc inasl imratly f«r mtlltl 
line traltle. and the softer wissU. sm-h as cedar. f«ir 
briim h llios. ,.f ii„hi „rvks. The standard ItmtoB 1 
Maine lie Is r. Im'lles thick l.y s inches wlile. and N feet 
loui;. Tbe avernse life of a chestnut lie Is seven years, 
and hard pine tics eleven years Tbe life of a tie can 
Is- lentfthciHst tiy ihe lls*« of ltc-|dntr« iiimI presvTvntlves. 

I run sis' no radk'iil chance In the |.reseiii track ma- 
terials or llH'Ibisls In the Immcdblte future. Tlie mil 
may Is- heavier, ami more spiles, th-plntes. ami bniees 
u.l,l.Hl. hut the xcncral deslitli will !«• tlve same. Tlw 
ctmiircs In lurnnuis ntal yunU wltl ls> most marked ; 
dancer swlti-ti leads, wiiler spurious of track. Itavivk'r 
rail, and more earend malnteruiuee an* already neeea- 
saiy in n uissit iininlu'r of our yanls. dm. to the In 
creii**>»;l hsids hi [siwer and rolling st«s*k. In the IVnu 
.vh-iuilii Terminal. In New V..rk city, we find jairt .rf 
the lruek>. lulsl mi sl.me Isill.yst anil sop purl on a 
solid coiierefe Isisr'. Willi 
nli'l au.-tiorrd he tssts to the 
ISTluiment (siiLstrii/'tiou. 



Experimental Determination of the Earth's Elastic Properties' 

Apparatus and Methods Ust*d in this Intricate Investigation 



It Is well known Unit the nceuli lldes are i.-aos.sl l.y 
Ibe dlfferemsw III Ihe nttrileltisn .if the sun ninl m.s.u 
for the Hirface and eeliler or llu* earth. Tht***> differ- 
enllal fon-i*s are very small roai|«ired with the attrue- 
liiai of IIh. earth for hotUea on its nurture : In round 
nuiubers the Jidnt tlilal fi*rv*i* of the auu and imsm on 
a body at the earth's surrnr* under Hie most favoruhle 

elrrnmstiiniTs amounla t ly alsmt l.'ln.Km.Kiii of 

Ibe »vl*ht of tlie tasly. Thi» force wialld d-ll«rt Ihe 
Isih of a pluiuli Hue in fis*t lonu from Its uomial tsisl- 
tion only about 1/llKMMNi of an Inch. Tills deviation 
eorn*-s|*ond» to an uniilc of only ll.lti Inch, or Hie uuxk- 
whlch the head of a |dli would subtend at a distill***' 
of till llllli-s. 

If Ibe earth were N Isrf.slly thud muss. 1. e.. if It 
offered no reslstanci*. either elnstle or Hsisius. to 
cbuilh'es of shill*'. Ibe surfui*e would Is' llllcd by the 
tidal foi*ivs thn.iieb this smm. ain;h*, ami tlie ih-o ln.ri- 
xolilal would Is* |s.r)s*ialU'illar lo Itic IM'W verlU-;il. 
Then- w*iuld tbcn.fore ts' no ebaair*. of tin- ptuiub Hue 
rclaltve lo the earth's surface, ulnl we .s.nld n.< detect 
Ills, sivenllcd • detledloli „f Ibe verlk*al." 

If the eatth wen. (s-rfis-lly rlieid Ibe pluiub line 
w«>ulil move laick and forth, as the isrsltloivw of ihe sun 
ami moon rary, by ub aniouitl whleh can Is* ean-uUted 
witli an ilis'lirary which Is liiuilisl only li> our knowl- 
islift* of llie ui.issis. anil n-latne ismiloiis of llie sun, 

• il rtli. mid in A» a tnntter of fuel, the . irih Is par 

lliilly mid nut eirtlrel) rlul.l. ami lla-i.-r.-n- ill.- excur 
slolis of the pluaib lll>e an* II is rtnlli f l-.i u, I | L *i|-| of 
Ihe full eoiuimted value. After lliis fi-.o-rlou bus lss*u 
fonlid li) c\|s-rlmcnl. It Ls |sissi|.|e lo is.mpille IIm* 
rluldlli of tb.. .*rth. 

In IsW lieontc met llonns. 1 >urw In. nt t'liml.rldne, 
KllSUiul. ultempted to iuon-ure tin* riiii.lllj of 1l«. 
i-arth, Tliey usisl u lieuvi |**iidillUDl u b.*se molliuis 
were unrtlly mnirulllisl by siisis-iitllui: x sonilt mirror 
liy two lils-r> icr> i-loss' loi-i-tlw-r. on.- i-r uhleli mis f.-, M - 
lemsl to Hie I *-. • I e 1 1 1 1 il li i ImJ., and tlie .a|i.l lo a riirld 
sii|.|..n However, ev.-ll with till" eMrem. li si-nsillvi- 
li|.|isll.llls I bey were unable lo separate liny moleuicrils 

due lo Hi.- ni<> ii>-s iiitnicinai from multiloilc ..r ,11. 

lurl-liur ill-|.lii<s-io.-lils . .. ii -.- 1 lo l iiimms ..f l.-iu,. r.i 
lure, on rt Ii In-Mior**. 

of lti.--i- ih*-lnrl'iiiir »-l. iii.-nl- :i ii--.-. -.-ri.^i.: ..n.- Is 
He- dislol llol. of lie- linsl <:ni^-il to in,- Inilocli -j 

welihl of «:in-r |.-i|.sll,-,ill.t llii-onii li|.. I. I v.iiM- ill 

llie ..sun lldes. V- Ii is lsfs Mir V1 . lmrutn 



Hy Prof, llfiiry (.. <iale 



said Hull lonbtisl II It would ever l»i (s-sslhle lo 

Isolate tlie elTis-is of Hie lldill foinsi from the multl 
I millions dlsliiriuiiici*s of a more or l«*-o* iiis'blelilal i-har- 
acter. allholich he ns'ocnlTrsl a possll.ilily ill Hie work 
of rnsi tiulu ami his siieeeMsor lllilcrl. at SlnissliuriL 
Tlie.i tuid ulnsidy sss-urisl ciiconruifliic n>ulls l.y tin; 
use of the horlz-nilnl |«*i-rtluluin. whkh Is In effis-t an 
extrrsllnirly sensitive iidupliitlixi of Hie plumb Urn* 

Slnis* Ihen ineaslirelDcnts of this son have tassll car 
rled oitl by ii>ii ICets'Ur. Kortuxxl. Meeker. Orloff, and 
others. Tin* ex|*-rinieiit*l nsoills an* so i.lisi-iins.1 by 
iii*eldi*iilal dlslurlstiiis'v hnwever. Hint llrs-lr luter|*ri*ta- 
I1..U 1s dttheull, and the result* of these various oh 



In nsvnl jeurs ITof. T. «' l lininls rllii has l.s-n iniK'h 
illlen-stisl ill Ihe possllib* elfisl of IIh* i*artll liik*s oil 
llie .ss'illi lld»*>. illid be Dial I'lof I-'. IE. M.iniloii Iknvc 

foi yeniv iss-ii anxious to sis*on* some dcfliilic duin on 

Ha. |. In.ll.il. of I l.i- ni rib, usuuril of lis ilinl Isnr- 

iutf on i|lw*.-IUiiis of pUm*tiiri eioliilton. II was Hiniucb 

tbem Unit Pn.r. Mleliels sail me lulcreslisl III the 

prolilem of ni.-.i-iii-in; II,.- elastic |»i"|srtU-s of the 
cilrlli and desl^msl (he ex|**rlnieiit-* which were mli- 
•tm'tisl last autumn on the grounds of the Yorkrs (lb 
"••rvalory, a( Wlllliiirts Hay. WIms.usIii. Tin**** e\|s.rt- 
inenls are dcscrltssl In full, with ariiphs ;usl t;ili|i*s of 
otos-rvnttisns. in the Jrintwil "t '/.'Woiru und ill the 
l«f>o).*Aivl,^| lonrilll. for Mn nil. mil. 

t'r..r, MIcIn.I s 1,1,-n was to snls-tltule a tontf lu.rl 

volilal waler surface for a lisuir is'inluluui, mid tinsis- 
urc the cliiilnros of level at Its etnts. There are many 
iidinutnees In this iirniiiLviiM'iit. The leui?tti iiiny lie 
ilo-iisisisl lo any ib*slred e\|..|il, Tlie ivntcr column 
may be entln-ly under crourid. nisi (litis, to ll very Iniyo 
extent, frevsl fr..ln tenils-rnllire disliirlivmes. linrlli 
tremors pisslms* but little. lr liny. elTeet- 

Tllo omniyeiiielit ii.-tiuilly used huh n> folloiis: An 
Inili |*tis-. .'*m fis«t long an.| r. Iii..-*n-s in dinuicli-r, was 
l.iicl.sl l:i a in-ni-ti n f.s*l ibs*i> aloii^ an ncninitely de- 
l.-rinliKsl »osl ninl nest line, .tr i-n-li cud tbere was u 
].ll 111 fis-t d.sll nisi s f.H-t siunrc. uulleil ullh coli- 

creie The tills- was lev.-li-d. cerlnllily t" ivllln 

Imir Initi, :it,il |.r.lol.l> t-. .vlllilii one *|il:irl.-r ..r an 
inch, ami hair rill.-l .Mill M.il.-l A --:i--.' ;.l c;ie|. . lid 
li I- -led ill III- I.o. to ll.e Mil -|,M.s- in llie |-i|»-. 

,in«l nt ll.e l-.tt..m I.. Hi.- mil.'i- \ iiis-.Ii.' |siinl ill 
i-iK'h -.'iu'c was lircUL'lit u|- from ts-l.m- until it nearly 
l.iuiliisl tin* -iirfiin- . r Ibe vat. i Tlie n.sslle |«.lllt 

In one side of the 



OCe by II MUIlll elect lie fli|shl|i*h| Tile umler surfnor 
of His* unler filmed a very ia-rfoot mlrnir. and the dL-s 
luiiis* ls<«,*eii (he ]„• Inter und lis totally rellectitl 
loiace was read, throtujrli a Ht*eond w iadnw, viitli a 
lulcromiter mb-n.<«n|s- lluniss |.|]a*s. ami w-IihIows 
were all ali-tlifhl, -s. Hint tliletuatlons In Uiromelrlr 
beiifhl -,( ||„. ends were without effeel. If (lie Kline at 
one etnl was o|*eii. the linafe at the idlivr was mil 
slcndy, but when Issth ends were clissed, the n*fleete<l 
Imnui- wits iih stead? and sharp a* the |Hdliler ltr*elf- 
Mh-m-i-i.|K*s nen* used for whleh a lulllimrlcr nt tbe 
f.H-ns ciirri-sisiniksl to nl*iut *a'Veuireii n*volulkins of 
the mien .meter loud, illsorvulloiui were In ken by 
the dlHlamv betwisu Ihe |. .Inter and It, 

al one eml of tin- pl|.-, and suldractinu the 

eiirres|>.ndlni: llltTeri e at the Mlier rluL An Hie 

wilier im.nsl. e I! . lowanl (he msl end of Ibe pl|s-. Ill 

n-s] >e to lis- Hdal fortsis. the dltTeiciiiv (f.'l ill tits* 

eusi ..ml ini-risis«sL slnis- ihe water was rislup; blutier 
.iln.ie Ihe |s. Inter, ninl tlw dlnVteiiro ( IV I al the ureal 
end ilimiulsh.sl ,.» the visier fell there. The dlnVrvuoe 
/.' It ihrlefor,- Im reasisl fnau hiair to hour When Ibe 
water moved lownnl llu- w.*st .n.l ,,f the pljs-. Hie dlf- 
fcri-iiis. l/.'i iks'n*asis] and I II l lucnitsist, and K — II' 
iliiiiiiiLsliol. 'nn* valits-s of /.' It plotlisl as orilluates 
ninitlisl llie time as abscissas. Kale curves uhlrti reiiris 
*s-nl«sl llu* oltscrvisl tbles. Since lis* water movisl down 

ill ..tie end and up ,,t tl her. and since the reflected 

inuiL-i-s moved l»l.v as fur lis the water surfanss. a 
fourfold maifiiltiiiitioii n-ns sn-urisl. Xoriso-er. since 
any Hiiinue In level whleh inlthl !»• cinised hy siuall 

l-bllllifes in lelli[*rnil1ITe or lenklll|£ llltl'nsl the level at 
Is.lh emls alike, the err.u-s caused hy >ui*h dlstiirlinm-ea 
iltsii|i|s-onil In lli,< douhle dllTcrinr K- II'. (Tlanilrs In 

•'■"'I ■ t" tin* settlhn; of the pipe helwocn tbe ends 

i.etv ills,, without .sT.t-l K, liowxwiT. one ,iid net I ted 
ni..n- Hum ihe otlou*. ihe d'ml.le difference viouW In 
crease ,,r dis-lvase. ili-[s-uillii.- on «li.-lh.-r the cost iu- 
W.-*1 ind "s-llksl more niphlli. and the whole curve 
would Is* nlieu nn unw.-aril or dowimun! sl,,|s-, A siml 
Inr I'ft.st u-i.nlil at-*, iss-ur If llierc vii'iS' tin apt-ns-liiMc 
clwinre In til" s!.,|- of ,1,,- r ,.-k st, nn, ll„| ,|„o,* such 

•-linn*.*.- u„r A |. -il,. He, tl.s V w.oil.l u..l ,.rf..-| ,|,e 

II -„l| --Hoii-h 

Al.ail .i-.-hl.s , i„,-„i, r.-inll,,;, da j. ut Inter 

'ills of from ..ii.< I.. lliriH* ..r f.„„- Ii.*uts, ii.-re taken 

diilln-.' Aihtirsl. ii ii. I It l.s-s liileul Hint rh. to. Hi, -I 

mis .o|ialile of yl.-ldliiL* vert no-unite nwiilfa. A slml 
lur line wu> tlici. fore Installed in a N S dlns'ti,.,, 
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HurltiK iictoiM*r uud N..v.*uil«-r rcuilliip. were taken by 
Hi.- writer «u both the .VS. utnl K.-W. linen, n-lth Hie 
ii-Mslnure "f Mr ll.Ttn-.' Aldon of tlw Yerke» (M,» rni 
t..ry gut. Itruillnc^ were taken onoe uit bmir fritu tl 
A- M. to ]2 I'. M. mid unci' in two In-lin* from 1^ 1*. M. 
In >: A. M AIh.iiI four minute- u„ojill> .*lii|*»r.l bo 
luccn nwtlltilln Hi mIiv i-wl "f il line mid the "Hier. The 
iibiiii Dun- i-l tlw two will taken at. 'In- Hair of Ibe ol> 
-.•rmlli.li. 'Hii- ro«ult wu« llw hoiiio n» If tlw l«u eudi 
lliul la-en tend illi>iiltmi.-.*iu*ly lit llu- wall Utile The 
i-ltHervitlloilH Iktchii nl >> A- M. Si-tilillllH-r '.'Till- mill 
ended at Z V M.. Nov.noVr Jlllll. 1'll.i- 

'Ilii- curve* reprc-<i'lilllill the Hike* In both tin' I!. W. 
uiul N ft. with vcr? -u<l~f.-v.-<"l-.v. Tli.-y hIm.iv.iI 

Willi trrinl lullhriiltus.. ml.** ..I <lw c\|i*cl.il form. In- 
.l,i.lli« il»- diurnal limiiuiUly. ..ml «i-rli.i* mnl l»-«|i 
liito^ Tli.- n.iiul Hiunift. .-I level m .-ml. .-ml nl Ht.rlii« 
il.L- jiQii-uiil.il 1" ii l« .it .nmi Inch. 

Itut wi-urlim tb.*-w .^iw-rvniitMiM wii- not nil of tlw 
|.r.iti).-i.i. II wil.s it.ii-.vmr> to know nluil llw- Hit.**- Ill 

lb.- |.||h*i « .1 have I-.ii If Hi.- «-»rth were iilwcl.il.-l) 

rlai.L l'.<nijKilJili"li» li> .I.tctmliw Hum w.-n- made by 
Mr. \V I. Hurl under Hi.- direction <.f I'rof !•- II. 
M.. .ill. .ii Tli.- IUU1 force* m-tluii .in llu- water In tor 

pl-tCH l1l'|«-tl>l OH HW |HtlltlOtin Of tlU* 1.1111 HIM) UIH'll rt'UI- 

tlie l.i tin- ntwrirr. Then- .He.1tl.iii* chilli*.*.- Id ii very 
.-.iQi(illciit.-.l nuiiiii.-r. In llu- flr-H 1-1:1*-.*, lhi< nnnm rl.ie* 

hi Hi. >1 mm travel* westward iicr.ee. llu- »ky 1.0- 

cmv-c or lit. rib" rotation, 'flu- ni.-ui lw- >i ai.ill.in 

nr.1 hiiioiu* llw -.iiim. coniplcHitj* » revolution 
tlw .itrtli It. a month. It.-i.lili> llilu .-.intwiinl 
It luiit.-. nu-li m.-ntli an evmrulun fi-un 2> oc- 
tal the |ir.-Mrlit tliui-l norlb iif tin? <vl.-i.lliil .-.11111- 
I.. .liiir.1- wmth or tli.- <vl.-Ml«l i-.nuil.ir. Il« 
.to llu- turlli >ali.-H l.> nl- .ill Ki i»-r ivul 
tlurhiK tin- in.iolli. mid ll.i ™»l«iinl motl.n. »iuoii« 
III.- kIiiih Ik rut- rii*ai Im-Iui; .iiilform. In n.Ulllioii I-. nil 
Ibi-w tlilriK M IN.' iillni.-lt.in of tit., mui on tin- ni.Hiti 
i-iiiti*i« lit. motion to Ik- tuorv it-r.-Klllm- llun II n-iwlil 
ottn-rw-tMi Iw. mui It iicvi-r iii.ii-.--. np-mi.1 lb.- i-tirlli Iwlri- 
llt IIm- hhiih- oi-Mt. Wlu-li all of iIh-.-«- iMlntil.-x i-limiun. 
urr |irni»-rl.i .-..iii|».iiii.|«I with Hi- ^lim«( n|tully .mn 
|.U-\ onn. f.wilnit fn-iii 111.- -win, III-- uiil.itloiw In Ibi- 
ii.-tmil tliliit fonym nr.- oliliillwiK 

K.-Ttlliuit.-IJ llu- KlilM-inrrU irlvi--. 111. tl>«. im».1iIoiik mnl 
tllilillio- of Ibi- iii.m ■!■ iimI >.m for .-v.-rj - bmir. thin 
tiavittt; an t-liorill.iui ntnolliil of .iini|iiitill|.ni. I-V.iu nltb 
llili nl.1 llw n-.irk of (Minimllni; llu- llibi In Hi.- |.l|m- 
»■» i.-t) jin-iil. As tlir i-\|«-riiij.-iit |.r..|rn-.wil ami llu- 
i.r*T of iitvura.-} Ill llir oli«.-rvnrloiis w«» «-<-n lo 1^ 
blcti. It Ihi-jiiih- iHH-i-twa r> li. liH-ri-iiH.- (Irt- rliror of llu- 
.iiuijiutiitliMii. It nns f.iutiil ii.-o-«iir>'. fur .-Miii.|-|i'. lo 
ink.- ni-.*irtitit of tli^ furl Ibnl tlu- tldnl fortv of lb.- 
in.Min In itrviiii-r i-n ibi- -lil.- of th.- Mirth in-xt to ibi- 
iihihi tlmn oli IIk- ot.|»».||- xl.lv Tlili r.-nn.-liM-i.l Inn 
not Iw-rrlofi.r.- I*i-ll ii.i-.-Ki.ry In Work oil III.- Ilik-i lull 
It liitrotlll.-.* <IIIJ.-r.-imi. of » mmb in ?. |.-r n-nl. Ill 
Uh 11. ml form I'rof. MoiiltiitiV foniiiiln, liu'lnilluj: Imr 
llloliln of IIm- llllr.1 <iril»*r. l.i* nrfiilllll of nil fn.-torv 
wbk-ti ii fieri nl llw nitilt by »•» much 111 I |vr n-iit. tin* 
I'r-ilMil.li- H.i-iirary .if tlwi rxiN-rlnn'Otitl work. 

In roii.|*rtiu- Ihi 1 i^»*-ri-nl anil ronipiitiil tl.l.-!. In llu- 
K-W. |.||K-. 1'r.if Micbi-U.ni fminil Ihnl If tin* nwumtnl 
IUUk wi-n- imiltltillrtl by Hit- fndi.r T'l" t!i<-.v nnrv.-.! 
iilurtiMt |*-rf.-ctly with tlw- oM-rvnl nw. Itut tlir onn- 
|i«t.-.l IUI.«* for th-* N\.fv. jiltw. hn.l t.. li- rclnrvd to 
nlK»ut one luilf of Ibc cwaimtnl riiltn-i to nice tlie ii-^t 
iitTw-nii-tit with llu- nttnrrvitUiitii. Snm|ilr ctirn"< for 
tlw H. W tliir nr.- irlvtin In l-'ti:. 1. anil tlir niuil tu«-mi 
nilli.-« of llw M-uNtally linuir tl.l.. for luth llnra nr.- 
(Clv.ii In Hu». ami .1. Tin- iiilixi of m.. r«(l<». liiiuily 
il4lo|il.il nvrr: 

K..W "710 

x.-s <t.rc.i 

TIm-h- fiuilpn ninin rlinr iIm- wnl..r tlilc In Hio K.-W. 
lil|a- vrai only "I i«-r .-.lit of wllill it woiiM bav., tVi-H 
If llw in lib >vi-ri- li-rf.vll.v riatiil. I. Ilwn- in uti F..W. 
Il.h. In Hie -.11.1 .-m-lli whlcb l» a»>/7H> in Inns.- n» the 



n-aler Ii*-. In a N.-S. <UrcoIl..n tbi-K- U an wirlb lide 
u* icrrat at. tlif wilier Iliie. 'Itnit- ix. the eurtb 
) l.-i.li. more rendlly to tltklurtliiir fore.-* In tbti V S. ill- 
r.H-tli-11 ilmn In the i:.-W. illnvllofi. Twin- onfh .lay 






fig. 2.— E.-W. Mean of all obwrral!on«, M-nii- 
dail) lunar tld». llotlrd rurv«-, obwrrt-d Talun; 
fall curve, 0.7 »t calmlalrA 



Kilt. I.— K.-W. Uotled mnr, obarrtrnl valura; 
full rurvr. 0.7 of calrulatrd. 

Ibi- inrfaci- of tlw -ml Ml .iirlb rltH-s. mnl full» iiIbhiI a 

IlK.I. 

•fnl-. r.iiitl b, rntlH-i- iiii*|ifli.liii;, ai tlwro ni^ipiir* to 
Ii- no m|iii|iIi- IV.IHHII nh) tlw enrll. iltmiiil u- more rUbl 
In in. Iv-W. tbiui in mi X. ft. .llr.ftl.in. Tin- n'-otll win. 
Iiovrcvi-r. fon-^hii.Kiw.il by Sebw«-ydnr. In ill.iciiiiliii: 
Ihn ol^-niitloui of lin ker nt l-ol-iUni- A. K. II. 1-ive 
\uir iiij;>f.i.t.il Ibnl II..- eft.il nui.v In- ilue lo tlw illilor- 
llufi cinp*ei| by tlir weiicht of Hie i-ct*hii tf.li-H iiutiiin«t 
I he edire* .if I be rmittiiftitn. 

Tlw IIiim^ of htuli tlib* aliuiff the ^eaenaiitA with ref- 
ereiir.- to il..- inoon'i |i*».ltloii nre. of ronis*. very 
Irmtular. but if theie Mii-mion* uniim-i of wnl.-r were 
Hum: aKiiiii>t lb.- .iio»ti. ut tbe time Oi.-y win- diw to 
rl«- In oliHlleww to tlw in."iirn nttriirtUitiH, tbore run 
l» little nViubt Hint the elTen u-oaM lie to reduce a|i- 
titvtlubly tile rait an.1 ...it eltrlb H.lra, HUl IllUH lo 
iiM-nvw.- the ati|«reut rUiillly of tbe rarrh In Uil* dl. 
ni'tlim. Hut tlir- .ni-mi tub* nr.. mi very <iini|ilrx ibnt 
li.ere stjiitoJin. to 1m_- little pr.«K|n-t of unikliix accurnte 
ciilnilnlkini on tliln i-iinl nl pmriiL 

A.UIed tdcalltraner 1» iciven to tbe pn»dblHty thut the 
ocean tliir* lire rrH.tMmtilt.te for the dlffcrrltrv betw-eea 
the K W. and N.-s, rlitWIty by a conilderntlnn of Hi* 
ilnlly. Ii».|.iml of the -^-inl-dally. tide. In redoeluK tbe 
oJwi-rviilSim-. 1-r.if. Mlehi-luiii foniul that If he enniikl 
eml the tide or |»Tli«l Kfli hiinn lilHrei.it nf tbe 
M-inl-dnlly tide, the rati.H of ..l.»erve,l lo c»iiiuted 
tlll.|.lllllil.-i were : 

K.-W. . 0.72 

N.-S O.0B 

Thr agreement here I* imwh Iw-tter than for the 
»Miil-rtnlly tldr-H, but in t-Tof. Mlcbel-ton liaa nal.L If the 
l/OTe-Sohwe>il»r theory la enrreet. we would hntr ex. 
Ixt1.i1 a cttiiWrniblr ln,-rra»e lo the K.-YV ratio, when 
tbe dbeliirlilne etteet of the ocean tlilei wui elltnlnnl.il. 

Of ni> Iid. Ini[itrfnit.i- Ilmn tbe rutin of tin* olMerrcd 
to the conilHit.-d lilliplitildtK l.i the .|ilri.t1oii of tbelr 
nttreement In |ibii.-*r. It wan fonmt that tbe riiAYlmn 
anil mlnltnn nf the nl.iervp<1 and otniiutiil tldnt or- 
cnrre.1 almrnt vxaecly nlinultaneously. Tin- illltererjci* 
lit plume ^l^l,W,rK a mniKure of the pla.tl.-lly of v1»- 
.iwlty of tbe iitrlh. If there la no dltl.tv-nce In pJinae 
iHHweea tlw olt.erve.1 and miilplll.*.! tlik-i. Hie dLitor- 
tliai of the .-artli «I.h-i not Iiik 1h.*1i1iii1 the tldnl fimw 
I. e., for any jilx-n viiIim* of the forrr the dlraortloni 
<|.i*i ii> »t tend lo lurn-iiK* with the tline. If tlw re were 
« lillt In the enrth Hit.-, It would Hirow tbe ubertrd 
water tl.1.1. nll.-a*1 of Ihe ctllHll.il .tin*.. Thl- l» ren 
deml ntivlniiiK nt oi-o* by nn aii|iro|.rliiti- rrraph. In the 
•■.iliK-tlotj of the oliwrviiHonis I'rof Mlchobwn f**ini<l 
Hint Hw N. S'. tlden were ti-ltllld the OoBipiituil omi. In 
thr momi, by nhout S4 aecv.iid.1. Thin laic <mu1.1 have 
id the amount l» well wltblu Ihe 



limit*, of otwrrrnlLmiil error. In Hw lv-W. |.l|ie Ibe 
r.iluelton tihonii nn aeit-b-ralloii of :Ll* mllintn, Tllln 
amy lie n real ii.i-.-lenitloit. lint tlw c|unntlty b. nut f.tr 
finiu tlw limit of accuracy of the ..lMerraitiina. mid It 
[-. iid -unall lo be mcnrdi-d in Illicitly iimirnte. 

Tlw liereenient of iibn-w- bet Weill Ibe ob».-r>«l and 
.-..HilMl1.il MM In of jrc.il inilnirtauee for tlir th.-orlei 
.*r plaiielnr) ev.. lull. .ii. luirwln'n tbrttry of planetary 
tlfoitoii. 1. e.. the breaklni; oft* of tbe Mlonn frtiort the 
enrtb mid llu *iitiw.<r|iicnt willidrawnl In Itn prem-llt dln- 
ram-e. U lni-.-d on tlw atwinnpllon that H.hn eiisl In 
rl.e nollil inn-eei, wlili-ti nre of a vlntMiti. and not an 
.-Ijlitlc elmnietcr. If tide*, lire r]ll»*i] III n vlnerwn. Itrtily 
lie i^olulK-rniwi- are oil rrlnl mi*! the line Jolnlnn Ibe 
cenlcr*. of the Ih.iU.-j iiihI tlw difli-reotinl liall on Hie 
I r.n tilM-rmice* nclH n>* a tirnkc .in the motion*, of Ibe 
HV-.l..|u. Tin r**-iilt1im i-rT.i-l I-- to slow down Ibe rule 
• >r nilnlbni ninl lix-1-.-nne Ibe .IIhIiiiio* U-lwe..|i tlw two 
.hmII.**< The tldnl Ibn-ry of III.* ev.iblllou of tile liboon 
•li'li'lMlr. clilelly on the iiv«nailillnn tllal ntieb tiijei rxlit 
In tlw enrth. 111.- n*>nlt» of Ibis ex|«*rimrnt allow Hint 
Hie .it ri h iihh-11 Hj-Hi. tu linn mil uniU-reone tbe evolution 
-nH.,~...l by imrwln uiiIi-hh tlw Interior caidlHnrii were 
forioerly vii -itly different froru wbnt Hwy are ut itreneni. 

Tn^f. Monllitli'n caleulatiolii nbow that if tbe ratio of 
i lit- obM-rT.il lo the rnlrviliitod t)di-a la taken at. 0.7H 
iin.l lb.- a.-relerntbii. of phafto ns Hw metin of Hw K.-W. 
mnl V S., I e, l.s mhiiitii.. the Dienn rlicldlty of the 
enrib Ii nlniil X H>". nml Ibe vltteu-.lt> in 10» X 10-. 
in CM.tt. uiilt.i. Tbejae lire of the onler of mamltuile 
of Ihe rtCMllty and rlwoKlty of »tneL Thiw illlcnlil- 
iIihiih tiMinme that tlw .IIMoriliH. decrent*en Id Ke.iniet- 
I'iciil itroure-wloti ai Hw llute ItjcreaHet. In arllhinrlbwl 
lirovrewili-il. and Hint tlw inltilltUK-e of Ibe enrlh i* 
horoiitfrlwou*. ii uioilltlou which dnea not. of couin*. 
.-vl«t. We only nay, however, Hut the earth tlibw are 
;i|.|.n.»l.l.ately wbnt tlley w.Kllit l» If the earth. 
Ihl-ouBh mid llirouifh. bud Ibe leroiirtl.i of onllnury 

Heel. 

It would be a mailer or very treat Intemat to lure 
-Inilbtr wrb>. of oliwrviilliain taken at vnrloui pliKi-i 
on the eurtb. I'n.f. riininl«-rllb li very hoH-ful lltat 
llw whole iTotilem of i-reau tide*, now to Intricate and 
ntipareotJy intuilrable. may yield lo InvetitlicatloikH cmi- 
<Iii.-1.hI alnns llimt which tnke aceoiint of tlw J.dnt ac- 
tion of the wuier tide and Inly tide. There can be no 
doubt, in Iw ln.H i»i|nl.il out. Dial Hw II.Uu in uamiy 
lilartK are Inrtely liilluenciil by Ibe nirklnic of the 
liiudaK. It vroiild In* iMi-e.*<iary to cmilnt-t u numla-r of 
IllveHiUlltloto. like Ihe one herein ilewrrlljed In dllf.-lelll 
l>«|.,n» to idre lb- Unite klMlwbilt{|i of tbe ftw-ta an to llw 
.-.Mount .if llir IhhIv tide, t.iuetlwr with mi auiple iw-Iiet. 
'if lililN-ellutia irf the baiitn. ..f Ibe emut water cmmIU-*- 



fnrther InveHilsntlniit. of thin klml on aeemnnt of their 
iM'tirlnar. i^i vrjIcanlHiu mwl Helnnitc diMturbnirf-etc. Tbeae 
Ittietn^neliu are uIuhi-hI certuliily cruiiierted n-ilh the 
.•lunik* -date mid deem- of rigidity of tbe earth body 
and of lift different parti. 

It 1h I'rof, MK-IwIhoiih Intention to install nn auio- 
lunllc recordlnit device, and to continue tbe obeerrii- 
llote. nt Yrrkn. oiuervatory by Interference methraln. 
A rtiiudilernttly hlirher ik*j;ri*e .if tirerlalon la expected. 

In Turkey, where cement ia not uaed or hardly 

knowti, a i<ula.l1tu1e him lu-eti found that ban met wlUi 
rulber Kiied re-iutti wlwn aiifilled la ex|toied jditeea. In 
Itllilli; crrvliit. In wilier plllM. .-.iretilliT Jolnla In atotu. 
B.iorH. In folllitatna illul for ntltueioila other iwrrioe.-" 
where il-iuelit Would 11* rc.|Uirvd. Tile lalxture In ni 
rail i*.fiif lory In water an In ex|Mi-*ed itlacct, but It rmt-ct 
lie allinviil to l*r-Pnine tbitrolicbly dry before it U t-lllt- 
tiwrfieit. The mixture In ..Inked lime, llntieed .ill, and 
climi fltier. HVncriilly a h.illow.ii-out atone 1* med. 



pn-ceu. Li ilnrlnl by |»mrluir Ihe oil on a handful of 
cotton, after which the lime la dilated la. It lit then 
kueadul until the whole in thoroughly mixed and about 
Ihe conmnteocy of dtttuth The more II In kneaded th* 
ln-tler II beromoi 






























































































































































































(v'iK, j, — \.-S- Mran «f all obwrrv al hnih, N**ittl- 
daily luiwr lidv. I>oII*mI corrr. obtirf-rrd valnrH; 
full ctarTt. 0-5 «l r»Uulat«I. 
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The warkiaK chambi-r from which the pklurn were taker. 



On board the werkinc b»r«». Tkr operator ahem la dWrnd. 



Moving Pictures Under Water 

A Now Apparatus for Making Sub-Marino Investigations 
By Kcvillc Glcnnaa 



K\<m from the of divert who have de^vtuted 
mi tin* edKoti of the OOUla Ni ii puny dV|*li of n him 
dred Awla we Off In Ignorance i»f what ll»-> U-ueitlh the 
WilVe*. Alld ||M diver*. With lift- limited Held of taV 

••'rvjiilmi accorilcd them !■> Mm* crude apt'thince* of 
I heir trade, luive Into iiblr to li*H a* hut little 4»f the 
rut r iiiv «f thing* In that vji*t nm beneath the water* 
which ctnhran* three fourth* if lb*' oarth*« wurfaee. 

Now the rhbllt* of I hi' deep U about to !*• waived. For 
luuir* nt a lime men have **t In nmifurt fifty Of -l\i> 
feel beneath ihr Mir fa re. where they have xojokrd urn I 
talked ami breathed ti* naturally a* though un *luuv. 
And they looked with delight nt the w ohiletv and heaii- 

tic- of »t|ttHI|UtHM|»4 furvtttH; •dUlIied fill- t iliitKltld* of 

brightly MVP tod tmiitcal IWi ; watched with .ucreajdng 
ndmlrutioti nwl Mirj'riM' the imiMtruma afforded t>> the 
lin'cttkr length* "f n coral reef, ami «tiWmil with kvc 
tbe akeleton* of nitre iirmol Mhl|w lit live) rewird where 
they dlwipircarvd from buinim km rcciMTatloiiM ago 

Wlwi UMM turn miw beneath tbi* mii they ptmtu 
graphed, und *mic of the wonderful |4rtiir.*»i 1bx*y ac- 
curcd art- here repnahieed, giving In tin* reader* of lhb» 
pMMIflMlrM 'I'- BM authentic motion picture views 
etCff taken In tit** dejMli* of tli«- iNHMin. 

While It L* true that tin* greatest depth aehlered In 
tlie*u* experiment* i* imt greater limn (hat fretiiMMill} 
WfWlhrtl hj* direr*. It wiih dtmonntratn) licit a hhiul< 




Man around a bailed hunk. 




A diver at the bottom nf thr »ca. 



fur deefivr trtftv ItKu tbtr uukuitnu wat«*r» bu« bfvn 
found, und thiit tbt* llnw In not fur dhtant wlwn ir will 
Ih» vutsy lo pi down wTr-nil htindrvd fret. The tppaV 
ratlin UNfrt In the .•\|ntIiwm(h wan wibjeetrd Ut n lbi»r 
ouith exaoilruitlon lit the Norfolk tuivy yard by <ifflrer» 
of the navy, who rrpcirti'd that It would be |*erftvtl> 
wife In It* prewnt form of ei>n»trm*f|oii at a de|*h of 
WW fe«-t. Ti» utake It Mr-iuu t-ie'iixb to ku even dc*iM*r 
U Hluitily a nieehtiulcal dHall. 

The exifcrtmeutn lu Ihr w »ler>. nf the KatttiUM were 
mmle to woenrv a nrlefiUlle wxitlon-plciure Aim that 
wouM i-hoiv (he actual etjiwlltlotta on the bottom of the 
nea. ittHl tile dally babltn of the many form* of m<a life 
thut iiliiwnd lu tbe watern of the tro(dei4. Kefi»re ill 1 - 
arrlhhut the MJT In whlrh Ibe nlii*toi{rii|ib*< were 
eiirod an outlliw <>f the iiHMiralun u»«ed will irlve un 
ItiHlifiit Into the no- -haub-al feutureti of ibe » vimtIum ij- 

Severul yearn nto CnpL <*. Wllllummni of N'nrfiOk 
liepm worklnir 10 p0l4M «» Invention Hut wmiM tuke 
tlM> bJimm of the ordinary diving ault It wan bin UUh 
that -tine uienri* ihould he develorn-d by whleh a Ban 
■ •■ii Id go douo luti> the wahfff Hiihiinipt>re<l by weluhiv 
rofH*T4. miuiiroMil »lr, or water pnMttll Kroudly eon 
»ldere«l, hl» ii|iMirtf I- In three |«irt^: ilia tSnaMiiL' 
ut any •oiltahle dmliru : (2) u mi tin ht* I Me Ut- 
miuul oitrratiue ehnmlM'-r 1n which work or ••i.M<>rratlun<t 
run he carried on at the iM'ltuiu of the wati*r: ami till 
a ci*Mn|wlble. flexible tube of ui«*ImI c<>uui>etlng tbe 
floatlu-; iejCM-1 und tbe nubiiMTalble chamber. 



Tlie inalii feature of the Itivenlhui l» (he tulie whleh 
U made of Meet wort Ion* of t ur>lnu lenifth". I '-o li rM*> 
i ion hut« mi ii|tf»er and lower lliitipr* and IIwm 1 an* crni 
niftiil Uy u net of aterl blnx'e*, ho uiTiinmil i»f t<- o(n-n 

aikd abut along nullal linen to the axl» of Uh iiiIm-, but 
lit all UtiM*a to fit uicitliiHt eiicb olber MO ClrMrljf an In 
Im- water ttirht. Some of tin- miibxix liaic ouly DM r*et 
of hinge" and when «-»tlla|i«i| tin- ll»nu r >*> IDal upon 
each other. In the T - - * -- ■ hccMihim there un- ***\i-ral 
sel*t of hlH**o-t Joined to eadi oiln-r betwifii tbe upjuf 
und lower Datives, \VlM a n eollaiMed tbe> Mnnd aUtut 
three feet bleb, and are elcht feel long wlU'U extemlod. 
The HectlofiH rail In- lifted to etM'b ollief rMaW^i 
the length of Ibe lutie tbu-t mubititl aa reiuired He- 
ro use of tbe eullapadtile nature of the Mcetinus It U ajOa> 
nihle to eaally nulHnrrtce the IhIh*. Anytmr wlvo hn» 
tried lo pu»h n large bm-ket IhMIoui downwnnl Into the 
»* uier will realUv wliat a difllciilt tlduic It ia to dra, 
With tbe collaiwlhle lube etieh •srctlou dlnplneeN a Utile 
Uf» than Itx own weight lu water nl the »urf»cc wlken 
exlcndett; therefore It will nlnk Hut dei-i»er tlonn the 
l>re*Kurt* of Hm 1 waler ravcrcutm** this inhiiuluge, when 
tbe tube a u tenia tii nl lv eolhiiwcH. NTtloii l.\ sect ton, 
from tbe bottinn upward, n ltd an caeh wi-tlon • !.<•• - if h 
wcljeht reoiiiltw the antne, hut Hi* volume of dli^ilar*- 
tttoat fTowa teas. By thin mcaim Ibe eoulhttuil addhu; 
on of sections at the iwifflltt forces ihiwn the wirlbiiia 
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The divim bargr. 
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Ih'Jou. The uperutliuc eliamlicr Ih h I lurried to Ihe but- 
ton. hHoi 

The (den of taking *ul»tiiurt.ie mot ton picture* enuw 
In the HtxiM of tin* Inventor white watching the prwjec 
lion i if ii mieiillhV film nhowliu; Ihrii awluuuilng In * 
Hiinll glu-** u<putrlitni limk These two bo)' a. J. Eruiwl 
Williamson and tlrorgc M. Wllliiitu*ou, hud worked 
with their father In the development of the lube, unit 
l hey at once net about ttrranglitiC e»nerl«R'nl8, find In 
u few wwkn hml wtuml excellent KiMimlkulit of flab 
awlmmlng a lung t tii- bottom of Hampton Honda with an 
ordinary ciinwra. 

i fiitx* the-* i>luiti«rni>tiH lift itn argiiine-nt, they foranHi 
■ rorimralbm for tin* pun*"**' **t waklig, plintiaf raphb- 
rrcoriH of tlM MMRfa iMttam »V» far «*UW0 feel of 
nnirvi'lmH film |4c(urttt Iiiitc brcit taken hnieulb Ibe 
ocenti In tlw* W'nU Indie*. 

The Wtllhimson boy* de*lgiird n apcciul chamber for 
the photographic work and a Ian drew the plana for n 
vt««rl from which lo lower the tabe uml cliuuiber. Tht« 
rim m tier Ih ii hollow aphcre of xleet with an i 1 1 t I ■ 
tflnrtW of r. feet, iiimI from II u cone of >toel li fcH 
long iiimI ft frt«t In dlnaietrr At (bo Inrge end project* 
I.Mii/.iMi.illj. Thi* cone penetrate* Die Hphwre. ami at 
If k Kiimll itid. where It t* I* Inche* In diameter, a at eel 
bulkhead I* fitted. In lid* bulkhead tlwre urn two 
trlttMM |M>iiM. :i Im-1i«-> In dbuneler, placed mie al*»ve tin* 
nllwr. whirl, iiro the eye* »f the photographer and the 
mmeni. The lurge end of the cone In clotted hy a piece 
<>f pluir gin** I Vfi inche* thick, whlcii wan inannfar 
tur.it in ticrtaituy caia-elaHy for the purpnne, iind In 
opIVmlly ItnwlPMM. 

To 1*1*] eel Ifii-t SbMH from Hie prtwurr of the water, 
gugcw uml | mi iti | k were liKlallcd In the xplirrr. One 
gage a how* the wuler prv«Miinn agalnat the ofiWde of 
llir irliiMx The otltrr Hhtmn llw air iwoHMirr wllhln Uw 
CMM> and the pump l« urntl to ninullxe thme prrw4un*H. 
In tin* rqihrrv tbi' nlr I* tbr *amr u* thai nhovn (lie 
wtil if, it od llir phodiurnplii r w»irk* umkr the Maine owi- 
dltloiiM hr wmild ex|wr1eiic« were he idiotogra point llir 
livtide of a liu i Id I nu- 
ll wan thr oriiriniil Intention that thr rirxt plctiirer* 
U- iitk«>n on Ihr I'm itlr <*oa*t, but upon the adrfc* of 
l»r. TowuntimI. OHVfeK of the New York Aquartuin, th>* 
TlahiiitMi iMbnitlo wt*rv nelrcled uk lielnic rlcunt In ra- 
rinl forniH of murlnr life and rarlt'cated rorul*, and 
ihr wiitrrw of unexrelliil elrarni*!**. 

Thr flrwt tllin wuh iiwde In the celebrated Ma rim* 
CurdniM al a depth >-ar>liMC from fifteen lo twentj'-five 
frrt. Thi*M- pinlrn* arc lit n nurrow iilraU brtwi<rn 
Hot: and Athol Inland*, and to* n tdrtinir current of 
atMtut aevrn knot* nit hour Ih coriHtantLy runnUm 
thnwijch HiIh eltaiinel, it wkh JumI the pluee to irfre tin* 
till* 1 » -vvi-rr ti"«t at the rery bctrlnnini: of the work, 
am) Ihr n*Hnlt win milnrntly Katlnfaetory. Hy moortnj: 
Ihr hurcr tu fmir anrbnrM acritMM the tide, anil then 
•ducking the cnbleu on otw wide and taklnx In Ihoae on 
Ibe otlM'r. It whk tHtfwIMe to rcwlnif with the title while 
Nr. tlreirory, di>wn In the r hum tier, turned the ernnk of 
hbi eanw-ra niul pbntoirraphed A pnnomtnfl of am bof- 
loia wonderful In the luxuriant growth that make* the 
Murine rturdeim au beautiful and unlike anything that 
can lie found nlxire the nurfaee of the wntem. Tl*e 
elenrnoM of the water and the perfect Illumination af- 
forded by thr xunlliilit comltm throuirh ft and atrlktajr 
tie- while eonl Nitloni wan remurkahlc, ami In the dci-p 
rrivHw* af the coral cavern* It waa not. iinimml to 
*mire |H>rfr(il.v n|Mjap4 iitirallveH ut l/TTilr* of a HeeiMid 
with h trtt* »{»it\ue • if wx 

\nl ofil\ iire I he Marine tiurdrn*. there iiMire hran- 
tlful than any In thl* purl of the world, but there are 
nuiny wrrrk* *trcwn along ihr treiielwroiiH ri»ml rei*f« 
w libit extend for ndb«« along thewe IxIiiimK for here Irt 
tlM* old tla.VH litany a Sptiitlnh ictIIoou and IriHtmire nblp 
u nd ninny a Spanish eotHpiM adore came to grief. 

In the shipyard nt \n*Kiiu the Wlllluiikunn boy* had 
eiMi»lrui'te«1 a nurse nl«out forty feet by idglitern wide. 
In whbii wn« tutllt n well of Mufik-lrut hIxo to permit of 
the imwdng of the nhfterTallon ebamlaT, whirh wn* 
handled by chain hohda. 

Tin- Wllllantwoii hriMlwr- li^>k 4iuinc«> of Hie entire 
ontlH and IIh i«M'rullon. bill they -reared Carl U 
tirepiry. an ex|vrt pboiogruphrr. to make the flrHt 
|4n>bigrapbU a llliu ever taken hnietitb the ocvan, nnd (o 

Ibexe IhriH- >outi(j nioti Ih dllr Ibe wottib-rftll himtvhh of 

I lie uiidcrtnkhur. 

1 'In ti.-crn piling under nod through water prewnN 
many new pr«ibleni*, a* rb'nwlty iiimI light valuea had to 
In- -ti.i!l.-l citreftilly (»► Inmiiv projH'T foetii and ex 
(MiKcire. Ibit prior b> Htarilng work with tbe camera 
Mr. fliayuiij and the writer priH«piH'te<l the water* near 
Nio-Hiiii ulth a gbiHHiMitloiurd Imwi. buoying locatloiiK 
of tiuiiHiial iMiiuly »h well an a numlMT of old wreck* 
I? lug on tbe *ltarp coral reef-*, and several deep env- 
prn* that were tnhablteil hy IhiMiHniul* of brightly 
colored fl»b 

Tlw Iwrcc wan named tbe ".luli'i Venie." In hnctor of 
tbe writer whose lmu gloat Urn *aw what the camera 



baa now revealed, mat It wa« ft eotneUlence that Hie 
powerboat that towed It was named the "Nautili**." 
Su|**thI It liniH our* at once decided It to be a good omen. 
U'hrii liMiklng down Into the water by mean* of n 




Hulk of a xunkea hlorkade runnrr. 

wnler gbtHM tbe trgetatlou at the *rm boltnia U iiiiw-li 
foreshadowed, and Uie grcalr*t luight la, aoeiali^gly, 
ubout three fkjft Through tlie rUikh of the chaiulier. 
however, tbe lieautlful ferii*. *>n palm*, uml otlker 



Hint preparing lo dVacnid ia >■ ordinary 
diring Mil. 

upwloii of sutuuiuiMMiK srowth lire mvn In Ibi'lr full illa- 
iill>' «s llwsj wuvo nnd irwiiy In ili«> UOf lo u lirlxhl uf 

Kor Ihv HrM lliuv litiniuitniiiua wi-ri> tiikvn of n u>«-|>- 




How the pictarr* wrrr liken. 



ns (IIvit worklnic nil a urii'k. Nmir Nnwiu llwrc Ih 
Um> bulk of mi olil IdiM-kiiiN 1 ruuiuT Ihnt niino lo icrlrf 
durlux llir I'hll War. 1>Iiiic at a di-iilb of nfi? Iwt; 
iii.d aotttrred ml llw lN»llom nmr bi*r iirv whim> niM- 
rm'rikKt«^l cutmon and ninny cannon lailla. Ikunrr Wll- 
llaniwai toIiiiikviviI lo la- a diver, and nllliouuli bo had 
nv'rr lai'li brl»«lll llbo Mlrfacv In Ihla iojrt of cnrti bp. 
fore. In' L'nnii'ly nviit down and xcrolliMl at«oul ttn> 
wrrrk, ptolilnir up ranmai IimIIh uml Hondinx tlotn an.fi 
In ii wire Imak** ulUohiil lo a lino, and wlillo «• rn 
icaieiil, Mr. Itreicory. safo uimI dry in llw- ohinnlK-r. vran 
idiutineraiibliM; lilm. 

Auoilior lnn-restlnc lilm wa« inado lo allow llw ru- 
llre norklusH of III.. »|hhii», llldualry. Thi* rlret of n 
buiMllwl or uaoro n|miiiuo Min«>iwn« whm OIiihiI al rbo 
i|lla> In NaHHiiu. Tlw hiiw n-aa thru towpd out lo llio 
'-t'liueo tHiilomN, iiimI tlw obainla-r liworoil wlwrr a full 
vlrw of llw a|Mincr« oonkl Im> liad. Iimiitid of dlvinn. 
thr apansm vm n bucket with a (tana hultoin. Ihroaicli 
vrblrti Iboy can loo* down lulu Ibo nntor. Whrti (hey 
M4<v a h|«iiuco tiiry |wnh lUiwn n Inns pole Willi two inill 
hooka on Ita oral. IwUi llw bouki* lata Iho roata of tin* 
»t«inm- uml |iull It fnnn llx tail iai Mm- laiiiom. Itila 
proeoua vran |iho<iiuTii|iluil. I«ilh l«-l<iw Iho water nnal 
• ■II IIh- dtrk of Iho M|k>ngo (Mint, nnd tin* uiarketlh|{ ami 
trimming of tlw *|M>ngoti on »h»ro foltotitnl 

Mauy feci of lilm were wade of the hundred* of dlf 
ferenl. klinlH uf r.-ii Mint nlHaiinl In the llohumii VBtCffa, 
s.. in.- were ciiuitht an llwy awum nlxmt In i in ir tutural 
Itauiila among llw enrnl nt-fa. and other* were lun-d 
eloar up lo llw rbninlaT hy iniillia of n hnlliil lino, 
rotor plntea were taken In la' U'ail u« a guide In rotur- 
lug tlw film hy Into], Uml llw world tuny M In 
ilielr minimi llnln tlw n~li. ilu- arraeha, the reafa, ami 
Hie marine ganlefia. 

As In all trofdeal wnlem, llw bpii arulllid the llnlui 
mns ahoiimla In altarkn. uml u aim wa« u«'iirr>1 uf u 
Uallle Uelweeil two of Ibeae DOMtm S|kh'Iiim'U« 
eighteen mid Iweuly fret king lire euintunu and no onll- 
nary' «lzrd halt would hint long ruiwgh fur llw |air|aaa- 
of nhitfngriipiilng them 

However, ufler unwinding many mllea of Brlllnli nil 
ttpik for Ibe luw doea not piraM an iiuliual lo be wan- 
tonly killed no matter Imw Imniwlile of work It may 
Iw. u lame home wan aeeuml uml nut to death by a 
•invtnl agent frian Hie 1'nlUv Ifepartiueiit, at n eon- 
reulenl pluee un Ibe abore. from whence It waa timed 
out lo ecu and anrhonil In the wuter near the a|ipa- 
ratus. In w«» than an In air after there were twenty in 
twenty-live of tlieno huge neiiTcngera of the twa milling 
amuiMl the hull. 

Half a doaen of ibeae nKUMera were caught with 
large book* attached to chains, and one of the lnrgexl 
waa drawn to the chandler lo penult llw taking of a 
good vtew of hla ntraggle*. A portion of Ibe hunch of 
meat which waa uacd for luilt |ir<itrudiil from hln 
Jawa. and while Iw »tniggl«l tliu^t. ania-her huge aaaUt 
xwam in view nnd wrealnl it from hlni. HwuIIuwIuk 
Ihla at n gulp, Ibe Dewromer awerved awny a few feet 
and Iheu turning wllb open Jnwn, dnrteil like an nrrew 
nt Ihe flab rilll Imprlaoned by Ibe hook. A rattle 
Hfal follnwrcl, each liiiiglug with o|>en miajlh. nnd 
tearing one nnother at every nvnllahle |ajlnt. but <ln- 
•pile tlw book which atlll hung tenarlinialy to blx Jnw», 
the wounded aliark taat off hla oii»ioent. Kvcry move 
mint of IhU iinkine bnllle In fulibfiilly reconled oti the 

Many pterin linic born wvltlrl] nf IiiuhI lu hand em 
MM U'lwii'ii men niul iJiarkx. hut when II eooirw to 
lliidiug a mi l lie dlier waM will ailually go down 
ann.il wllb milhlng hul n idiuii knife, and engage III a 
>ingli*luilidei1 iMiulnt with AM of those l-niti^ It nwaua 

iintsldemhl ore Ihnii Ihe evi-ri'lse of u fertile Imagl 

ii.iilun. Such a mini was at last found, and mot inn 
picture* made nf n naked diver mei'llng .me nf Umaj 
kings nf ihe ihs'|i In bis own elenietil. iiihL earwplug 
tlw yawning Jaws a* a matador diwlgrtc a bull, with one 
swift llirnsi qotrerltig rfcl landing u dmlh stroke in 
the monster's vlluls, 

A New'Klenwnt in the Atmiwphcre 

Hy r. W. .istaa 

la lib. sliulles mi ika i»^ii|.,. ni)«. .1. J. Taaoanan a* 
tallied Indications of the presence III tlw air of a taaly 
of atomic weight about 22 ami giving u line ncit M 
mawi. ntomie weight 211. (hi cianllimlng thi* work the 
eoncliDdun Is renclwtl Hint atmospheric neon la a mix- 
Hire of two gaww wbh-li are identical lu all llwlr nrnp- 
crib's elcetd Ihelr atomic welghla, which are. res|iec. 
Ilrely, tail ami 22.1. Ity .1.n«l fractlonatlm,* of the gas. 

iw, laajler, hy using Die dlrTuslon method In onaj it..n 

with a new i|nartx*llsk denslly halnuce In vihlch nr, 
cubic centimeter nf the Bis la weighed against oxygen II 
Is found that urdliiary iwon mutalaW nlsoii 110 ts-r cent 
of llw heavier gas. which diasv u»s! ap|asj( b> t>e a nai 
1h>uiu1. Tbe «|asira of tbe Iwo gawa are apiwreutl; 
Identical —Kftflntt ting. 
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The Flying Machine from an Engineering Standpoint — I* 

A Review of Recent Progress 
By Freikritk William LunehtsUr, M. Iiwt. C. E. 



1. Tf'iV Air f stiraliVm if «* fnv J''im«r«( lV'iiif. In 
n|<|«rn4ichliut 11m* subject of Ihc fltilnr iiaiirhlm* froio the 
cuitiim.rlin; wtitu<1|Mf4iit, 1( l> ile-lriilih. to devote ntteii 
• Ion III Hie llr»l liv-tn I" the »lr ciislileml im Ihc 

elMing ni.«lcl >ira tlyliur mitchlne mrT.-. It* onv thmuirli 
Hie iiir ill rvr-tilltK-air tllitlit us If *i)|.|aortnl nn a |,T 
IHflh lillil trm-fc-n fur more |»-ifii-lly ltila-1 truck tlkali 
Hi.' riillavnv cmrlli.vr Inn hitherto shown hlnwlf •!.!- l.> 
Lav therm. I 'aiili-r »<ich fotnllllotis live 



iiw ti ■ 



// V 

S II. + V"' 
from which thi' <wiii|ali>* kIvcii are tihittctL 

It will In- ami thtit the seilim mcnprlan two lu.tnbki 
s|.,ual «h«.i tlrst. no lint.' til 
No, 1 : mihuiiiIIv. the enact aveml drvie N.i- 7. 

The tlltcht iwth*. or "phui^iUU,'" -Non 1 to It of lesaa 
itiD|>llriiclv Hum lbc iM'nnlrtri-U*, nra- those which are of 
chief oonnrii fnwi . -nr |.r.»»-i.t point of view. Ihc etisasi 
hoiot.il the M'UlU-irrap. Ill which the curve ha* ou |*ilnt 



oocll In l ioai iiiitl ilittiliilsji the |«ith laiiitilllitilc. We mat 
IIhih Id nuy freclHithl aiulrl, or (lldi-r. have the fflieht 
laath unstable. Dcutrnl. or iitiible." a«VY)nliiiie to which 
< If i-lth.-r i Inrliicncc lawlojuliMtm. In nn artiuil flylin; 

we naav also hurt- llac flight |«lh 
in-iiiml. or stable: but here e\|«.rlelire 1mm i 

II sklllnt pilot i% well able to hlimllc II 

ttioiiirti Its mititml rllxht i«tlh rainy l». udmijiI4c: Hi nolle 
of llil», nilnlliila.ni slums tlMit. sl-nkllix | 
Anwu l.nbav ure nut fur. 
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fig. J. 




sfniei.tr miiilris. lo kinm the uelirlit ami o,.|.Viclit of 

Iriirtl t 111.- liatntllnf. the lelollv of ftlithl. Illi.l the 

lii.t vbiitim trinll.til ll Ik rn|iiiml to cllnih. the iwoliirin 
Iheti maolvlinc llsclf tut., the |ir.n Ui.-ii of u awt |.r..- 
l«-llcr i>t miltleleiil illiiiiactcr mill »|.|>ri.jirtiile |illih l.i 
silH.lv Hie iienwjir.v thrust rewclioli. anil the Httlint of 
■a ui..ilve-|".wer enitine iiuiU. If nmwiiry. ciwrliitfl lv 
OHie tile whl |.rx|>ellcr 111 Its eorn-v< n|»s»I. Tin' ll«.r>a*- 
|>.wer nei-Oiil Is <nli iila>..| Jn-t »> in M |iy Mller mat of 

l.r.fliulsl r irtirtlnti, In ndilltlon. IIb- eiiEiiwr nea^U 

t.. !»• »l.k< t.. eaknlnle the sire*--. li««-.snr} In Hie 
ali»Jltll of Ills nerofoll alll.l fllM-litite »l rueture, aillll In 
x siilljil.le iillfhtliur ctiii«.l», »'i.t the iircsenl. 
sunie tluit we Iwtve to ileill with a nuichliie 

In tM'Inat. aiitl devot r iittenlloii 1o t>M- |nvnll» titles 

iiimI |iretsTttes ef tlw tierlul hltlhiniiv to whlrli Hie idh- 
ehlne hits l» !«• n.liu.hil mill to .v,ln|.| it —1 T, In Kite. 1 
is ri.|>n~™t„l the HUM of n hvii. tlielU.nl mu 

ehliie, |.lol(e,l fr..n L. III. num. ill eijitulkiti. Ttie 

111 IHir lirll.nl UMll hllae illlters fr.nn ill. iii-llliil flyltut ID"- 

i-hliie. ..r jtllder. In x-h n» 11 l» .is-nm.sl to In' i|iilte 

sniiill In c-t.in|<arls..h t.. Il.e inliiliuiiiii rinlliis ..f iiirue 
tins- .if lis llitlil toitli: il- ivln.le muss ts ink s .-..n- 

i-eiilnHi'l Kl lis is-uler of trilVtt.V l.s,|,s.s]ljeit|l> II Iijh 

"•• ileum- I Inertln iiU.^H It. Iraiiairisi. «\lsi. <,n.| 

It Is presiiuusl to ev|ierl<.|i»' ".. r.-i-linns. In llltht. or, 
nllK lv, It I. sii|.|mm.s| 1 1 ■ hin-e a |ir..|»'IIIn< fonv 
Iillili ntiplhsl eij.lill 111 eviTv Ir.sliint to lis is'sIhI- 
iiiHs-. Itef. rrirnr to l-'li: I. It Is s. t .i il.oi ||,.. sirulcht 
lb..' Miclil iMIlt Is iv|. t »T.enf.Al l\i ^ iLnrU.silllI Itlw. lullh 
.N.. I: ln^Tv It... vel.s-iri of Mt.- niiirhlik Is .S|ioil h. tt.nt 
ni.nitl.sl l.i „ Is «|, f.illli.i: frn.lv throi.irli .1 .llsliitin. 
//. ,,H,.lll.,ihii: Hie .listiiiKv t.li..,.,, lli.-ln |s,lh N... I 
;iinl I Ik- ill. I ma. lino li.r IM- I, a |. .| Im'I e-n I nail, tilni' 
there Is ,in Inl.i.h.. i.iiir.l. i ,,f other |s.sslt,l.. Mlxlil inalliH. 
tin' e helv st-rl.s. ts'ln^ ri'|n.-»^it.s| t.y tin- **iitiili..n : 

••II.- a,,-.- 1 .,rf -I |.-f;r. .f.l|., r ..t '.f.ite t l.i' IllMlfil 
..f I I. II al.ivlr . i- „• lln, :." . ..in|.;ir. ■ Is., I sine 

Willi.. .. a |.l|er ..II 1 ,11 I ,1... ,.l,|, lt,.. :t l :|||y ||| V . T,.|,l s 

^'liaii.i. 1 aa e>l o SS Si | CM at. a: I '■' l.riinri ||th l'«U. 

li Ms 

• ii -|,T-.i„.,.,i t„„„ iv a.'.-t -.v.tIjI FUciit," tr f. w i J... 

■ '• - I >..l |j. 






nf Srirt.H tli.lt. Mini III Wtib'h IllP lUtirhilll' , |^•t»i , * •*"-* Un'I'S" 

ii hi M.r miiin mil) HiirF.^r.rin fru lu \\w ix.ii.i of v!l-« 
of th.- miilbraiiiHrUii iiim) 1l><- Ki, M |ri.( <.f -Irtck H>Hujr.- 
'ni*vt- tiittax-t*-,! *'i,rv.«t Iiiitt Iwii tn.»rt* fully j»l*»rt*»*t In 
Klic '2, hi t«H(i K1n> 1 urn) '2 tttt' vi'l'MJltv lit any j-nltM 
Is tbiil f«-TTf««|-iiiMlliii£ in a ImhI> ralUntr fr*s*ly Sntm tlic 
iluiuDi liiu*. TluiH, tfwn 1 lit- iioruuil itr indirnl liUbt 
n-ifM'liy 1 ., i tic waii- -if the chart it ArWttnU**^ h) 
.fllrOUitlol, ,.f //. fT..|U HIS- .N|IMll<ll» of ibit 



I a 



.M thin iic It. ii** iilrniilv rthitc*!. the fliithl |*Hli>* tTlvcn In 
Klin*. I m ml iv|r-rv*ent. slrlrtly HiH'iikltltc. * h> |»»jtr>**t- 
U-u\ miirliiiii' IlLMt only fnlntly ri-wiu !.)•*« nil artiuil mu- 
vUuv. (tin .llfT-.r--.u-r- Imv I. itl llrll.- . IT,-, t mi tlic mlMlty 
..f fiwM* lllcht i.iili ibiirlv I hmvf *ln>+'H* thnt In Clif 
in^ln til-- i-fft-.** <>f iii-.mi'or ^^f Itn-rlin nUmt tlw trn n»- 
wTh.- j»vla. i« lo s-:ni>>f 1lu> iiin(illtil<1. «.f tin* oNrilUtloi. lo 
Im-rrartt*. r»»> Hint lln* iijji'-Mih-. "r »,.M»T, will ihiik l<y 
liiil^rr-i-f llilf f«l ii fniii t^nr **iirv»- in iiiHiilit-r lii (Ik- 
tfiilir ttit-y *tr minilM'n<«l <iti I be rburl, i*Triituiilly IraJ* 
I Imvo jiNi> iSfoioimtnictMl tluit tlw 
..f ; , om^.i.K h-riK.iu.-*! jhf..i.til«lv.. r..i#v. In 

VU »f « f.inv iilun>> in »n,ulHNrliim whit t!ie rr^lnt- 

•^iii nn 



irtlHT. fn»iu thi' ii*?nlriil 5*tn(p- Krinn tbr rn^nwr'n |mlnl 
„f vim- It U iinluiiHirtunt wMhcr Ih.* (1l«ht -|«rh Mtii- 
hiliry I* InlM-iviil In the mii< lilnr. .. r hIh-Ukt. wi lo 
M|*ink. tbi? flii.«lilux tsiiM'lH-* Imvr to In* chin liy i|i»* 

|lll-.t lllOIM-tf. 

Tli>* |NiInt I wbJi lo makf rlciir til tin- lTtwht Jin-f- 
lurt' U tltuL IIk- cur.^ |rli»<tt**l /ruin n matbfcuiilk-jil 
.i|iiritloii. <U» iirlitafilly apply wilb n*n>miubU» t-xiMTtmi'D- 
tut i-xiuiiluiUn lo iimkii-Ij. am} lo nmehl.uw In nfebt. 
IhUH. » ilUtitrlitiiwy «nhig t «ii any m»M lu frw Itljihi 
-<•( u[i lavriixllc iiiiiluUitlvi^ lu the lllcbl imtb. uh<1 
tbi*r«* htiw. wilhlu IIk* llmll-t of i-xijcrliiwiital ob*M^n- 
llirfi, U>tb tbr iiwv |>rriod nn<| pbn**)* Vt-ta^th n>rrvM|»oni|- 
luf to thflr thrcirftl.*! v»lm-» til reUlloii lo the llljtbt 
Vfli*Hiy, Some rxi-t-riou'lital ili-leniilrialimii-, 1 iOiowIdic 
lln- n-nlUy uf UiH ivliiti.rti ma.le will. un»\*-l* la trw 
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apiillotluii In more <tt)a luan oim>. Aii.v movement of 
tlie tail-plane or "elevator. " f»r eiami'le. hy altering 
(lit? altitude of tlae main aerofMI niwa like nuK-blne. lo 
lx<r>mv m'lf-Mi|i|»rlliiR at « lower .«r hlRlwr velocity: 
that U to aa*. alters Its iiulunil veliaHl}', and «(• ihiw 
may reja-eaeikt such a chance in I be manner liidk-aMI 
In Kbs. .'I, Here a inartilm. b> presumed fljlius at a ecr- 
lalu velocity corrc*|H»iidltits to Hi* hcixtit /!„ lu elevator 
al the is.lnt it U iillered to wrre~lamd It. n lower Btjrtit 
vel.M-liy corrcsis.iMlliii: to a height a.; this U isiuiva- 
lelit in iiltcrlt.ie Hie -nil.. of lac churl at itml mint, and 
the ~iiI.sci.imiI |mln nf the machine la relircacntisl liy 
ll>e HiuiMid curve uli. Thin laith lltiil UIMleriM danip- 
llijt, ellli.T doe to Hie Inlieretit slal.llltv "f the nil'hl 
|Wlli. ur due to tile intervention of Ihe Jillul, lis sliown 
iiy- Ibe Hike it*'. Id the case of a model *»f Ulkslal.le flluht 
jMtlti, with in* Intcrventloni from Ihe trili*. the Alirht mill 
hwniw "lie of ainrmcnt.sl amplitude, art. 

When n nmeulli* |m Illicit with an etevnti.r lor adjust- 
able tall|ilatc) of lance surface. It Ik |»e»al.le for Itw 
ttllot to lake such enllnn churn* of hi* machine that be 
appears to I* deslmdnir hla own flight path curvea 
rather than muOlf.vliut or dumplm.' 'be natural <nrvcs 
of the eiiuiltloo. It Ik nullc true Hull thin In one wax 
to Hy: II l>. In fact, tbc old Wrlrl.l incllnaj of tlylnic. 
Ihe orlirluul Wright iiurtilDex bavins larcn furnished 
nllh it fnuit elevator carrylio.' Utile or no load. That 
Ivm of nmrhlnc. however, null lie re-.tard.sl as a thine 
of the na*!. The Wrbrtat machine could lie "plleit «|>" 
by Iniitieiiiloii or want of skill at any moment, and If 
oticc Its ItlSht Vcl.a-try fell liclow a certain raloe. either 
from wan I or ntlelilloi, ..u Ihe purl i.r the pilot, or from 
n witjil iruri from iilwfl. or oilier wise, the pIM wan 
iletlnlicly nan hie to restore lili normal tliithl cotnlttlon; 
II Is for thin reason Unit Ihe Wright tj |«.- of nuirllliic 
has luell BlulUIllllled. , 

1 <'il<u*lr»a*ir fa«f»M«f|r.— Before entirely "Hil- 
ling this l.riiiwli of the xut.Jcct. ntlcotl.ai will In? ill- 
rcrteil to a point flrst rnls.il t.y me within the last 
twelve month*, (linker the title of •Cutiuitniphle lost a 

hlllty." II la a ourioiiB fuel Hull, alii *h the author and 

other Investigators bad las-n studying Ibe i|Mintl<m of 
sliilriilty l.y various nwthisls for sonic twenty years more 
or less, and such Item- a* loiixltudlnal stability, luleral 
stability, and a form al 
live" riaMllty. have I. 

both tltroretknllr and eiia rlmcnlally, a form of 
Wlitj whkh may III prartloe lai fur more acrlouH and 



dcuilly baa unlll unite rreraUy ennipeil notice. There 
are certain tyiiea of (light model, of which the ordinary 
"IkallaKted piano" In an example, lu whkh the fllctit 
l«ath l« anihlmnuK. In Ibe cane of the hallaxh.1 lUan*' 
Ihe luUtlou i» guile ulinple: tlda t}|<e of miriel l« xi'm- 
metrical. It bua no "limbic down"; If himtclicil at tin 
correct dbzht vehiclly to travel on dljcht mill No. 1 
iKIk, 11, It bt («|iiiilly cniailile of tnitellnit oniin iilterna- 
tbe IliKlit mtli lulenwstlate to lliuse liilmU'riil II and 
li Ibe only ibiermlidiifc factor lietnjt whether at tbc 
moment of uinnrhluk' ihe pri—im> rnicthiii l» In an m>- 
want or n downward dlredlou, A very Kllnht want of 

nklll III laouchlllX oue of them? hallavtell phlliex SlVeX 

at mice the InreiiiMl fllfiit mtb I Vie. ^): lUiewIm* a 
ITILri in- dlrilirtinnce nelliur on n model of thla kind In 
rHaht may lie mlltlcletit lo liiverl Ihe ttljrhl |JUth and 
ib'ti^nnlne It* ilowofntl. Ktiuii our present point of 
Hew. retcardlntf I In- air an (lie -i»'rm«iieot way." Hie 
lioellliai la aa thoucli the nwaleL or machine, were con- 
tinually crottdni: a number of farina* lavtuta armuiEnl. 
not ipilto aa on a rallwny, hut In a vertical aenar iKlu. 
r»|, ao that the uinehlue U iilwuy-* lii daiuter of ImiIhk 
anllcllMl off lo all Inverted niirlit mill an. if an aerial 
dlriurl-urjce of tbi- rlirhl kinal and aulBeleut muiriiitude 

In my ojilnlon the •juindeMt way in uvi.ld t 
till' ciuae li e>|-rrimeiit III a wind i-hnniirl with 
intatcla, both of tbe aeroh-ll and of llw luacliine aa a 
wbo4e, premnil fnim the workluie dniwinca. 

Aecordlltc to Ibe cvldeuec that lula up |o the pma-flt 

la-en oillecttxl. Hw lift dliivniiii for any machine |-a«ie« 
wlthoiit break "f continuity from i»i«illvc to iincatlve 
viiluex. and the aiu-te of ini'llnaliiai I- a »lniili-vuli>nl 
funi'tliai of the preHKiire rea>*llon on, FIisk. <l and "a. The 
IiIicIiIiik nioiiient lu aofiie t»«* l» a curve of »lnillar 
character. ^^. Kit. «. in oilier cn»» II la of Hie form t>*. 
n-ra. 7« and TA. tile hitler of whkh rct'rcaelila |Ih- cnae 
of ihe ballaatcd plane- lu IHc « tlx- mmb-l may be con 
ahlered aa calarirophlrally rialile, hut In I'Uta. 7a awl 71 
lllere la liiatnbliio : there are Ibree jawldidiH, or attl 
tudea. <if tile macillDL' tit which the irifrhlOK luonjcnt la 
xero. the two mllix two. p, nral p m dctlulnL*. riMitertlvciy. 
ihe aial.le pualtlnm of Domini and upahle-<l..wn lllirht. 

tba machine |ia-<»ea from one atate lo the 



T*iu«- II. 



Analv of 
Plu*. 




• ITarllmlly 111" whi.k- of Ihe flWImllve l«lnm nf tike 
early Wrlatil iiiaralur L.v.. dlupvor-d lo4«y: to* e«a.i.pt». 
On- UIII'W martilar U a Iblaz lit the |aul. ni-«rly --very Inial 
era i..«.-Ml>i- la «lfd wllb a lall-tilaae. Tlx (i.rw.rd elevator 
I. ol^ili-lr or r..*rlv a~ The iwli. |w»t»ller h«a tlvca place 

Tlw co>r ilrlvca 

liano-.nM The v. 

type ... . 

i ..( II... iali.1. <wlne. tic >^> J 

i ..r i 

. .1. richl. at~ I- a 11.1..-: ..f the | 



In Table II aie -given nv>ulta of aruue ex|a-rliuenta 
i>-reutl,v carrkal tait with a model ntucbihe at the Na- 
tional Physical ljil-ora1or> Tlieai- were D.it dirrrleil to 
tbc |adnt Ui «|ueatiiai. but incidentally serve as un a|rt 




■itn-K-ri I.r u.e Wriahl BrolVrs. The »ln« warplaa . 
tloal runVW ln»llfc.v l<.il«ri- In ll»lf new). «»eratei1 
Wrlaht Hcih-ra fn.ni ..ae nmtriil v..-r In , 



*A n-rlaniniUr |.lale <•/ oatra. convenient ly orairi Inrk Iklrk, 
s Inthea t.y J lnrh^«. tM-lla«l>-«1 at the cuter of the I.a4tbx 
islcr. loiuparr • , A»rlat rtltrkt." vol. t. p. 3t:tl ; vol. II. p. 4. 

•The dl>A»tr»-iM nalnrr «f tkla wuililen [nvervion of the 
rtlRkt pall, mill Im* AUeil from tin- fart that It luonk In 
elf*, t a nai>|.lel* -vteriall .if Ken«1ly. Ilfc* macl.lni. la *<wt 
enitefl anwnarnnt wllh a fi.rr* eon.paral.le to lhat |.revlosi«ly 
sivloc It vupiMirt. Bi»fl any •—aw 1-^.lt. lnatTu»>emH, nr rti- 
«w.l», luel.l.llna the plhit hlm«-lf. are llaNe to be k!11<->vl 
aj the aaaclUne. »ho~ •nOara-i-nt .awl la «D upslae dowa 
fllani earrl.-d .ajt ..a II. o«. aenH>nl. The fa.la ..a tvn.ei 

r-fall-« to Ihe fatal aert,le,.< K. 5la>..r Urrelrk a < eu- 

ual Kljln* K'a~J <<>r|.j.-r :in» 19I.H |wlnt rtvonulj to 
1.I1IIJ aa tbc cauie. 
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illustcntton. and e..uuhl} rr.-oi the loiaia of Ihe plotting, 
KIs. 7-1 , 

lti tbe e\|N.rimeiitul flinirt-a aa tahuUtial. Him evidence 
of ciittnvtroplilc liialal.lllly- I* aiieii In the column headisl 

Idtchlnir nu.inent ; wl ever there are three chanjtea of 

Is eulilstmphlrally unstable. 
(I., or cmlmwd.l 

of Light Meamred by U«e of Thin 
Foil 

By C. D. Waal 

Tile i-ressure of tlw radiation emitted hy a carbon 
lililiwnl hliup III a dlslal.ii. of a few millimeter-. I- suf- 
llclelil lo cnitae a llll(-ri--«.v>].k-all) iDeilwinible dellerllon 
of the cimI of a sus^K-ciiksl alrtp of irold. or aluminium 
f.dl. and l.y this incutis the radiation pressure can la. 
rah'Uhiled If the wct-fht of (lie strip Is knowu. Tlie 
rvviills uj-Tcc to within ula.ut 10 |s'r cent with Ibe en 
ency density of rildialiiai us measured by tlw lultlal rlso 
of teini-cralurr of a isn>|a-r plate ex|s»sl |.< the nidla- 
tkin. Tlie laa.| n-siilts are ..l-talncd hy worViim In uu 
atlnos|ilicre of liydri-a-ell. at 1 (-eiillmeler lo 2 rentr 
melers prt«ature, liut tpiod n-sults are obtained with hy- 
dnu;i-fj at lltmi-spbcric presaare. Air at I centimeter to 
'1 eeiulmeters preseiuri. nlxi aivi-s itiasl result--. Tlie 
laelhial hiv..|V(-a in. hilorloux adJuntmelilK. and Ibe arm 
rulus Is not aerlously ufferle-l hy vibration.— f'kf/v. tin: 
I'rtM.: 

Nentralization of Chronk Acid 

By I. MargailUn 

Thk iirnc-rcsslvc tievitniliutjon *.f rhnunlc achl hy 
si-dlum hydroxide was followvst by the electrometer 
iih-IIxhI. nslnj; an eh-etrisle of plniinuin salurated with 
hydn.-ien Tile K. M F. curve w»s Interrupte.) hy two 
almost verlk-al im.iiI.mis ( Instead of one. as with snl- 
|U,nrU- new l. crrespoodhw resiasnlvely lo Ihe addition 
of ..ne and of tw» e.|iHvalenls .>f altall.— foa.»l.a 
n-raifu. 



The Lassen Peak Eruptions 

Are They a Renewal of Volcanic Activity ? 



With Hk* <I«vjih|.iUhj! i-fftfi!. »«r iht? Sum Kmiiil*-*. 
4-urlli.iwilH- still fn-Kli In mhwl. Uu. ..rn t >t*.>tw <m U*nm>n 
IV«k. rHHf.>niin. Nrr vxviWut oMiHkU.Ml.lf li.i,T*^t. 
»"«|«-eliinr "»i ttii» lUi'lltc An In wvt'H known, it 

wldi? un-n of onhifiy Mi.-tt l«c!i«U** imrlUiiif «.f <*«llf»r- 
okn, On*eutu WaHhlhiitMti, nth I Uluhi> wil« awv « v»*t 
vulmitU' lU*lcl, ami tlw |>rm-ii( fnijttl.mi* uu 1.* 
wliUh w*>» ..no' un juilve vicUhiim. i*w1h.' rln k iiik^Hou 
irluHlwr Un'.. *rv **1 * Y.tU'Jiiik* nnlurc. nutl tliwf.iro n 
m'Mcr t« Ibr Nurniui«llii« munrrr- S« far itwfv 
it- if apirar to Juivtr Imh-ei tiny imrtlmliirlj alnnuhitC 
>«.vni|>t"iik»: tmt «»■ J. S. 1-lM. r. n j*rmiiliH*tic 
«j* In u r>'|->.|-l t.» (lw» ' • -S- *ii*»>l»>cUTil HiiMvy, \Va>»h- 
Uifcton. "Ilmr nUiixr «**ii tfll." 

M. rti lit Riil ii I.r Jiiii) Muntit Slui^U. Ilie tprniit.ful 
<iit«,«. ho mnrh In pvIiImict* tt. Mm- imvi'U-r m. Mm- I'u- 
tilk* Ct*»Ht riihrili «tf Sun FrjutripMNi. ur** mm 1 lliiitliiie un 
ujM.Mlnlf riml In IpM«m.|j iviik. wliUh U |.M*i.l,v In 
vli^n- fnmi 11m- mflr«m.| r.if iiuiu.v mllfs In ilu> Sik-m- 
iih'uI.p V».l«>y tH-lu.i-ri U-l'IU.k' *(hI KlnlT. lii>t-ocn 

IStik t*t tlu- ftrnthiTti mil i»r lhi> i .-iHi ml.* Hum:*'. ihhI it 
»1mim1h l»t lui«i'ii tlio >U*m NVviiilii mi Id.' -.iilhciiM itml 
Ibt* KlniiMilti Mv..iiitiilh> the nnrtliw..a(i. Ii^ Invito 

I'nnHrtJ til Hlii'H l'.-;n-Jl till' S^fTllin.'Ml.t VtIU-> nil 

tlw .mm* ••libf 'in I hi- ntlitT ftirm u [»irt of Ihe vx«t 

V«ll«-«1ll.' Ilt-ltl. I'Mr* «-f lh«- /tfjitc-l In tli»- Yi..rl<l. tlllll 

H«fH» lu^ fur ik'pi^ < '.*if ft»niin. 1 tri-iroii, Wiirihln^lifii, 
at mI Itlnhu |« tin- VHIv.fl MniM' N;it.i-iuil l*iirli, 

"Of nil |H>rtlnii* i»f ilu' i 'iimimU' Kaiitrf \ a* >*•>■( t IN^k 
-fill n'inliiK Ilk. UrtciM ivinimiit »t Un mihi' rlrtunim 
i,ih-oiitc vwtuy. Murieiti miJ Snituii II«t Sjirtuj^ nnd 



Itiiini-ii-M HHI on thr Miulh «s *>H «h Hot Hiirliijw v«|- 
k> imhI tbr t«*tl1ittf miu1-l»Vi? TiirtiiniM .mi Hit H.«nli«»Ht 
biivi* lotiir nMrnctiij Hie Htlmtlun n.'l unl> «.f r*»fur- 
dUim inn m csjiiw I'xtiiit nf tbi- t.mrtNlN, k. ub.nu Ibe 
r.j;l..ii i. irmwlDi; more nmi«P.tlih? wry ymr. If to 
tln-5*.' iilMdy t^fii|j|lMbiil iilintctlotiM Im* HibUtl ii fre 
spunt icmrrt'tiiv of cli»* nivut vi>triintc (iIa.vm of )ji«mti 
lVflk tlv ri'ifi.Mi will inkv hUn muk niitHini; Niiiurp'H 
vruii-lrrbimlH, 

'"Hut ubiii U tlif JDiturv of OiIh ih-w actHMy uf I^i»*- 
jsrn? I» It niilly voh'iinlc? Will 11 iukhi dwindle and 
Infoiiif wlutlly s|uUfHHM)t, or. on Ibi* oltifr tiMnil, U It 
llir |>n^-.irei<>r of it inorv (»i>if»niiwl t>rii|4loa 11 kc thnt 
«f KrnhAioH? Tlu- rx-'V'lb'nt |'tu.l.<m|rliH tCuil Iwvt' 
Wn-ii lulieis of the mitl.un.1, from ii (kiIiiI iiK ml left 
ii'irlbm-sct of laaxajfit l\nk, k>n ve Hi f lr iltml.t in I hv 
inhiil i«( n ii v i mi- f ii millur with vok*anl<* plii'iuuucDii ihnt 
tlu- siutliiirol U .-riM'iitliilly vvilcnnk*- TIh-m- ikliolipxriiphN 
nr.. klrlkliii-'ly *.tiiillnr to Hom- tfitw.n t.y Jclni>*tMii-t jivIm 
hIhiwInk Hi.- in^ntTfHH .-f n n **ni]'<l"ii In Hi- l.l|«irl 
UUimK uIkmc MiNmik* iliiir.H-ti-r In vtfll known. 

"Tlie iTiiHloiiN of leii«*«Hi 1'iiik liriCHii May 'MHli at 
r. ::iit I'. Willi un iiMI-iir^t of Nirttm nhU-li. aword 
liiir to Kort'si' SiiiHTvlNi-r W. J ttuslilns, i-onriuutHl 
til ■nil ttii lulniitt'x- Ii fnriiMtl ii rrntfi In thi» h«i»w- 
n.Vf/ill Hhllililll of l.-tef«<li ntHitll 'JT. l.y k> In v*- 

l«-nl mimI fio»-r«l tlu 1 4 a iriirrllim -oihw for a dithumv of 
:tmi f«i'l with n iiwind.- -if dnrt; w.H dti<t. Iljin-cy 
Altln-y. ii fopcM rii laj*! 1 r, v Isliiii tlw mh'im' jautl r.iH<ri<M| 

tlla- flM'ts 

"•hi tlif fiillowlDi: i lay M k A M., aiotthiT «-rii|rtimi 

in-^iirrill, llll*l nil Ji|l|f Mil 11 Wrvfc IlllMf, til.' Itllirl II ll*1 

miifh l;ir«r*-r imilir.'O-i l«M»|t filmr. It lifted lb* inlimtr". 
nii'l IIm* rwllhiir ^dmui. of iUm»-*- IiIjh k -iui.*kr nw lu 
th.. liriKht of 2/a«i fwt SIihjhi* »*-rc burloil from tb* 



cmfrr, and Hm- for.**! wrrlc^ n«ttin»k luinM*. ii iiunrlrr 
..f n mil., iivray on (in-- llptop of l^*rii IVnk. wiih 
lirokw, I,y aotiiH of ilM.m.^lllork* .ii»1 >nmm r ^fnii*- 

mil f«-t. Tlir .|n«t iinil t*uI|«lninMia «-«rHt'.l Minlh- 

niirtl hy tt.r nlml nvn- ol^rrr.1 .it Mlnt-rnl. Iho f»r- 
ti*trj Ntntloci. and Ibi- dint wan nuled live mile* Urymul. 
Kor^i Miiirfn* who ww in llw; Mflehla»rb»ud of ibe 
riiimiiilr chiTliiir Hm' .•rupltoa hiiml thr niNbliic Ktmai 
ii i m! tin* fulHnr; rot'ki. 1im( FP|Nirt m> mmhlliii: or *ul> 
n-miiHiefiH t**nrK. eiirlh Hh.N.-i,r., fk^trkul lehnniMiiMin. 
or irrrat brni In'>oimI tlwit of Httntn. Tlir dilrtt wah 
t»rarllcntly *>ild wlnn It fdt. fon^ldefitlplr voHmii'H of 
«at«-r uvri' i-Jin'tinl, [irol«ah|y wttolly In llwr form of 
Hl.-iiir*. Tin' wntcr riMiilf!ie.lns fn.m lliln hI.iii» washed 
ii ptull.i In tin- hihiw l« ll»' a.lja.t'tir lakt-l.>i whtrlt orcti 
pin* wlmt prior t« Ihi^ ltiti^t orupllon Iwd Wmis lu*oti 
n*ini nb*tl an (lie yiHinc**? rnilcr .»f llu* I^i **^-n v.»lnni«.. 
Tho iwvt criili-r i< iim| -piiit* ovi-r flic tlironl of i\tv old, 
Uu Im ii rVw hmolnxl fii-t to Ihi* iii-rtliw.T<t wurd_ 

"In alt tbor*. Iitivt- Imh-ii #*I**v«**i .-rMpttirtiK up tit Ibo 
dalr of tliW r»'|»M-l .linn* -Int. Thf iiui*.) vlolonl vran 
al II A. M . Jinn- Uth. wlu-ii p***\ »-r;i 1 fiViri Vfii1nr™nn»' 
IN-rsirim vr» i\- iitjiirvd In fnllliipt «r TmUIih: hImIo*. TI-m* 
cm |K loll n iir* v Intl'lr f n uu I he Sil«*raim*lilo Vn Hoi . 
n*-:irl\ f-u'ty nilli^- a« m>. mid i'ri'iil«il jirofoiind Inton-^t. 
Tlo" Kl|liM,».p|i > -iiC rrnpllMiL Mil r"r|t1n v, .Iuim* r.Mh. wus of 
ri'lnO»i'l> Nr«:»ll •■iK-t-rf) . l.ni|illi.iii- n.-ff ir> iu r.illy prr- 
ii«#Ui| l.y ii oOK-<ntl if f-j-iphr.* «l.-iit». 

'•VS'lth MiniHi»|v,i ortiplionx Mi«- ii.-w cnilrr (•< miliiri;- 
lHir_ .lutio J uli. wIm'H Mr ll f^ritnii-s iiim| I rUlta,*.) 
Ir, Ii v-u>i mm i f.i'i I.. Hi- ii ikI lim fiH-t wldi'. wild » d.-irfh 
nf iim| nvt-r HKf fiiC It iiti|efiirs to ri>ir>*w n fi**«n' 
ninuiiii* ti IIIIU- iw.rili ( >r in-i ond ».*ir|i ..r novt. 

"Tbe olb.-r Lot bult* »l« ^wu IVak an far *h I 



Digitized by Google 



SCIENTIFIC AMERICAN SUPPLEMENT Na 2014 



August N, ISM ♦ 



cnn littrn It--*'*- Ml ii«rrr«Mti| ihrtr artlv-lt). milm* il U 
Hiimpw™ llfll which i-. iilwiiy* f'lnnnu: Imr nothlnir 
Ilk** mi *-nii»l i»*ti hiit* Iwrn re|iurtnL 

".No definite molten protliwtN have lieeii fMiiiul In con- 

IWCllofl With lbt> nil-l.l erUplhlft* *lf l^tMM'lt I". .:U Tin* 

ejected ituiii, nm fur iin mil he Judged fn*tii an examl- 
iiHllon with ii mi»hU |a«'kH Iciin, I" dlthileiiniird or 
pn1verlv**d tftttflta |vrllii|M hi |«tr1 dernm*MMed. Till* 
■ piurtx and. apfMntilli. hIko Hie cLi-tp*) frM*pur an* 
hHicht . Iml I hi* homhlci nli\ n licit e, anil mkn are ■ >f 
«**HirHc m>< mi iilHiiidiint In Ihr dart I e and ran* crl- 
dent. An examination wllh it |»ctriia;r»|>fdr inli-r<>M-i>|M- 

COIlflriraM the COIH'lll>|o|| thai l In- duwt Ih the pntlllWl of 
Ihr pulieHxIrm MtlN tf Hw r*|d*»»d*tr icane-* on tbe 
r ■• ■ - Hi much whlrb 1 1 ■-■ an* • ■ i :■ i 1 and iml tbt* 
ii-.nH of tbi* riplotdvr rxpiiiiiditti uf gam* ku a tliiubl 
la vii. 

'That hi'til hat* rwiiirlj iWn In the core ajf Nix^-n 
I'eiik In evident from Km* flirt Ihul whemiH II war* ttMt 
■■••lil. imiw II In In 4 and -drainiitic. When K. Iv. I Ih vt1*-ri 
mill I wen* on Hie umiurilnln In July. I **-*<!, and nlid 
d*iw» the *j.«NiifiMi| ntvow l«ank Into Hat t'nvk on mir 
uti> bj Yellow lliiiii- there wiin i. ■ nlun of In-tit In Ho 
xumailt raf f JbWN IV* k. The rncfcy nuibiuiIi «if Ibi* 

peak, Miitirk to ituiiiy ibwidcT tmlta durhn: nlmnM ami 

*>ii|«-rfh*Uill> funed heir uimI there by Hit* llsthtnhti; lo 
rnlifertie. U -UN in Ir via>* then, ami tin- little lakr I- 
thcre a*> In !•*•*<:■ but tin' boil iiikI Mm- crater tin* OHT, 
Mr. I(ii»hii»* iHb* lite thai Hw*r new feature** ii|*|M'iinil 
with iIm* llr**l eruption. Unl iIm* fuel thai thr othrr hot 
plan*** iil-mi tin- iiMitmliihi in* iml yet -n i mi lh|> hot- 
Irr liirllnitiit that tin* riM* uf li*Mi|N*rnluri> 1* IinuI nml 

• lid at UhnI iim >*•) ufffi'l Ho- inoiMiialii itiitKw 
Tlam* ah •!» • <*an It'll whiit I n U if**l iiac to Afc Thr 
tulcaiiu nuiy mmImIiIi 1 In IU fnniwr ^aaVVNlWA I tilt wt* 
nniHl •••*! fiMTUH Hint It wa« * Mily the |..]> of i|m> olil 
Vi**«iiviin** (but nil* Mown ntT to milk** Mmitr Smiuiiui 
jiimI the VtHffftaa of to tin). Knikaioii l>b>w up frotn 
I hi" vitj Ini*** with Ii-ciih'Im1*ihi cIToci 'nun- hi tin*, mm 

1 r ■ i -..ii til n n |t» '■ x ii Kr;iknl«Hlli *nillm*ak 
at IjtMHfii 1*in k Iml Ibi' |uirl of wiraloia dlrtnti*^ a ch— 
walrh " 

on J IIM liUh \V. II. Wrbrbf. a mlnlia' inu'lmvr or 
Sun r'rniirlM'ii. 1UII0I thlr* titsloii ami iimvihIii] ihr 
l*rmk. ami lira* ft.llov.lnu •■xlrtirl-* fnin hU |. r- nul **> 
M'rttiili-iiH, phMImImiI hi ihr t'MttiMtrrintr aarf WiiiJan 
JuM/mil, iclvr mliHilotml furl* of litb-nM. 

"\\v vl«iti*il ilu* |a*uk on .tuiM* ItUh. mdrrf uulilmicv 
of I lii ri*y Ktitil. who IhkI m|n<mi ibi> Mlnirr nl l>raki*'a 
Niirlut*** n» run-in krr. K;iul -t.iti-il Unit mi Thiinuiny 
ulrtflit. Mn.v >tl». hi* lir*nl a mmhlliK llki* that of II. tm 

• b't*. I"|*nu uoliiir MM of rflrMM Ira* found thr »liin* riUa> 
I ii*: briiclilly. Al**o that «•» t'rtday afliTin-.ii. at t!.;M», 
ii kIIitIii ejirth>|iiiike raiiMil ilu* |MN*rl> fii-ii-tnil roof .if 
flu* lairn U* *lhb> to lh*» irmuiMl. TIiIn *hiB-k nn« f.-h 
Iti \Vi->tu..»l. iwnity-nliM* iiiIIpw, mid SntMinvllb*. 
ftfDr*4HM ailb*x. iMllUt At Ihla linat* Kaiil wiia |imb- 
tilily f Ii** iMiirfxt to tin* aioiiiitnlii «f any |«-nu4i In thnt 
...■.t 'hi Stittirilii*. May ;>ali. itu- iir*t rrii|itliMi «r 
nirrwl. iihlnuiifli a ■ - drlvrr r»-iit>ri- m^Iiik h »a|»ir 
rMnit fr-mi I hi* iwuititiilii naj lrl.l.«' Two dit)* uf'- i 
Ibi* rrui*4loti. Kaiil iu*i*oni|iiiiilit1 a |mri> l» tlw* |a*ak. 

Thr rratrr or tlr*»iiri< w«n it «Iniui bnlf H* imwtit 

»>Im*. Iml kViii-rul . -i .Mil .i - «w idr ttimr. Tlirri* w«a 
imiI no iimrh dtltri* htiiI tt'fi**1 r ami a Kiunll |mn»I 
raerapM ti ib*|<n-NH|«iii In thr old rratrr. SUhv thnt 
tlnir initiirroiii *Tii|«tl"ii- tin v*- tulieii plarr, ami tun.- nil 
Ihiii of Hi-- mium' rliamrtrr. 

"I^raviii- thr UWi.tii I'uHhY |tallr<Mid nt Kiibllr. «■< 
iravrhil by MlltunMiMIr In IHtc Mradiwu. a dlNtiiiMv or 
lw»-til> -n!\ mil---, i o rMUV Hinldlr hor**. Tbrfi A 
lior**-l.ink Hdr of thirty live nilU-a broimln u- to 
l»niki'*- S|iritiis*, wlwrr ihr nlL*1il na** NfrajlCi TIiIn pulnt 
Ik arrrn mllra from thr Minitult of Mm- pMk. 

"AUmt flfln-n mlb*a riNini thr iniiitiitnlu. In n dirrrt 
\Ui>; IIm- llrNl hIch of tubnidr iKimI MM am A ^llirtlt 
tllm inwfiil thr icmuiML TliU mi'iiird in lb> In a i«ar- 
roM U-ll. ifi nr mn<h ihmmiI throiieh It wIm*ii our frMHW 
WOM rluiiiieiiL Al uirloiL-* thiM-> rteflttB Hhf Hdr i-i|ni|-i«< 



of |hr tiMiuritiiiti wrrr rauicM, mid a oduuin of utmai 
•mi- ftlWBfl raifi rit*lii|E birch iihovt* ihr xnuinilt At 
I,*h*'n raudi. In Wimirr Valb*y. tm mltra from thr |M*ak. 
wr wllw aw d thr mthimI rru|*1lon of thr dny. Thin ban 
|N*iM*d nt 7 I*. M. mid wan an liupn-WHlvr n|>rr|jitsp. Thr 
aplllnfl nun w»« Irvrl with th#> t«ip of tbu pnik iiimI n 
Hi r to Ihr b'ft A oiluiuh of -.h'fnu and dual w» li> 



wiilrr him| form oHhW vent* In n»>* (tlarw. In Hi* miiim* 
EriM'ral 1 1 nr. but u Irllb* morr In thr mat, MutniHUM 
x-prtnic* tin* altiuilriL TIiIn U a icruup of N|»riuirH nlml- 
kir to th*'w of thr IM'yii'k Kltrhm, but mi a mmii 
birxrr with*. Many olbrr hot KpHntrc. nn writ it*, mln 
rral -iirliifiN, rxiMt in othrf ImiilltU* In ihU rrtrbUL Thr 
ttniiD frian nil *»f 1lw-r hihIiuc- hiiN. tin* wiutr rliarm** 




Eruption al Id A. M., June litli. Piclun* lakrit «nr minul* aflrr vxptoamn. 



•i brlulll of ill IrilM IJMIO feel ilUor Dm* Uimitllalli lop 
In a|i|tearuiM*r || iiiik-Ii rvMinlibil Ibr dirty while r\- 
hatiHi of a i i«il bun . I iic bMToWMllv* Althoiii.ii n tn»*-u-* 
to thlt* rruplbm. tdtiiatrd ran thr wrat nml north went 
tddn rat lb** mountjiln. n*|»trtiil tliat IftHM HN vUiblr. 
iH-jii- roubl Ih* mhii frotn Ibr aoulhra**! nblr It In ajorr 
tliiin likely that |Im> nwlft-rbdair; rolumii uf *deaiu re- 
Ib-cied IIm> i****l riiy** of tin* M'tttnj: nun, un lux mi 
np|*iiriiiMv of flrr 

"Tlw nrxt iiioniliijc, Moialay. Juira- Vtttu tlw party 
vlnlUil Tiirtiirm* l-ak.-, Tbi- In a pool OCCVmrUU » 
eratrr like diiirrNHltm. (imipb*tr]> *t«rroinidril by mUNW 
^prlni^t and tiitul [wiIk. Thr -lerini from tlutu* lwi>< a dr- 
i-bbtl ordor of hyilrotn-u tntlphbti'. 1'lw ariti of thin laail 
In ii|*)iro\1niutrl> nil urtv. iNir lartrr Nprlni; nl tlw 
Noiith end In tiliiitiNt a fnir ifeVNer In II* liitrnw* bub 
blliiic n nd **|Haitliiic of Ntntni. Two and our half mll» 
miutbrMMl nf I hl« lnkr U lirywr. n hirirr IniUIhk s.rlin.*, 
whlrli foriiM'rly MMNnJ to a cou-dtlenihh- hrlrehl. bill U 
turn ipJlle rretile In It- nethrti. 

"Two iitllrM iiortbw^ of TartariiN |jikr. nml hi the 
■II r»i-t ton of Uimrii I'rnk. Ln nP mi iril the I trvll'a 
KlU'bi'U. Till** iMihidHla of a biiialwr of wdfUMMI nml 
not H|irhtrcs that are uti both aldrti t'f a mtlnr. iliroiuh 
whlrh nttir* ii einkI ttlzrd Dnmiitalii Mreain. Sonir of Hie 
a|Hrlnpi net nutty babbb* up flinoiitfti thr water «t tbe 
creek. Thr act Inn of thrm* i*pHii|*> vartra from the 
*lili££t**ll tiMid-|t*.u lo tlw rloU'idly Uilllni* wprlnp* that 
arc. In fuel, -m ' jtr)Nrn*. Tlir HpHnir^ nfter a time 
nptitinMitly lallaanr noted with n ilr|NN*lt frtnai Ibe 



trrlNtlc mlor *if hyilrnci-ii »ulphhk*. iiihI |N»HNllily .if Ibr 
dioxide, although i|i I- eoitld m>f U- tb-titiltely atavr- 
Iiim •! b> Ihr niIihi* or Nniell IllnlW. 

'Tiirwhiy utonibik*- June httli. tnildtil b> llarn Kaiil. 
Ibr ihiH) left l>rakr'*» sprtiur> for Ibi' Miramitt of Lm 
■rn iVak. K ;in I huil niiMb* MM lrt|w |o Ihr lofi or Ibr 
l»itk Nlnre the Hn*t i-rtiplbMi or May :unh. Tin- trail 
lend- ihrtiucti ii uiutniltlreiit LTowtti or thnU-r. AbOVVJ 
(l,i i feel altltudr tlw Iraiellnx wim ihiia- ntrr haul 
MkMfi wlihit aw wr tirarttl iIh- lop l-mimr ftt$ rAMBk H 
ratdly Mlplxirliil tlir IMMIV Hal mndc Ihr u*a*i*tit inurli 
caitlrr t lira ii nl other prawni*. V.vvn chw to Itw peak 
only ii wllfrlxl itraiwmit of dn>i cotctchI tlw nimw. 

"At l-:.">i Ihr rlcb»> tit the lop w«n inibwil nral o»r 
tlrNi view of ihr Cfltff aMlllMtf The |mrl> I hen 
dr*nv|Nlr«l the n|o|»- Into thr ru|t-t<hii|ird drpntmbtu thnt 
niiirkt thr *dlr «f llw tinclent rrtiler. The ran crater 
hit** broken rait on the iHirthwrnt Mile of tttl*. nial mi-m 
burly lui* baaaj foniMil bj atttSal e**raphii* inulrr bluh 
prcNNiire friHni a Ibotun* *Ahlrh lb*N nlinur ilw innlu axla 
of ibr oval— liapcd pli. Tin* Nitwiu forced Ha way 
ttirouuh tlw flKNiirr and formril it iinrfiw r niter, tlw 
Hldf* of which bud Itcutiu It* csi*c. mpldly wlilenhij: It. 
I'U ture-i were taken nt irrcnt rb*lc. Aatilc from the dflit- 
ircr of mi mjthtviik of tbe miter, thr dnnurr rroin thr 
rnvlin; r>bb'« wun irrcnt. In oriler to .-- i itinnI tlewa uf 
thr pll It wun m-ei-NMiry r.i so clone |o tlw iifcer. Illier 
craekH ettrmtiil lurk "JTi to .'Hi reel. Kerry few rain 
uIcm tfn'at ninttNTN w.mld full fnuu thr ttldrw. A ntwrt 
time lifter i*4ie «if Ihr pietiirrw mi* t4itnhwit. the p|jn*e 




Krupliun al 10 A. M., Juuc 1 lib. Taken 30 »rrond« after prrvious view. 




I'hotoxrajib taken on* minute alter an explonion. 
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Minunrli l ake and La»a-rn Peak. 



View taken five minutes after an eruption. 



fnwi whleh It wan taken «lddelily Ml Into Ibe ti«>1c. 
mtitiitur up a rtuwd of dual aiul nankin* a speclaenhir 
dlapliiy. which, anfortutnileb', was over tow soon to he 
photi«ni|Mhcd, m* the party wii* ha-tily cum.i*od In rul- 
ing luiwlu Tin 1 volume at I'M-niiluc Mwim urli'M from 
moment ti> moment. In np|>ettranee him! odor the tdentn 
r*wmltU«. that earaptikg from the bnlllinf »|irlnjt* pre- 
vlmiMty mentioned; In fact, It fflM Itapthtvlble ti> dHwl 
any difference. That Ihe vapor lit «lcniu U evidenced 
by Ibe fuel that It cmmlenw** and dUaupcar* after rU 
Ins Into tiie air for a short dtMancr. The hole bi ulwnit 
I1a> feet In width and rot fit* In length. iiimI large 
•linuirltlfN of tin am rock* werv thrown * *itt . The deep 
allow, mi tin* north *Mte of riii« Miajtfe *Mt* of the old 
prater, which wan covered with dual. miimL and rock*, 
contained wviTiil hundred hulrw which luid been caused 
by falling rock*. Thrse want baie Ik-mi bo*, as* they 
acre deep III tlw' Ki44iw. which U a* hard a* Ice; iib»n. 
Hie abb** of the hole* are j>erf4«rtijr Hinooth, ami there 
are many lartre Wfcettea lylnit <m tia» of the aiiow hoxhle 
thcae fade*. «'f mUrwet ll !•» |MMdhle that the imhiirlrd 



iHH-N did not fall from uh great n hvlirht a* thnae that 
an* hurled. 

".Small hea|m of crumbled nek ly luat mi tin- atmw 
allowed tltat wine of ibe wlmiea ennobled u|m>m he hue 
MiukliMily ri.ili.il by II. At tin* cdja* of Die crater, rlthn* 
from the different cxnbwdniw lay ihi the ntmiw tu a depth 
nf tlinn* ur four feet. ThU gradually dlmlnlabod to a 
depth of (I Iix'Im-h at the lop of tlw rhltfe BWNNIMMOfl 
(be cup of the crater. The ilei<* M H nna been elan-dtled 
ins dcaceudlniE front a great height, t'poti the mow 
were Mtociin of varkmst Mtvn, Next U a drpotdt of 
n mew Mtud, upon which bi a layer of rery tint* dual 
tliut pbMH'ly rewetjihl** I'nrtland ccmenr. There wan no 
lava or cinder* Tlw only Indication* or heat were the 
In* *toiie* and at earn. The mountain In cinn|»»w1 <if 
duelte, which luia (be iiMMiiraniv of gray granite. If 
ana coabl collect the aVnrbi from a libna In luia rock, 
be would hnve exactly the si:in* material that hint Iwrii 
eaat Hp tiy the preMnil ernptltMiN. 

"Tlie odjnnt of the ttnanre are covered with a ycllow 
•IriNwK tluit ii|ajM-nrv to Ih< tail|>liiir. ThU cold DC4 I- 



verlfteil. a* It vtan lui]MKudhii* to reach the nW4ire, An 
•An of Htilphur anaa ixitlivd In tlx* dut<t, Inti u ua* *o 
faint that It «miuUI MoJ Ml ihlennlned wbeilwr U wan 
the liydrhU- or «lloxl«b>. 

"The evbleixwx oci the crouixl ta*ar out Ibe Ixdlef that 
the material tbrimn out In the mitlxirHtH oiikKUied of 
dihttA ffoiu the w-allti of (lie ancient crater ImAen anil 
ftMVMl frtuu the llxnure by Mtitim midcr irnml pretwure. 
Mttch uf this niateiiitt fell directly Kick Into ihe new 
eralrr ttr caved front Ihe able, clrvdng the vevil ntxt 
niaktitc oilier exploMbmi* rastbtmry lo clear Ibe outlet 
l.« w-n IVak In Kbm feet high and In the MHithern 
teriiiliiiix of the I'awcnde muse. Mke many olher uimin- 
MIiih In HiU raiitfe. It U an exllnd crater. In the Ijo* 
hco lam debt which llm to the tinrtbeaMi aixt north af 
(41 want IVuIl, U »«imt«| riixter Onaa\ the luteal nctlre 
v«4cano In the Tutted Hi* lex, llUtory i^h-h tux record 
Itab Uft cruptbat, which np|xiirx to u ;|V .. icvurriil In 
tlx* iieltfhUirlMHMl »t m« hnndrtHl yean* ami. TliU 
eni|rtbiti wan qtilel that It notibl out ill I run »nv,> 
Hon In a «iMir-Hy Mcltied e»mnir>,^ 
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Tkr t'riH-imimitc /'tv*rr#j,— "I'hU |inws*iw l» a»Ml liy 

iim' i iiiiiti Matai K'iuI Pnwrrtni Otrngnn K,,vr 
Yiick, ami, antmllne In niilhorit.v. I« 11 very i-fll- 
rlrlll mw Utt n«n.l imlilkU'MiwkM. 'ntr- i-lifci-f llnvH f'-u- 
tun* ttl I)m* j > r ■ . ' i *t -erriH lo lilt* MUlwIIMIIIiill fur 

»l«*niit «tf air riilmil bl n lrni|ifniltirv nf I'.'l ili-u. ONlt 
l 'J?*' iUx Ktthr. I ■ itlwl ill ll |in-v*(in- nf ilUml Imi |m>iiiii]h 
to tin* n|tuMW itii-b. Tin' air |iii-m»,ihv Ih rliiliiMil lo |>rv^ 
vnil llii- chnklBR "f llw h taClt iiimI Mip air l» ki^il ill 
ttt«* Htiim- iiin|M>ruluri> uihI inv-uiun* until tin- 4vlili<r of 
llll' Mud Iwillif lif-l.-M tvarllr* H r, iiiimtii t nn- of lial 
■Ire. • '•■■>■ . TJIi ili-it Kalir. I , ill wlilrll nil la rni life. Ibi- 
i-tataf ranm- of tlii-ny. l« totnurriL Tli*- it-iii|»-riiiiiTi- of 

Ihe air I- Hm-ii ri-rlu I lo IS.IV <l«Tt DNat 1 1311 <!««. 

Fnltr. I. mill «4ilM-i|iit-iill)r tlu- air In i-xlinuslnl from tin* 
ri-iort uihI ii mm of ai li«-l»-< t* |niiii|--«l. ihi- rtmrci- 
of ahll-«i-|ilU- iiifiiil Iwlntf 1 Ih-a-rloil. Till" aiC4-HI nut* 
n|-4k of .-ill i*-r ii-iii t*t -ill of crmnalfo 1^ |.*r MM of 
nulll. ami .' |.-r nt-iil of fornuilili>li>iU-- TIiIm lulxllin- Ik 
f ' i i - ■ I lulo llii- vi-.m! iiiiiIit |ir*"^lln- -.i Hull Mm- |Mfm 
nrt- llo-roiii.-I.K liniiri-inmliil. mal -J imiiiihN |ii-r i-nMir 
foil an- laVi-ti il|n Tin- «Ma1 l» MKl lraii«frrn-d In 
iilMilln-r n-lorl iiihI lnr»lt>il •Ml a »o4iilli*i of lln»-, 
rulnil to n h-miNfiiliin- of |m i|i-u iVtil. fiVS <lnc. 
Ftllir. I ii ii- 1 ill a tifinviin- of IMi i.miihI-, i»t -n|iian- Itirh. 
Tin- «.>al U tin •« ull-mnl lo nail l-iiiiIii/. In 

T'a*- t;«l*«.i»l /-ro. i m In llil» |iri mthm lln* wiknI to In- 
|irr»>m'4-il In >-nl'iio r^iil In n Imtli of iinllirii<viic ami 
I. Ilcli rillMi] lo alKKll MO dag Owt (SM 'I'LL I'uhr. ). 
Yililcli |pim«-ninin- 1« la-low ita-lr ImjIUiib i».|iiI. KlmHy, 

kMwwr a llw uia.i Ik i i".i iii ii..- m&v no- alitafi 

i-oiiiiwiwv- to IhoI. anil atfatn lllwl uioiilun- la-lllK civMi 
i«T Hull. Mw imanintf nway of ii |Kirtlnn of llu' nai 



• IM|K-r n-.tl b..f..iH llir Kojiil So I.-IJ ..f Art* anil |Mil.ll4b«o| 
la ll> ItMt 



<llliii'HU ..f tin- wn.nL Tin- rt-Kitlllioti .if Ha- rlmlUllnli— 
wlilrli tai'iir* tiff- t fnnii '1 lo I lmur> »>liow* l tin l nil 
xa|i ami IliolNluri* Iuim la<on ieIvi*ii laT fluiln lln- nut 

Tlir- ti'iK.l \< im-m tnlliKfi-rml Into ii c-oUl tutli of 
hi-iivy oil of tar. In whlrh It la all. moil in n-tiialu for 
nU. in In niliiiiiiw, ami la ufti-rwaril |>lm-i-il In a laiili of 
<«iM <lil. .ri.l.- nf ill..-. In uhtall II in kv|il tlnlll lln- 
» I - — . i r « 1 illuouut luia la-ltl llloHirla-lL 

Tlila tir.M-i-MM alwo la flaliiii-il to Im- i->|Ni-lally MMtltllM 

for MliK-(a-ra. 

Thf Nioyilarr'ar Kiju/ioa. or "PoirrlhziHff" fmvr**.— 
Thb- |ir«H-«-aK nan Ural tiitrolllhAHl l»y Mr. l'owi-11. iiimI Ik 
bi-iMi- UKiially li-rnn-tl llu- "iMiwi-lllxltit;" |.h»>'<.. Ttii- 
fflUM CMataalllSofl nf llu- Mfthiiloii u*.kI Ik a Nrrn-I. Init 
II Ik Klalt-tl In t-oinlKt raiiiiil) of Kiimir n-lth n Ktnnll 
IK-rfx-ntam- of arat-nU* nililitl. and iimliiiMy Ki>t*«-ral ollu-r 
luxn-illi-iitM. 

Tin- rflVHC of kji.i liiirho* kiiIiiIUiiik for tha* iiri-Kt-rviilliMi 
of winkI Ik Mild lo hiivr lain dlM-nvi-nal from lln- fm-l 
Hull 11m- tlaita-r of aiutltr rata Ik fiaiml In la- lo all lll- 
Iiiiik iiimI |iiir|><i-K •-vorlnalliiK. II Ik nvrrnal thai anisir 
Uml iH-vt-r Ikk-ii iiii|imi>i-II f..r liiiilw-r iin-tK-rvalloii In-fori- 
Ihi- lili-tt .K-oiirntl lo Mr. l-on/i-ll. wlilrli U prnlailily Inn- 
no fur an tr-'alllM-nt on a <NMii|ail-!*tlv*>ly bind- m-»W Ik 
«-nl«fril**1 

TIm* 1r«ai1iik«-iit Ik on the ota-n-latik or linii..-rvl..u ay-a- 
tt-ni. llu- ir.-iiir.l tliulM-r la-luir. hoarfnajhT, Miiln«iK|iii-ii|ly 
aitliJiTKal in nrtltli'lnl ilr'lnx. Any <l>>Ki-rl|aloii of tank 
iMtiy Ik- iikikI, Init a mlivi-nti-hl arninei-nntil. ra|a-ciiilly 
ilrKliciinl for riirryltiit ihi! llu* itnct-aa. <Kiiti|irlKi-K n lank 
nf IIm* niiiiUltf iIIiui-iikIoiik fltt.il with -li-atii-lii-iillni; 
|.I|k- uml luvln* a waioi- ilicltl 4<Mt al OM i-ial Ihimwh 
wlilrh Umilrd Irm-tK <«n la- nm In on a act of Irani 
laMH. Tin- lank havlnc naa-lvoil Ita ctaim "f ilmin-r. 
IliU d-K>r |k i-IikkiI uml <k.i<| ^.lni|..ti | n ailmllliil 1111111 



llH- Tlmal Ik (nVl-roil Tlw l<M!l| «*m I lift of III.- Kill III loll |k 

llu-ii cmdnally rnlapd la l>mln« |k.|i,i. and hpjal al Hut 
trlillK-mlllrr fiar awrtfal llnurK. lln- marl tlWC niry 
lln: In iKo.nlaiHK. tilth Ihi- iIIiui-iikIoiv. uml tttm of u.-kI 
la-lln; Irralnl. Till- »>lnlloii Ik Hum |a-rmilli-d lo oil 
iIok ii. aflat ulih-h II Ik nn. off mat Ha tlmla-r b iukktkI 
on inlo a dryliuTK-haiiiln-r In vilih-li tlw tfmUMmn h 

gnrihmUf nil— i natn n tuu hM* wHititHi dntv- 

ntlval, wla-n It Ik n-niovi-il mnl Ik rmady for itaa. 

TIm- nlr In llu- iMwUln or ilrjlnx rhatmtwr la Hrat 
nil-u-d lo n loiiiiK'tiiinr.- of from BU ,ln{ Omt- In «> 
ihx. Oant [139 ili-it. Fnhr. to lln 4«ft lalir.l. nllh a 
huuilillly i.r BfM |a-T <vnt. ami KtilaKiKiiM-nlly Ihla Ik 
Klnwly Inin-aM-d In a maximum of frmu 71 iU-tr r«-ni. 
In 7>l..1 itas. CMti (Ht"> ifc-it. I'uhr. In nil ibKi Fnhr.), 
«rllh a hlinilitlly of XI |«r nut. 

All llilvtl til ll J.T of (MlnMi-riildi- tnllM- lutaa-aanl l.v HiIk 
I.I-.K-.-" Ik Huh hii-. ii u..kI may la- xillKfai l..rll) iri-iiml. 

A nili n..i,.|ii<Ml fXaiiiluilll f lliln k«k-|Io|ik ..f 

IfCdttaJ aK ilm ff ftj mndr liy I'rof. \onnnii llud.-lf. M.Si- . 
K.l.r.. n'Vc-aliKl Ihe fin-l Uml llu- aath urn- »«.4I. i. iim. 
mmr Muk ■nfainmCty nihil nltli aaii-hurlm- inalit-r In 

a Ulaflllill form. Ihi- Kohillon luiilnx 

ai-tnally la-it'ln- a i.trt of IIm- BtTWtWV of fjafl u'.n.I. 

Wkf I Bfrffalztilrt or "f/nKArairlMir" IWru. Tla- vn|- 
<-alil«ius |.n«K->K., hIko kiamn nn tlx' ~l»Kkililzlni;" 
l««i«, f>iaiil lln- luinif of Iik li.irolor. I'ot NawkNk 
niinlKla In na-llnt.- or iojmJNNM H"- Wlla<. wlilrli MM 
la-i-n im-rtoiiKly iIHikI liy Klramlne. to a li-aiiu-rulun- 
»iiltl.-l.'iilly hlifll lo oantulalr llu- nllHiimiiK ooninlu.-d In 
It. noil In i>.HiJuiiiiloii nllh im-KKiiri- alan to r.>nu lu-vi 
mtfttMm. In otlu-r word-, llu- | it- , n-ui|KTiilnr.. pro 
duiva a ri-anlnlliai of llu- w.aaly ilia-r ami nap. uml 
n-aulta In ihi- iin.tiiHion of vtihmI rmauilr-. 

AllMllllllloUK f.KKl iK-lll- <-»K-||||||| ||> thr ||f,» „f l,,,!!, 
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filial mill iiisn-ls. mi all.-tilll.ai In the .-..wlllion ..r these 
ull.uui.ii9 will render Ibcni limit for III.- "A-rilcc uf III.- 
•Iiilrucllre UKcllts- Tlw cii-lgulullou of nlliuiucn* ulkc* 
ph>.v lim.sl. Tl dog. ami 1*4 ilclf. Out. I llil .In,*- and 
ail. 2 de* I'akr.l. 

An cxamiiiulim iif w.ssl treated by the vulfiinliluit 

New York, showed II !H |H.r nut of is.w »iils.iai.i«. had 

mini, lulu existence, I i*.. M.JBtt Iff cent uf Iwulrul oils 
unit turpbirs, uud R'.7s |H.-r cent of resinous acids und 
other ImsIU-*. ii law- | >ro|*jrl km of whk-h ctaisisted of 

lllll|sc|S!ic UlMl (frWH-rVrtllV*. Nllls«tUlMS.*. 

The plunt required c.tfuprtscs one or unit* alr-ll£bt 



can Is? subjected t.. heatlni; ami |irca«iire. a 
I uli atr'circulaliiiif engine, 
i of thv prissis* an* hrkidy u« follows: The 
ri-lnri or retort* Isdne <'li.vrg.sl with msxl to Is* treuted. 
stmin In Urst lujcrlcd to remove surface moisture fiims 
ilii- lliaU-r, the u»k*lurc thus extruded being drawn .slT 
by miiii .it cocks. Air U compressed In Ibc ana|mw<ur 
l.i a Incisure of BUI |s»il.ds |sr su.ua re Inch, 111.- heat 
uf cmnprenioh being iv-dueed by SMinelus ik> *|>rii>liii; 
villi wilier, und 11m. moist conipreHsed air In dried ami 
nils.il to a truiiaTuture .if betwn-u Ut lit*. tVut. ami 
BiM.ft ileg. Cent. (Bill .J dee. Fahr. and Jul dee. Fabr. ). 
ii riil I* furred throueh tlw retuti by tlie elir-iilmlng cii- 
Blue, ear* pang pant u loaded valve, the pressure 
U»-lit U|> by lli» compressor. 

The lime required fur treatment Ik fr.mi n In Hi hours, 
In accordance wllh the dltncnalons of Hie limber. 

Thl* priss-ss Is more clfecllve In tlic cuac .if irm.li 
timber, 

Ibc t iltottol'ium Cthas— This ihmiiks, recently 

.■I.Ml.im. ciihIhIh lu tin- lw <if ii ii agent comiasail of a 
mixture »f cresul ttial lullk ..f llm*. tin- |W..|».rtl.iln. 
clviii I«.-Idc 1.1 icrsmiur* ..f Ijiinit lime |£KI iwr ivul lo 'JV. 
|«.r iviil i, *l ruhlr i-nitlmrti?» .if rrf^l. nuntuliiliiie al 
l«i»l U3 iwr tviil »r lar ii<-l<l«. and .Km i-uMi- <vutlu»lerii 
•>t watrr. 

Th.. Ili«.rj- ..f Ihr lnrr.iil.ir. U lliat J .ianr«a «( m* 
\vr <-iiliU- ri»il U miltti-lnit r.ir iwnMMK of imimi: 
nutluii. I In- liirgcL-r 'i iui.nl Mm .inlliuirlly nu|.li.}ii) l»-liic 
r.-.|iilr...l owlnj; tu iIm* cUAictilty uf Ltianriuit cvtn JUlrl- 
uuliiHl llr uililm: rrCwil wltii milk uf lime tliey claim 
lu l>linl tliL- tnr-ai-UlK Mr lraii»fnriBtu< ih«n Into mil* 
mihilil.- In water but liol v.jln I lit- OrOltuirll) It In 1m 
[u-iir-ll. i.1.1.. Ic. u~- lar add. fur ImnrceiiaUuii. «r lo u« 
Ihciii 111 water w.lutl.nu. uwliin lo inrlr lailius kmi vola- 
lllv. It U itt'iicriill) ikw|>U«I Hint tar itrtiU ui« efllni- 
.'lull. aici-itN f.ir tliulH-r iimM-rvall.qi. 

Tin. |ilanl r.N|iilri-d f.ir curryltiK .Hit tla- alxm. 
may In- uiiy uf tin*-*? unllnurlly vta|.I«.) <nI for 
i hi II hi: timber by Itif iniruiuatle dj.-1Ii.*K 

RATI HAL 1111.1 a» rktutavATHi: »«.1TK. 

l(-r»iit f>iallim'nrn tm\f il..m..iuri ratnl that natural 
.»ll-> can 1* until an iirtm-rratlii* uttiuU wltli u fair 
nniouiit of sniccvm. It doe. ll.il aplavr Ibilt Wlcll oil. 
|nmmmi any autlneiillr. pru|M-rtlm, but tlw-y MerTe Hie 
|iur|nine uf HtoiKiliiK u|i tlie o|iefi w.mmI n>lli. with a hiiIi- 
KtnUL'L' whlrll uprulne-i wild under ordtlliir) leinlvra- 



l»-iii.| rating Into the w.x.l, and ulnrlutini! tlw 
M-hlvb tliey rentier to tbe ueca.v-i-rodur-liitf orgacili^ua In 
m-ltliu; to work. Tut. proiwaltion veenia rrawjuable 
..imhukIl. a* II la jp-neriilly nr-M by tlinticT exiv-rta that, 
in order tu iir.Nluce dn-ny. imdHtiire and heat bdiu.1 be 
|ire-*-ut ill lue wilDf tiuie with tieti**t lo llie air. 

Tin. nranln- of the AtcMimo. T.aiekji awl Santa F6 
Hallway In to uai' crodo Ciillfornuin oil of a v»iy low 
Mlieeillc icravllj Willi about To |*-r refit of ll.lilillllUBj, 
iiim! tlie n-itmluder llicht uil., wlilrb ra|iorixe od bekui; 
(..•ill... I. Til.' ..II I. heill.il Ii. SB lies. C ol. 11711.(1. Atx. 
Klllir. I mid 1. f.inul into the tl'.ml at a |iremire of 
fr..oi ir^l (MitindK to IJIMl jMnlnd* [nr M)Unre lncli. At 

..f HKiluiwei. bill nl»..i t....lt.Hl ll l«.vioii.« «iirn. lei.lly fluid 
1.. iillow of It.* iiiietratloh Into IIh- |sir.-i of the w.mmI. 
A *lb;bt vii.-iiliiu is aiitilled itt lb.- ti.ti.' of Ihe. ointiiIIod, 
wl.ii-ll n-.tl* tlb.- |M.ni. mid adailti. ..f llw> W.mmI Is'Iiii; 
Imii.HiiI ulllioilt dlllWlilly, 

Wli.-n th.- i»im« I.h iiwil for nln-iNTH IIh- amount ..f 
oil lhjn l.il U fr..lo I In s trillions i» r >il.i |« r. liwl esn.l 
U i.l r, «iilt» nre ~illt lo Ih. ntlillnnl n» n «ilr.l» llw |Ho 
I...O-..!l"ll of the life "f the i.loe|i-n.. 

Tin- ali.ve railway euuiiuiiiy. It I. ulil, were llxluonl 
■ •< i.\|M.rlu»-iit Willi crude oil mm a prern'rviirl... tljj.'iit 
..wlini to filrilltiif lie- life of unllestlnl «l.i.|^.n lo lie 
^milly prtiUiluiiil on luirliolo. ..f lis Irnck ni whleh llie 
..II wn. il.rlnklnl I., keep ihiwn |be dil.1. Tlw .-.Mtll.l! 
..f .ill Whleh i-|i»«il oler Hie of lit.. »b«.|^rn k('|it 



It Is 



old soliitUu of a slreiusib of from 15 lo .-o is-r iviit 
for it |» rl.«l of lime dilH-ndelil iiikhi tlx' .lae iili.l nature 
of Hh. wwal to be treuted. Ill Hi* eu~- of »l>«-prr» from 
J I to 'M hours will be required. 

Afti-r tlie tnstt.-d tluils-r 1. dry. it sltould. iliTT.t-.liuK 
lo the miiki-ri. Is. iflvun a nm of hoi i£a.-lar. immiibly 
M prevent Uufhlim. 

asniaul. 

Thb. Is ll |iro|irlrtary antlia-jitle lujltltlou. made by the 
Aiillir.il (.'..uipaiiy. which im.ii I* used as a isilut, or for 
the liamcrsloD or o|*-u-taiik |iruceB« The nolulkin Is 
lir.-frral.ly employed lu u heated eonilllbm. 

ptU.IT, 

Till. i. also a i>ro|«letnry solution isaoss^lng auil- 
siiitic or iirearrrutlre uuulltles, nud cuiudsliuB of u - 
\rr o-nt solution of dlnllro-beniol and mliu-nil oil. II 
bus a bollluiE pollit of 93» deg, Uent. (3TB iU<s. l-'ahr.l. 
The misie of ati|illruUofi W the same lia Willi "Aullirol," 
liliBNcmziKr- 



l» ii i«wservatlve (ulutlou made by Sir W. llumi-tt t 
i.».. Ltd. It k, uhisJ by the !•.-< tune* f..r teu-srinm 
poh^ wlwre ensMotlnit wx.uld be untle»lrnl.le, also by 
railway, ibs-k, and .bl|i|iluc eomistulea. 

Tills tl)(eiit Is rhillaeil not ouly to |ir.m-rve the w.*k] 
iiKiilnst tleeay, hot lu render II isniellcally flwproof tis 
well it. atreluetheuiijit It, umL moreuver, to leave U ek^iu 
iiimI .slurlesa. It I* said lo outer tbo hsairl t.f the wood 



rAanoi.iMKtiu, 

nils obtilllled fnou tlie dlsllllnttiiii of coal tar consist, 
liu: of HBt-li oils heavier llutn water, us. with tar^irltK 
help to form cmisotc. There, are two well-known itradea 
of this oil i«i tlu- mnrkat, carls. llneom Arruanus. a pre 

Aveiiariw. nial carbolhieiim 'miiniue de Htm." 

An aniilysls mini*, l.y llr. FlUdmser of the Aral nwu- 
IhUHll isee Trts«-rvat|..li dm H.ds," Henry! sJlows It 
to isuitaln oils distltlllllt at j:ilj den. Cent. (440 de(. 
Kitbr.l, null to isjeaoas tl deusily of l.tB*. vlseosily at 
17 Art. 1%'i.t. ItlB it <U-s. t'nlir. I, as coin|<irnl with water 
l». to contain H>0 |ier oalil j*-r volume of olb, dl.lllllne 
Is tvreeu BISO deie. t ent. I«« dnt. Kalir,), and iTO del. 
f.'etit- (3IH deir. Kitbr.l, and 1B.B |a-r ts-nt of oils fouling 
over between BT<i deg. i/enl, {Ttis de-^ l^ibr.) and :nio 
deit. t.'ent. (STB de*. FuUr. ). Tlie reshlue is a thick. 
tliii|ad red-lirowu mass. 

fartsHliwuiu beiitrsl to from tkl <U-s. Ci-nt. to 01 deic. 
t ent. ( 149 de., Kahr to 3(1.8 deg, Kahr.i can I* etlber 
applh-d to the w.sid with a wire brush, or the limber tu 
lie mailed can ts> Immersed In a Inth of the warm solu- 
tion aceordlim to the uqien-tnnk merhmL tlw htut torn- 
prratiire for tlw bulb belblf IKS deif. (.lent. I Bit? d«t, 
I'.ihr. I, iiimI tile HmlNir beilli; allow-ed tu remillu in auak 
*. to \'i mlimtiss ii.ssirdluf to fllmensliuis and eliann-ti-r, 

ICxis-riuntits hate .|eio..n«tr«i«l that. In tlw nt«e of 
luird w.ssla such as onk and beech, the amounts ub- 
Mtirlsil by the w.ssls lu a tsitli of earlsdliHinn at n tt-ni- 
ts-mture of tin deit. t.'ent. tlti) dpi;. Kahr.i were not 
lm-rense.1 lo any ajiprefliihle eileiit by pMloiusliu! the 
Immt^Mlou to Bll minutes. It ulso aplasira that an llt- 
■ rt«se In Hie tetn|s.ratur« of the Isith to Ml dee. t'enl. 
(I TO den. Kahr.i nud over has i... effort »|s,n the 
inuiHint of tlm oil absorbed by the wood. 

This Is a iirodm-t of ertsssne, .ml Is iw«4 in a »1mluir 
miinibrr to cartsjUtielun. 

1IY1.IMIT. 

Tills iirermratlim Is u proprietary iirtlele. the compo 
,ll loo of whlfh la ■ secret 

The slmiKtb of tlw solution fisr trnilment by 
slim Is given by Hie makers as .-, |sr nun, and ibe unwl 
■ III III the hull! f..r 21 



Aiii.IIut )srii.rlelnry antiseptic, used tu a similar 
manner lo cartiulllicuiu. 

The treatment by lis-n tank n.Hli.sl takes fnim HI to 
+11 inllintpK In n.ss.rtlalm. with the drnstty of I In- woisl. 
Tin- solullon should !«■ Iu«t.sl to from vb dee. font. t.. 
Ill del.-, fevit. 11711.8 deit Fahr. to Blil.B uVlf. r-»hr ). 
uitamsivi- 

A.-.xir*lilut to nu analysis miole by I'rof. Artli ("l*res 
.TYntloii tb-s HoK" Henry i. this niluHon .^.n>.lNls .sf 
snliibiile of .tnus-r. "ii 1st cent, in eryslii lllne nud |siw- 
.l.rnl f,.nn. sulpluit.- of s.sla. sulpluate of lime, small 
(r.tn- ..f fr>s. ^ills-ali-. mid .1 mpis-r milt of »ulpli.i-|dl.'ii.-.l. 

Tlw ii.nliii.-nl is the same as wllh .«rl«illlieilm the 
virennlh of Ihe solullon viirylmc from B |ter tvnt lo 4 
Iwr .i-iit. and Ihe lline ret|u1rnl ls>lnp B4 hours or more 
lmiiK-rsii.il, ii.Tordini: to tlw nature, el.-.. ..r Ibe w.ssl. 

ThU iir. punitl.m Is well mssV. li of oil Ho- folilinenl. 



ornra rma'tasaia ash mili imss. 
AmoUK the liHlii.-r.iio. ..iht-r |h\ivss^ ami piilent or 
pruprietart and other iTeservatite soluihais, many of 
whleh have Is-eti usrd with cotLijilrruble aueeess. um-ii 
Hon may he niaile of tlie rollowluc: lleuiiiuarttifa 
prucesa for lmpivicimllii«t w.ssl wjih various metallic 
sail., on lue principle of tsimotiU pir.slut.ed electrically. 
Aceordllu; to ,.-M<»tr.r4ca. fitrU, 1DUC, Ibe limber Is 
flrst pluctsl In u retort, uiMl co|*i*.r or zinc Hiilphute, ur 
sodluiu stlk-iite, la ln>s-ted under pressure. Tike wtssl 
U then snbyts'led lo tlie action of un altcruutinK enir- 
rent uf electricity, by uwatis of whleh tli» Mate of tit* 
fibers and tlw sup. uud of Ibe Injecled salt*. Is so misll- 
tl.sl thai the last nmiMDc with Ibe orianic elements of 
the sop mid ItKTUstlii* matter and form lusolul.le salts, 
whk-ll remain Oxnl .hi the fibers uud |treteli( putrefac- 
thin. Tlw allcrnuttuc currents, moreoier. it Is claimed, 
destroy nil r.^elulile and unliual tri-rms. mid mnsn 1be 
llts.rs ilwmselves i.< Is* so transformed as to Ua-renm. 
tsith Ihrir lemlcil) lllid I heir lllevhanU-al reslslance. 
ZhK i-lilorkle and sodium fluoride mli«-d in tsiual <|uau- 
lltki nre risoiunwinUil by Mr. II. II. Miil.nkovk". Ibc 
streuiclb of the solulbai, which is umiiI accrtllnit I.. Ibe 
u|a-n utnk system, is Z.Ti |s-r cent ZnCI itn.1 |s-r ts-nt 
Xor*. I'or mine tlmts-r tin- rnltn! ritillea Forest Ser 
vice have e\|s.rliiM'ni.sl with (ll a preservative axent 
ct.iLilslinii of cr.is.ote and i-urls.litieum Avciuirbis ticnted 
to u t.-miieraliin. of SB d<«. fel.l. ( IMJ der. Kiihr.l and 
aiiplliil In two e.sils with a linish; IBi a Imth com 
l»«-d of a I ft per c-iit solution of ciniie.il suit and o 
II |sr cent solution of xlnc-chkirklr and t-rcosote. the 
w.hmI ts'liu; Imuwrsvd or stn-tsil In nu a%wu tank in 
sutvesslve hoi and Cold tulllb. of thU aKelit ; (111 treat- 
ment In a ckeail retort lu ii vucuuui and under lares- 



ATt.tS I'HKSVHV ..TIV>: Sill. I TIO.V 

Tb." i-..ii.|»«1H.-ii of IIiIh uoliilloii I., a >*. 
jh.Ih.mi.. iih. iiihI ci.ii'. iTrilnli.il t.f ii |x.i~i.i|[ n.ilure on 
ctilact wllh III.' --kill. The lr>-..llii.lll of timber with 

in 111* Immn-aluD lu a bo 14 gt Uw 



V |o..|.rl..lury iii,tls..plle ~.lull..ii muile by Major h 
('.... ami applied with n brush, cither eld, ..f. when 
ellniiite isit.dlllons render It itdrlsnblc. tieulnl lo from 
Tl .b.k' 'Viit. to sB d.t. l ent, i n>i dee. 1'nhr. to twi 
ike. I'.ibr l. 'Itiis nolulltm lias « tendency to work 



crtsisote In ll mis1lllcatb.ti of Illy t lies system the i 
U submilted in u retort to Hie ncti.m ..f i 
steuiu nl ii mliiimnm temisTiilure of BliO deit. I'-enL I'lllB 
dctt Kahr. I, which steam U cansnl to (Mas over a rnu-r- 
voir containing crcimte, the j.r.sliicts of condensation. 
c.nu|ir1.lli£ water und ctcosoIc, bcuix then drawn olT. 
Hie retort ailed with a cliantu of cmsmtr, ami «.team 
prenure npplhsl, Ihe ernsosi.. ts'liu; eitracted from tlw 
wiiliT evacuutiil durlux Ibe llrst s1a«e fur further 
nan. 

A system used In France niauy ynnrs nfio, nrul snl.l In 
luive Klvcti excellent results, colkslsts In liUvdluf tile 
w.ssl In a I ii ilk wllh a lujer of quicklime on the toti 
which lime I* slowly slak.il vrllh water. Ibc time re- 
quired for this treatment Is'liiu uls.ui »-veii ilnys. Tlw 
limlsT so treuted Is said to uci|ulre 
j^ti* of hu nines. A iirocesa used in Iwlciu 
flrit In ei[sislu« the w.ssl In a retort to u vacuum nud 
iifterwnrds ImprcKii'ilInk' under presinre wllh all agent 
foniusl by a %i -solution .if irutlu-iH-rvbu to S of jsirulltti 
and heat.il until sulbcleiilly lt.,ukl. An Infusion of 
.piasila w.ssl hus Is-on Il»i1 with ■••llie success, A 
nlr.-inc solulliw of sulphate of Iroo and sulpliate of «i|e 
I ST. Injected Under l>res«ure t lU.uelwrle uud Saw uud 

Kk'iiry-I'lroniwtt pr.m's^s.), A sti>umliu;-viicuiiin-|ires- 
sure phssse., milphate of cotHsT I Have and Kleiiry'- 
I'lrimuett | . this prcsiiei sbmll.l be cnrrinl out within 
iilsuit ten duys of felllne Ibo Umber, and the life ..f 
w.-st ~. prewrved Is affected by the tiuture of the *.s]| 
it may come In contact with. Taninilale of snila und 
water solution of a specific crarlly of 1.2 I Jones's pj.s-- 
i'hhi. Sulphur IniuwrMsl In nitric neld and dlstllltsl 
(Kvelyn's pr.K-eisi. Hot iiuthracetie oil ami at Dort- 
mund collieries. To every intllou of wnter S rnincea 
It .mnces mnriKMi Isirk, .t ounces 
i .rntin-s blue vitriol, solution fi«- iirerenlinc 
ntlaek by while ants. "Sirtor." prtnuirallnn for protect 
Inc w.ssl expnaed lo ihe nclbin of « water fmin M- 
iiick* of the tornlo tn.vatls, and |.revrtitinK decay 
i lVlersl. •'Stu|^^ut.•' u pn-venlatlve of nWay and dry- 
rot, claimed also lo be pr.sif attains! Insects and milt- 
ul.le for use In tropk-al climate's solution ap|dled IxK 
lI'IK-llersl. • Xlderoleuiir consist, of a blend of hy dro 
cnrli.41 oils, claimed to isnaess ffrent iienelrnllve powers, 
nisi r>. carry the eurlsm Int.. tlw |sircs of lire wisal 
uilhisllt presiiire. reiiderliit; snlHiy w.«sl hltrtl and rist 
pris.f. Applinl o.ld by hrusli. nnil Impurts n brown 
llulsh to w.ssl l A inters, .n |. I'lb-terV llwlhisl of diffusion 
In fo-.l.lv ti. nn w..sl Ini|.isi;iiiilbsi with mollen 
hiilplnir Fnl. lr s mHloiil ..f ilndroyluc tlw funel ..r dry 
rot lu liulldlum effcetcvl by hmlini! beyond J.I ik.B (-.nt 
noi dee. I'nhr.i. which Is the temperature at which tlw 
inyn-ilnm of the merulius Ii klllnl. (iwlns lo the fact 
Ihnt w.ssl is a ISM.r rv.nductor of bent, ll is .xinsldercd 
desirable to raise the l. lu|i-nil nn- of the entire bulkllllX 
lo 48 dee. Cut. (KIT .W Fslir i. nisi lo mulltlnln this 
temisTiiuir.' for at lmst ■< b«urs. ll b« Imistttant lo 
Is- .|ulle n linln us lo tlie nmt nature of tlx. icrowlb, 

lis If tlw flinirl Is- BT.IWH IllshU. tile Uihh| bdll Will Olll.V 

exissllte the w..rli of ik'HtriH'li.Ki, ii s funel of this class 
nourish more actively ul Hie tem|wnitiiri* fatal to ihe 
dry rot fuiii.'us. A cnnihlncd seasoning and ptvse-rvntive 
of a I 
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All*.>H|-1lO*. LIUlT Or UAIIl.W.Mll*.. 

(ftora lariou* autboritica. ) 

lllur (Sum I Kur-alyptit. <;1o1mjIii«> - - Aiutrajia 

Imnwraod iHumilia !>cini«h*i Ruun United State* 

Jwm , . - . , Iadi*v...... , 

LncUHt fRnluna jhh'UiIim*«h*» I . . 1'niled State. 

M*hu«M)' (Suriteinu innhoirotti .' <Vntnil America, Culm . 

o»k <Oucrnt* rohur, etc.) Kurupe. etc 

Teak (Oldiicldui Afneaual .... W«tl Africa 

Teak iTn-tona crandu! India 

Sal ox Saul lSlH.roarnlm.la I India 

Si.*. iDallBriria Si<a»/ India 



Swan Hivcr Wood 



iwrul^lr rum 
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a Mililli'.u ...nipowil of 3 |*-r n-nl reetu, 111 l«er cent 
Ixirux, a Iran- of c.irlH*l>lte tif *.*bl Tbe w.mmI I* 

.tacked on a Im.l plate in the t*itt..ai of the lank, and 
auotlier lend pbttc L placed on Ihi- top, the* former 
brine connected with the praHlvc and the latter 

with the necutlie |«dc, ..f n tl)n*uio TIi 

fr'tu the upper pbttc lbrou»-h lint wmhI, by i 
11 1» sild the «up of llu- w.iod bt driven out. and tbo 
win and borax take* It* plain, null* up III* cell* and 
llltetMlce*, 

AM.I1M Or I'll K*r.BY ATI VC AEUMMAUCn BIT YABJOr* WOUO*. 

Ill India the amount of aliMir|)4lciii by hard wood*. 
»iich ii-. i.rinliwlla. tmrieuto**, and inenui ferrea, Ik 
Hated li> !»• 3 inrandn pi-r culdc foot; rawk-ralcly hard 
wo.*!*, gnirh a* dllrtcro-cnrpu* tubcreillutn*, tif-, tl 
IMmnd* |«rr c-nliU* fin*l ; and ...ft wo>*l* inch an plnUH 
.■xcel.ii, pb.it* luiulfiilla, etc., 10 puubiU i**r cubic foot. 

lu Knliioc Ibe w<**l» most commonly mail fur *locner* 
are iwk. beech, or pine, but Mr, lurch, ami eh..*tt.ut arc 
iipl.i.ved. The Krotich pruelk-c Is lo 1m 
■ mik .IceiH-r* of ataxic .1 cul.k- feet with from 
N> to 12.3 libit* of rninniCA; tMii'h or pllle fllecltcr*. 
with nlnnit 44 pint, of crcwite ouch. Ibe HUeatloli uf 
!•.■»!■«•. boa ever, frciueiitly rendering It ib-drabli' tn 
do uilh n l<->» nm.niil. Amirdioj; t«i th» wrtn-r nf an 



tlin .ir slis>|«.|is fmin 111 In 12 i^iiiiuIm |*r ruble 

for dlllli'lmbin llniU'l-o. friitn l-*i tci Jll pnulKb* |»T 

fuol . for pile*, from 31 jk.uii.1h In |nmiiil« or tuotv 
|n*r t'lilik' foot, lltbor I'XtH'rta ndvlar tbr lojivtliiii Into 
Hi* whmL III tlw ftill M'll rrvxiti' pr.n>»«s. of fnmi .1 
IHXIIiilK to I a IMMIlld* of mi*-.!* oil |K.T cubic fm.t III 
tin- vmm of railway tint or »liHtK-ra. nail from lu imnuihi 
lo Jii pounds. }»* cubic f.M« In the caiu> of ttnhvr iiimI 
pllltiil 

In tbc Ktii-iilnx anil lj.wr> j.riwiiiwcs the wcmnI la Unit 
impregnated wllb fmm 111 |N.iind>i lo 12 imiudiU of crcn- 
hiM» M |»T cubic fi«il, tlw ininmnl Irfl In the wi««l 
H\fV ihi lc«vln«; the retort Ih-Iiii: from 2 laxlllldii to 8 
paumU i«.r cub!* fouL 

Mr. J. II. Card, wrltlne lo the F.wUu»ii*9 Vr^A 
(New Y.*k) In ttcl..l*r. It"*, rcmnrlu Unit the I real- 
mi-lJl of Htcci*rH with mxillll done* of creosote oil him nut 
Im*cii a Mlrcetoi cltlier hi the I'llltcd SlalcN or III K«ri»|a*. 
hi t«.riwony the ii-iml ninotint nf oil iiaed for Hu- 
ll. 12 iwunda jicr cnbk- f.«it. 
. Snn« * fo., MiU who nw the 
Kueiilns pr.Kvwi ..n an cxtetiHlve «»Ie for ti>«tln»' Iclc- 
lirnpli laden. »lve Hie folli.ulnjt iwult* i4 n Put with Ibe 
latter a* lo nmiKiiit of rm«i<f ..II ab»orl«-d and 
11 
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arllcle wlilcb appeared In l«»3 
d'A faemiiw tic >er. the • 
l»-r «l.a.fH.r hy th« prliicl|«1 
. of wood, arc aa follow* : 



Diarrip- 
tkm »t 






Oak 

tlcrcll 


All 

Nnrtlirrn 
W«u»n . 


II u. 13 5 lahnirp. limit;. 
2d 5 

:« ui 33.23 

■.a. -a 

M 

atl 3i;.l.™rpll«olimil( 
31 

2b 3 


Beccli 
B«ch . 

line 


\ PariH-l^yotut- ! 
] Medllct-raocan '■ 

r jiMtrrn . 

Midi 


I"ia- 


! ParB-l^oR-- j 



Mr V. Ilerwnat.ln, In the WaJl^la ..f lb 
national Kullwiiy CuiiKrew (July. 1910), from Informa- 
tion, collected from a number of rnllwiiy e.iio|«lik-K, 
(jive* tbc nrcniite life of creiMiiled sleeiiera to t«- u* 







Total 

y.«r« 


CwofcOtcd Pil>e. . , . 


13 


3 


20 


f'reo«i>li-<| 0»k . 


IK 


7 


2 r . 


f>*naf»ted Beerh . 


20 


10 


310 



Piwcnl practice IcDd* lo liit.*-lt,* of an 
iimmitit of oil i»-r »Uit«T. A tvi»>rt, pcwcnteil nt tbe 
InlerniitUaiiil Hallway tViiiAjreiw lu I<t1k3 l.y Mr Iknuu 
hlcln, Hale* Ibal Ibe practice on the various line* In 
thl* country wu* to Inji-ct from 7 to 10 pounds of oil 
|*rr cubic f.art, wltb un iivetuipr life of 1*1 to 20 year*, 
mi InjiTlliiti of ftoiu 7 lo .«> |».in.dt ]«-r cnlik' fi*>« irlrlnc 
mi iiTcniire life of froni 1-' lo I.*. y.nr*- The 
lii*erlrd. aecordliAC Ir. laler practice. I« from :m |*>uu<l* 
I.. :t3 poiiiulH i» r Hb*<|*-r, In Knim-v In t |».auil* ..f oil 
|*-r Hlr*-|*»r Ik u*ed u* tl iiilulmam. 

thi IihIIiid rullwuy* IIm- iimiMint* of ell Inji-ctcd Into 
*lo.^H-rr* of varbitiH worn!*. iir.i a* follow*: lleiH'b and 
pine, li> pouiirlx of crciwiie oil |«-r cubic foot; harder 
wood*, *ucb a* oak. 3 pound* per culdir foi.l ; plh*. „f 
conl fi-rim* wooilx 2<l |»nmd» l«-r elllike foul. Wlu-ll 
clll.rflik. of nietrury Ix lifted n* an anti*cptic the 
ani.iniiil* u*ed |ht cul>ic foul are for bard wood, !t 
IMmiid*, m<«lfrutel> hunl. II |w>ilud*, and at.ft, lit |«mhm1*. 

Mr. J. 11. Itaip-rden wiiiie* t/*iT*>-*uftM{rA |n*i. i*. i:., 
l!MMI that he tin* e\|».Tleneed no dlhVltlty In l.i'ttliu; 
Into pitch pin.- 7 i.iiii.l* .-f cn-.»ole oil j».r ciil.lc f.«n, 
In tl..- I'lillcd Stale* tl... i.h.uiI nuHKItllu of creuaolo 
I to be liij.it.-d are a* folWa: »'at railway 



Mr. Ilaunacr. of tbe Midi Railway f.uniaiiiy. rraucp, 
In bb. report u. lh« Hcrcntb Sc*li«i of tbe Itiillwuy 
1'imitivm, ki>»: "Although It I* rery illlllcult to lay 
down a rule Ihut would lie at all ipracnilly applicable, It 
□HIT. IbowcTcr. ho *ald that tbere U a lll.illdui..it* opluhqi 
thai lackllns or pn-aervlue iruip-rlally leila-lhen* IIm- life 
of xli*-|H>r*. aii.ronlmiltely diaibllult ll In the caw of 
>*<k, trlplllijc It In the cane of iilne, and gulntupllnic It 
In tlu- ca*e of beech." 

A rocurd of the rciuovaln of tics or alm^H.n. on the 
New Mexico mid ("<>lorudo dlrbdon* of tlu. AlcblKill. 
To|«-ku and SnnUi Hallway, carefully kc|K fr.ua 1M»7 
i Ibe averuse life of llicie »bi-|« ix wblch 
iSih? taunln or Wcllb.mi 
to I*- 13.11 ;<«r*. Tbe nnmla-r of Ho ■> 
t mi I nl In Is*.-, w.i* 111/aKL At I he *u.| ,.f |>«i7 t|„- 
rin.ribi slmwed that 77."HO hail been reinor.il 21 yeiir* 
after laylns iIowil ihua leaviiiE 3i,3tci a* liavlue Ihh-ii 
ri'iDoxil OurluK the rear* when no r.-eord wa* kc|«t It 
I* lo be oliw-rved that no care »..« taken lu »i-l«-iliu: 
the al».ic 1 liquet *Ui-i>eni, and I but many thoiwuml* of 
tlliiu are *uld to liave prrarrrnu-d *» fur lowanl ikiny 
Hint but little prolnnttatlon of life cv.uld be ioiar.il 
fr.mi the pro»riiiilve lr.iilaj.-nl. Had ull Hie deeper* 
lai'ti careflilly leh-derl tile avcruec life wouUI uudiait.t- 
i-dly bun- l»iii found to I*- cuxl.lersil.ly tor.it.-r TIm- 
n-cml* or the Southern IMrlflc Itnllwav 
life of fr.Kil * to II i.-llh* for lHinrettlre.1 
Acica (X..w York, 



•.ult* ohtuliHil iii llu- I iilt.il sun.-* *ho» ihul. by H.i- 
uli.H-bb.rbb- ..r biirnellUliu; treatment, tbc lile of the 
Mift w-*«l* I* tw.re tbnu ib.ubl.il. nieuuliiA,- a life of rroui 
H to 12 for pine tlurt UMUnlly la*t* frwu 2 to 3 j.-ur*. 
Tbk* la tbe mean life, the nctuiil Hie Ik-Iiic fn.in 3 to 
over 21' year* for treated pln»- tt«. or >di*-r«-r». a>»lu*i 
from 2 to 7 f-.r tlx- untreated one*, f 'reoaMliuc Klv.*. 
from 23 to in |«-r <*-nt more life than Hie ilncx-hlorldi- 
pr.**-*>s hut Ibe cut of thp former 1* thni- or four 
time* that of Ibe latter, ami mori-over, to ibe .*>*- .*f 
«evenil wo.*l* rnurojte oil enn only be made lo euV»-l a 
Nliperttclul l*.t..-tnitltui. The Injeethtn of frimi In to 13 
|«iur*l« of cr4i.»i*e idl J«-r clll.b- f.»4 «f w.»»l, aeei>rdll.B 
to Mr. t urd, tire* a life of from 12 to 30 vear*. 



f.«.t; unt or rmtrtm axu TiutAfko r-Lmn-Ba* r*..u uata 

OlVaM AT Tilt l.EWl* AND I'Llllt II 

i-oim.»ND. uur.. 11)05. 







Lite l a 


Life 


.*|HClr* Of Hk-CUrt 


rTOowa 


tfrfe-ixl. 


TrealeiJ. 






Yran. 


Viae 


Texa* [yjne-UV Pin*- 




4 lob 


13 to 20 


Texa. Short-Leaf line 


Huepinc 


.Ho 3 


10 to 13 


Texa. Lobuilly ItlH- . 


KuepiiiK 


2 to 5 


10 to 13 


Wa^hilAirtoll lt.*i Kir 


Znti. 


5 lo 11 


10 to 12 


Mont. LudfrcpnJc line 


7.0(1 


4 to 3 


10 t» 12 


Hla<<k ililU Wtwt-Yell.iw . 


Zn(1. 


3 to tl 


10 to 12 


Murbittan Hemlock 


Wcllhouae 


3 


in 




W.4lhouae 


3 


10 tn 13 


iw-u 


t'lMiaote 


4 to 3 


jo to :*> 


Ri*J Oak 


f *r.«IMl1e 


4 tn 3 


211 to 30 



Mr. Itallerdeu I /Wit ifiny* ItiHl. C. B., 1SJ04 1 state* 
Iblll aboat 7 imunil* of creosote oil tier culde foot lit 
Jii-inl lulo pile* at a lemiN.raturc of til d.ii. t cut U"J> 
de». Knhr. ). mid laremtirv of ia» iwflml* |» r wiuarc lu.-li. 
cave i«rirte. lb.li aituiied Ibe marine worm for I* your*, 

Mr. De Kennond I L KUi Inlru. I'ari*. .tale, that 
ollli-tal but* have *hown tliat |io»ia treali-d with ro|ipcr 
-i.lplu.le have a lire of 13 jeara !> uioiiih*; by llu- Kyan 
or mercuric-chloride priare**. nearly 17 yiuir*: and by 
tbe cruwotliux pr.iccm. 10 y.»r» h niouthk 

m*r or i-aejMikVAruK T«i:.lWkXi. 



ubly, aceordlne to the l»rlnjt Ireatiil. Ibe proem* 

.-nililiiyiiL. iiimI Ibe country', or even (he dl*trl.-t, wln-re 
the w<*k I* I«4iik carried out. etc. 

The coat uf creonotlnie In KuiElauil on Ibe prcsxurc 
ayactem rarbn from 3d. to ,'aL |rcr cubic f<»*. In uccril- 
uiicc with tbc price i.r the idl and tbe uiiHHint liijecied. 
Kor c*lnlc work the amount of oil u*nl for Impreenn 
Hon t* icenerully about tl.TS KalliHi 1«-T euldr f.*.t. uud 
the UlM.r of ..uetidli.e to ibe working of auclt » ere..- 
aotliilf pbiiit I* ralculnled at ri.VI. |*-r cubk f.nt. At 
Ibe preietrt time the prhv of i:reo*»ite oil I* bl. |*-r mil 
Ion, *o tluit tbe iirliv work, out ill 3.3d. |*-r cill.tc f.*.l, 
fiMe.illi.ij tlmU-r rot riilluiiy puriAwi- cwt* for pine 
and ftr fruui 2.Pd lo S.ld. l«-r entile f.Kil. 

In ln.ll* tbc co*l of Inipri-tcuatlil* railway *h*.|H-r* 1* 
tflreil a* 1*. for 3 iM.illld*, 2*. for d 1 

10 pound*, luiprelfu.ili.4l |*-r Cllhk- 

011 ut 7 uiiiiu* llbVj.l-l iter latllon. 

In Krnnce cre.**.itue nu the riirl*-l^'...iiK-Meillti-r- 
niiaiin ltallway l* ulicn by Jlr. l(erxcn*tein t/'a'b'fia 
of Ibe Intematloniil Railway t oeiRTca, ltwi 1 a* for oak 
l.thl. tier culdc f.aii. for fir 3.4d. |»-r cubic f...t. on th« 
.Nortberu Itnllwiiy. tilth Hie lil.vtbe rreo*otliii{ proee**. 
l.sl. |»-r cubk- f.H»t for oak, and 3.3d. |*-r cubic f<*.t for 
nr. A writer ut tbe Hrrm' tlrurinU- rfet t'A.'aftaA ri." e'er 
Itlve* Ibe iiTeraite ciwt of crn**illu« on KreiiHi rallwa)* 
n* I*-1i.il for i*ik *,tkl.. and for t*i*-li or iiIim* from I*. 
3..VI. to I*. 11.3d. |^r *lcel»-r. accimlluE lo Ibe amount of 
oil lnJ,*-.e,L 



ii'ttiximt or zjni'-eblonde pr.*.'- 
eaa lala.ut t j pound uf dry zinc 

Iter cubk- root) 10 12 iM.i 

WdlhoiiBf. or xine-tannin proe.hu 

I li poiind of dry idne plu. (tlu. 

and unniu i« cubic fool i ir, (sd ) 

t 'ar.1, Uiiiki t ..r xiii.-en*».oie pr.M- 

m l l >i pound* of er.«.a.le oil 

ami 1 pound <aT dry tin.- perenbi.' 

root . IS ,».! , 

nuepuur. partial n-ll itciicc*. ^aboul 

II poiintU of ortwaoto oil |a-r cubic 

foot) 22.1 1 1 l.l.l 

TxiaT>-, iMU-tial ...ll |itim*«i. [t! pound* 

of cniuote oil p*T cubic f.a.t t '22-j (lld.> 

AlMorpibm «a* o|*-u-larik iiroriv* 

.alaiut t\ iwund* of emiaute oil 

p.'r.'ulae bail) 211) ill . "..I. • 

Ku II .I'll erc<.!«.le inner., lulx.ut 11) 

|*iund» of cmiaotc oil |»T cubic 

foot) I .333 (IB 3d. | 
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In ihr rutin] Statin, fn.m Infiirtniillnu cumuUn] by 
Mr .1. I». Joist's, I'l-rnuUM-iil Way l-.iiclliaa-r la I 
Soiiiln-m l*)ir|ik' ballway, tt ii|i|%MrH that lit liiiklttiaak 
fnl.. mat I^iIIiiiiu. Ore-. Ilia* tliununt <lf <'mtHiKV nil lll- 

J*-.«.»-.l I- from 1.1- uttLltiii^ to l.ls million l**r nibb 
t*»4. or an iiv.-ra.a- of ulw.ut lo |x><ir>ib< |a-r ,-ulili! U*A. 

mi.l II*. iu.-nilt.--.-l <ll« li|i|liim«rt r "II. rui-t, hllmr, 

tii-Vitilra <v. «l! un-lo. uixl »Mrn Ik I WW rwita. nr 

hi. .i.t >.l |.r ruin. r..n. Tin- iivi-rni:.- Ila- nr sl.-r|«-r 
•l— -I I" Hi- lull.-.! Sliltra ihiUHk iiniri.vlumlH)- Ik.-, 
fw-r 

Tin- i'imi of lr.nlinic InkI w.nnIi fur ihivIii* tilm k* Willi 
Hi |a»ii]iili> <if oil |«t ml)!)' fi.il la HI ii-iila IML) |»rr 
ml* f— I II- authority ..r Mr. «..«.-. for Hip rull 

ar.-~.li- pri.i-*-.. with mi Srij.nl f 15 (..utiiU of ..II 

la-r tulili- fi»it. it H nilil.- f.Mit tie .ir *l*a*ra-r ivouhl i*t»t 
:>JHt rviiK i I1i.l>-,l t, :.nil it .1.7". rnbb- f.Ntt 1la> .ir nto«.|v-r 
47 (IT. Knit* |2II!>7«I i TMn work- .ml at I27h rvnl-i 
ni.em.) i»-r nii'l.- foot, iin.l U.r.2 huh <i;-1ld.i |a-r 

I'UImP f.Mlt. 

•nil- AIII-clLnbui-r- < -.aiapaiiy, Mll.iuiikaa. Wla .. itln. 
Ilu- f.il|..»liii; aa (I ppnixluuil.- n~l ..r Irinlb.*- «lii-|>- 

i*n*. i-xrhjalvr .if ri I. II 1 1 U— . h.V ll.l- M'YPII IU.N.I IL-al-*l |ITI- 

aa-rvnllvi- iiciwm'v llua* itnTiis. 1 -Iza- of laa-wii II.' i.r 
atVr-ja-c la-litc 7 Ha-ha-, h !< InHi.i. x * '••■•! *« nlhla- 
ba-4 : 



ilu- ii.lxlilK.rlni.i.1 ..f lil. per eallixi, and |«urv iliw 
. hl.irl'l.- <il 'ii ia-r l>iuil>1. 

Tin- <m*I i.f I r.nl Ini; t<l<-»-|a-ra 1.11 Ilu- rlilorbh- nf nine 
pr,*-,-** lull. Ut-ii found by ill.* Stmt lu>rn I'ai-tlli- Hallway 
1 ".inilain. In averflii*', with two nf Hn |**rtiil,U- plunta, 
s.2" iviit. t -t. I<l. • iiimI 7 41 Cent* l.'S7il.) l*r Ih- or 
-In-lii-r. ..r 2.S ifiil» I I.2M.I |a-r table f.N*. 

TIw /In.' numb., ..r iViillli.ii**- pr.Na-.is l» .-.iiisl.l.-nililj 
won- a-tiN-n-l-,,-. til.- u.'tiiiil eml hi f..iir uf lln> Hluital»r.l 
Ui*rl.t4 In IIh* I'iiII«I .Hlnl.'K Ik |£|v.'|j l..v Mr. H.iMe lit. 
Mux. fur ii :t 4'ulihi' fn't Kl.«*i**r. 7. SI .vtilM l ;v.\kl. I for 
rt.fiiiliiil», nli.l 4.lil cutx i'lZti.) tor IhIhit, n t.itul 
• if 12.4'J wiiN iiVJlil.) |n-r hI^iht Ammllnir t.i lliln 
II,.- rw< |»-r ,-iil.k f.«.l U «ll|elil)> ..v.T 4 .H-nl« (I'll ). 

Tib.' Itl>.'|ihi2 |arlliil o-lt |ir>Niw. v>llh in 

Hod tif .'. | 0- .if iir.-.^.rt*' ..II i«-r rul.lc f.mi. nitil 1»k- 

bie lur oil at Id. |«r cilll'ii. iiwln atniul |«-r 
t->lhlr f.Hrf 

TIm- ohiI .if lll»- fclm' .'l>»i-ile |.r.x>--^ lllllltft-r Mini 
1'imli would U- aliiKil .l.iVI. |i»T rxililc fo..|. Ili^ liluli.-r 



f.«it III addition Ii. rlii- i-n-.«.t.- oil. 

Tin- n«i of pnx-rvinc hy tin- >'rr-»olmk'liini 
U xluli-d I.. In- an follow* : III l.lielalid. <>.47il. : In 
iliti. o.r.l. : inul lu India. <».IW. i» r cublr f.«n. 

Tin- .-.wl of ii..- Kaii luirli r |««i.-lll«lnii |.r.«-.-K- U 



i <><t or tiii-atini. »M:»:rrit* ritr.u inn ..ivr.x at tnk mc»« ivo ruu irxinniTixv. roim.AMi. ohk.. IIHIV 



.J Tu-. 



Animlill «t !><y-«»viill>.-. 



T.-m^ Umir-UxT IW 
T^va.Sli.K-1-lj-ar I'm,- 
'IVxa^ l^iK'.dl.v l*im- 
Wtbdiinolon H.-ii Kir 
Mont. |jxi4»t-i>oli 1*11,1'. 
MliM'k Ihllw W.-.I Y.I1..V 
Mirlnoaii Hi'oiliK-k 
Mi. liW,,, Tl. r».-k 



|{ui-|>ini; 



! ilu. 



1HOK 

ltu.-|Mnir 



1(1 IHiLli.l- rmrmita- J» r Jl-.'|H'r 

Kl iH.unili. rri-o-u.l.' |K-r 4i-.-|i.'t- 



SCiil'l 1 1 |KiUDii i-nrmit*' p.T 1'iil.ii' fixil . 



Id.) Oak 



ZlK'l 
Zl.fl 

WllllnHIW 



(Mmnil .-r.<i»iu- |«-r i-uKir f.w.l . 
. i - t iiounil .'r,<iwit.- |wr ruKii. f,»,i 
' i jM.iinil fr»tn*il«- [wr i'«Imi- f,w»! 

I j laillllil rlUKti' por i lll.B' f.Mll 

M IH.UO.U .-ri-.~..t.' i- r Ji-i |H-r 

, rm .«.!.- I»T J.H |»-r 



III .-.-III*. 
Ill ,-.-nl* 
III i-.'tU. 
Ill <-.'nl« 
10 <MT1!.1. 
1(1 i-.-iil». 



12 
III! 

;*» l i nt. 



■S.I.) 
(S.I.) 
i-N.1.) 
) 

(oil.) 
'--I.' 

m.) 

slid.) 

r.V (W.i 
il». M.> 



A|i|'n.iliitul.- ii»t of tr.Mllns wohI ikiiIiii; til.M-kA, ilio 
tlNO.-il iIIiiii'IixIoid. Mug X.'i IiiHii'h lo t Iim-Imw .|i>v|» iiImI 

■mi rr.»u ill r ."! Iih-I>ix :-: <l mkIh--. :t lurlira X K 

Im-Iim. :t llx*.* X I" In.-li.x, I liii>li,-> x «i Inrlim, or 1 
Ill.-ll.T. X HI Iih'Ih--^ S.-»Moli.-d lil.H-k-.. Hi'luliliii: mInriK 'Jll 
ImioiiiU |H-r rilUic foul l 'om| lan.-tl i^i I't-.-oonl^ .ill a( 
alNiiil ^.1117 | nt ptlioi.. anil ImiIiiimy- of lr*-a1im-;,l ^i.lrj 
|nt nil.lf foul. 

Tin- I-.N.I of tnttllt.i; |i1Ii'h Im hiiI.1 lo Ih- |o.1ii |a-r .-illil.' 
f.«.l. Willi lo inn.,.'., of oil |«r .ul.lr f.»n. .villi n.l.ll 
liolial |«iur>il or oil i-iMlliie nil additional m-iit. IMlM 
mum- rrooi s liwli.* to 31 Iik'1i.-~ In dnnwl.-r. ami 
from lo fi-»-t In lal fr*-i In li-nulli. Ilu- ui-.-rair.- i.ii«--i 

riOHlllHI llll.Mll UK rollow<: |ll liall.ra to II llll'lll'K 

diilloi-li-r, t,y 1's f.t-i in U-iooli; 11 Jnrtii-M lo l.*i 
Im lx-i dliiioi'ti-r. to lo f.-.-t In I.-i.is<Ii: » lli.ln~ lo Is 
liH-lN-i dUnii.l,r. I.y i»l f.N-t I., li-iiBlh: s lmli«-« l<, Jit 
ii,. li.~ .llinn.-l.-r. lit !tl f„ | In U-uxth. Iln. li |.ll.-» w. lsli 
iiIm.iiI .V. iM'iinds |«t t-nlil.' rtait, n I mI >m'ii>oii.xI .ir *I.-iiiim«I 
l-lli--*, id-. nl in im.iih.Ih |H>r .-iiltli- f.N«i 'I'ln- iivrruia- 
Iri'iiliiii-m of |>ik'K In ||h< I I.H.-.I Still.-. U fr..|n HI 

I- U lo _H |- Is or .T.-.W.I.- oil i» r <>nlili> 

Tin- .yisl .,1 i'rii-.olliu iIiiiIh-t Willi III in.il.id-. of m.i 

«.lr "II |.. I .-lllik- fool i« -ilioiil ».> |» r tl sunt l«inr.l 

ri-.-! nod f..> .'ii.li mklhl I flilHl ..r .r.i.^.1.. oil i.— I 

*"7"i h« I- inkl.-.l. . r.>i-irf.- oil U iio- liik«n m |no7 

r*-r ^nll"4i. 

Till- l-.nl of 1ln< lliloildi- „f ^lii,. or I.IH'lU'lllylln' 

|.i.«,~. f„ r i iiniM-r. u'lili '.j iniiiiui of ilr> tIii. .Iilorldi- 
m-r itilil.- r.H.I. In tilKnii Ml |» t Him l.-iinl f..-l. Tnul 
iM.i.l "III. • 1'iiriiHlijliir .-..-I* iiln-iu Ik.- -.ii.,.- iim .-n-.. 
>"ll|o;. .lr_. r«l. |«'r tiililr I .«ir. 

Ilu' |irbf of .oli'.l d.lli.uili- ii-od Ii, ilu- kMinli 

Ins |.|.*-.-^- bus. .-..01I.I1M-.I «lth Ilu- >l..vi it.-«. of id.. 
|.r...... . ..,,-,hI ,1 I,, r .11 In,.. .Ii-n^,. I,, 1:1,-1.^,1,1, .,,„! ,u 

Ilu- |.,-.-.-IH |I||»>. |.t..l.,il,l> II., I !.,!,. I Sl.ili- l« il 

II i.ly l'<«>.' v. H.-t.- II I- — -■ i ■ • o-iil 1.1 Hinm- .-Mi ni In 

.-.'•11,11, l.aiilill.^. »!„-,,. II..'. .' H diHI. nil. Ill ol'lillliliu; 

rlllnrilk' of ill,. I ..II ..f .l.-'^olr III Kll4.'lniul III- 

|,rl.v ..( .'..in -iv.- Mil-llnuili- I, -ii. Ii u« I., ri rub-r it» im- 
ii> 11 |,l>-i J..1IU1 iiunil li„|»~-il.l,.. ,. |||, , r...* II In 



Liven a* 1,1-ihic iii llomluiy ."1 iinnaH |7 '«I.» |H'r ruble 
f>«.r. and In \V'i-*f.-ni AUflriilla ILIlsl |M-r i-tlbb* f.arf. 
|,Iiih lb.- royalty lo III., imlnir.'.-i., WImti. «nsiir l« Very 
rb«i|.. Ilu- cwl. I'M-bKi..- of rovnltb-.. vroiibl. ait-orillim 
to Mr II) an, 1»- I.IUkl. m-r ruble f.«n 

Tin' f.-Jlovj lilt: U Ilu- alfiroillnal.. liv.-nii.v hmI of 
iln|>n'itli:.tloli «I1Ii 15 ilinVrviK ill.ll<rHbn. Ini-Hiillim 
1 vnrtoiii. wiurr.-.: 



1 Atlw. (III |«-r .'.-ill wilnlhHO 

2 ItiUlit 

II (*arl«>lim<iun 

-I «-hlori.l.i of iim- 

.'. Chli.ndi' of ini ri ury 

(i (>.Wil-<-Alriiini 

7 < Y.Wiy I.. ...... 

H Clrin n oil 

•J Jo.Mil.' 

Ill Mbro"'l 

1 1 Itii.'iu'ni; 

12 IWhiiriii.' .obilion 
III Siliirniiin 

14 Snlptiut. of . 

1.'. Vitl'-anuiiii' 



15.1. 
1 7 
1 5 lo.l M. 
.72 lo Uld. 
ml. 
II. In 0.1. 

ibl. 
1. a 1.1 4.1. 

1 ll b. 7<l. 
II lo 4.1. 

1 2.1. 

1 :m I., 7 od. 

I 2.1. 
U 2.1 

2 I.. 4.1. 



mil I I h|.i> 

r'aii'Mm. »lit t'>ttnl* tu lo I'-.rt.irf. ft it in flint* of 
H tnil -fii-i *i < rt»q U'./Ak. Tlu- followbiv; |rolnii. an* 
Kl.t'ii lo Mr. Il>nl--i. IIm- rc«ull i.r ml.'ii-.l..- ri. in-rb-lx-.- 
In Ibl- l lllli-d Mill.-.: Ill 

liroiM.ttl -.1 Ibioiii:! I to 

l2l TII.-.I ••aril |UU1 -lioiild I.- |.n-|..rll-.i»-.| lo do ll M - 
.l.-lr.-l »..rk. 1111.I a< llir Kiiini- tlnu- wi |.r»t><>rl 1.1m t to 
all Hi.- oila-r iinrN llut llu-r.- will In- no n^.-lrw. or -.nr 
lilio. .-ii|-.ii'li\ 01 Lir-rb-o. i-mt i;li Tbnl ini-b |cri 1-,-r- 
riKfm ii- riiiu-iioiiK iii ih«> io,r-i .lirii'i .«cn| in Hit- r.ini|aV4 

nian.iir. Ill TImI rvrrj |«irt 1 f Ilu- l»-»l uiiitiofai' 

llil-r. 11 Hi. iiuivl li lLilil.' for lii.llns si->iIit. -.i lh.il 

l.|.ill^ o. ill I., li.rr III. -iiiniu ba.. of lion- ,.i,.l i-\ 

I.*.. 'I'bnl Ilu- worliliii |-nr1> ta- 



ll. I'll; .K" |I| 
I'.. Mil. I. .if 1 

|~ r 1 ul.ii' 



;t>. iii.-ii.* 1 

rii soli To .-ai b »|iur.' viird 2 ■>'! riiliN- f.i-l .1 

"' lil-a-k-. . .|o I IN IniIII.iI. |.S 

< o.-ir. 42 IP* j„,„i„|. 4s 
VV.-inlil aflrr Ir-j-lniMil. ... I IT 2» t«-iiii.l-i H.s 
Al.pi-i.-t.rno>;. ...-I of irrullliic t II .ib * (I 
("nioiili 17 ;(| |ionliif» .>! 
W'iL'lil ufl.r tr.-iittn.'UI |,VJ lit (miuii.K IM4 
A|.|. iMUm.n. , osl of iri'iiliin; * II II * () 

< ri-i.M.li , -,'J IK) i~.on.l- lit 

W. iirhl nflir li-.uliu. lil |-,7 HI i-Himl-i Jl«l 

Abimoimal. -1 of Ir.nlinB t II p. 10 



ini hi s 

mi ,-ubii- f.', 

(Nl |MKIII.I>I 

(Ml pol iimIh 



I.-. 

IM-nii'l-i 
HI iioiiml-i 
."»l 

(m inmiikU 
tm [hmiiuU 
f.| 



sti iirrai, t -«l «» to In> |inii.ip(l» ..iN'ral.-l wltli lln- lm«t 
lliainilil lalair. (Ill TImI III.- plan.-, of nil Ilu- i-*m-ii(IuI 
lurlt. Ini fully .l.i.linii'.) nod piv|Niri-il m tli-jt Hirio 
In> 11.1 I'Xlni IiiInii- or .b-lny iluriii;. i-n-.-tioiw |7| 'I'bnl 
lb.- iirraliHVliM-nl of Hit* wurk. la- -111. Ii dial ain-urtili- 
iilrutiun-iui-nlii mid ut-li;iita 9afc.11 II la- prorldril for. -o thul 
It ahull la. |.i*ilbla- In know -.hat l» In>Ii, X .Ion- n< any 
iim,- im Tlwl Ilu- oKnilor ill lln- work* -tin II la' 

lll'ir-ouiEllly ii.|li|N Ma-hl, r-. lNTi.-lN-.il. tlior.nlitllli 1. -I . 

Illxl fnlllifiil. «i tu lo In- ii Miri-it-n-inl In Ii»i-.-ii i(ii- lau 
|airtb-a i-i-iiii-rni'il. 

TIm' iiK.ri.ilainl.- wrliclila in Ion* of iiunlilin ri . 
with two rw.irta for wortinir tin- tlva> iimwi u-nnI |in«- 
,.r biirii.-dliinir. -IHi: 
IB I ; .liK-.riNN.iM.- or llnlt-.r-. 
.Til . Itua-plnir. :t31 : i-nnaoiiiiu. :u«. 

Tlir followlfi-; prnetb-r btitf i:ro-a.ii up 41 Dir. la-lnra- 
t'liaioitr'- irorki: III To r.-fu-a* In ir.-al rrai-.li ml 
llinlN-r. but lo put nil .curb iIuiInt »I-iwii lo s.'11-.ai r.'i 
To U-^ln tlir Nprlnir n-h-hi'. trrntbn; by Ht.-ntriiou: tin 

lr»» lln- tlio.ta.-r l» ,.r Ilia. int.-. I y.-ar n i-tillliu: 1K1 To 

"inll -l.niiili.c In -inniD'T anil iniluiui. '..In n lli,< llmlN-r 
larovi-N to la- tii-ll NratainiiNl. 

Vataarliia u * Fantiliter. A SwIk M-i<-iiti»l. I"r. 

Klril..r. baa dl )..n-.l Ihal tl,.- Hah,., aim I, -.(i'l lurif. lv 

iNiM-r Hi'rrxiliiii.iim and IV,iti|N-ii i-onluin UrRi- i|lianlita'> 
of p.>buli and rlu.v. fn.m nhirli an a-Ki-.-ll.-iit aifrirultiiral 
ft-rtilim-r ran in- nblaimal. Tha- wlmla- n-|rion ii. vrry rirh 
ill pnlaah, and II ia uli.l \\H' llnlmn uiin riiln, at In »ni- 
oiuly inta-li.linit In ainmnii.' III.' 1 \pl..ilali.m of " V.~uiian 
Mini-H." /..» .1 tiiwi/11. 

Wk w lab to rail alla'lili'Hi to llaa- fad Unit wt- an- In a 
|aav|tloii tal miliar iNHIIlaHrllt »»-rvb-a-.- in i-la-ry braili'ii 
..f (uita-lit or traili' lihark work. 1 lur MalT U i-onii..*.-.) 
of oiiN'biinl.^t. rliN-lrb-al lllal .-li.-lul.-al i-\|N'rla. Iboi- 
■ aiehly tralm-il lai |>rr|ain- inul pnaN..-ii|i- nil |ait.-iit m- 
|tlai-iill"ra». ImilM-all vi- of lln- i-niupI.'S nallir.- of Ilu- 
•.lltijrn matter Inrolvi-il. or of Ibi' HaN-bilUni. ti-a-bnU-al. 
or arlnnlllr linowbaU'i. r.N|Ulrai-ll llwr-rfor. 

Wt- nlao liatr aaaaa-iatna tlln.lM.'b.-lll IIm- world, v»ii" 
aaaiat In Ira- pr.iaiN-liti.iti .if lailifit ulid trmb- mark up 
plti-iilbiiiM tllaal In all 1-oiitilrb-a for.-li.la 1.. lb.- I 11H1-.I 
Slillin, 

Miss * Co. 
' Mli-ifi.ia. 
IU11 ItriKiilaay. 

Ni-n York. N. V. 
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The Scirallfic Arocrkan Publkalkna 

SH. iillrl. rl,^ii.a,i 11( >l.^. i, al.ll.Wil la7«i 1-1 y.al »r. in. 

H.-I'tiltlli' < ll.aa ,-m,ii.IIoi,-i l*«.-.i , •• lllaj 

i«-ri.-j.i II .a an.t '. ...Ini. " ^'ni 

Th* i._ l.lu il -„l... rli.ll.o mi.- na t ran-. 1.. t-.r. l«-r nlrlia. 

lln InttlDH 1 '.aaaa.lt.. alll !• luriilall.-il U|n.ii M|nj>ll> fel|.-tt 
II t| I.y po.lal iir ...|iavw itniii. y ..nl.-r. rania. .Ira ri or i-liii-k 

Munn |& Co., Inc.. 361 Broadway, New York 



Tin /aiir/mair nf the NM/a/i/a iNciil ia fo pttMi»h 
llir mnrr i/a/«.i fatitf ar«««««aav«ir »tn nf ilinthi 
r/WotfV.l/ fir *ii.,i/i(/,i»f«. fo tliijrnt xii/nifitVlll mil 
i-lrx thitt ii mm nr in fin o/M'r/it jintilinitiim*. nuil 
ulhnjrtkrr tl, nffa'.'f Ih, ni.iaf >„t,<l«>,,l thoH-jht 
in ai'nwr ilH.f iutln*lr» lh,i,ifjh,,ul Ih, „,„l,l. 
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Thernio-Electric Measurements of Stellar Radiation' 

By the Aid of a New Ty|X' of Theniio-Klectric Junction 

By A. H. Pfund 



Is tint yaar 1WII I'rnf. R. F. Nirhiila pill biheal nn 
account <rf his radiometric dcia>nninatioiu <if the '* Ileal 
■tf the Sura-" 1 lie was, in faa-l. the BN t.. »h..» thai 
such eatreniely WrnrntH ■MMltlMarf radiant .-ncrgy eoulal 
not only be .M.stasl but euuld l» measured lo a very 
fair da-gra^' of Iti'riini" \ . In spite of tin- a-ncaturnging 
prosptels which this w.wk bclal forth, nothing further 
was da.nc for more than a tlccadc. Within the past ya-ar 
or l»o the »rilrr ha* had orca»ii.n to ah '.clop » "cnsilivc 
Ihi-niHovlwlrW' jun.-li.in which ruic premise «r yielding 
usaful r«-ulm whan applied t.. lhi> mnuuremam a.f 
ri.'llur rualiniion. An the ■>j*f«»ri4jiiii> prcncntasl itself aif 
using the iW-ineh Krs-lcr Memorial He'lector at Ibr 
Allegheny <>l». rvatory. the ap|>anilus »as carried In 
I'lll-burg" and tried nut. Tlx- uork was merely of a 
preliminary character ami It* object wa«. mainly, lai 
la-arti of III.' difficulties which would have to be nvcrrsiner 
ill order thai u-.ful result- might be obtained. In spita' 
<.f the imperfections of tli<* apparatus and tlx. unavoid- 
ably great distance (more tlian 411 feel) between tlx 1 
Hernial junction und the galvanometer, very reliable 
<•oniid.ral.lv larger than those ol 
The apparatus had to be 10 
that I he thermal junction ei.tild be slipped int.. the . y.- 
piece end of the leleMs.iie, from which wires eould In 
led to the galvanometer muuuta-al in another part of the 
building. The actual arrangement usa.il is shaiwn in Pal. 
I, tvlMN d is ihe hru.-vr; tulic- which t-h\x* into the lasle- 
aoonas; H is the capsule eontainiiui the tbenn 
which an mounted nt r. The fn.n1 and nar 
of live capsule tire. <■!..... I bj plates a* fiuoritc (F; and 
glass il.'.i. respectively. The aya-picee ,r.) enable, the 
observer to wv the Junctions and the <tar image. Tito 
ehar.-..al evai'uatur l/f) and the bin.ling-p.wui ({') are 
nltai'hnl a* indicated. 

Two Iffm of thermal junetioiu were maile. but un- 
f.irl.ili»t.l) the one of inferior d. titfti had to be umhI, a.-. 

tl tin r »» of tixi high a maintat.ee to _\ I.M the derinvl 

«eie.ibility. The tyta> tiaed in hIm.wii iu Vik- where .1 
and H are lie- blfu k. tied dl«k» U|h«i either of w hich the 
Mut imafe MUld Iw |ir»]ertnl. The filament. I and ->' 
wen- of a biictiuith and tin alloy, and those mnrke.l 1' 
and 2 were of a bismuth and antimony alloy. Am I- 
obvioita from the Bgure. the lUainenU I. 2, I and 1'. 
I' f.Hrni two w(.ara1e eomuensatilur junetioiu of which 
the blackened disk* .-I und It form the rtveivilu surfaces, 
i dink l< .-.impowd . J two part* w hich overlap slightly 



t.. read dcoWtiniucl.iNcr than llflh> of a ii>|]||niet«r. Th. 
gahanoni.'ter wa>* ihountrd on a Motie jwicr iMiilt up from 
the ground and free boa mmmtt with the IUw. thai 
gning great HaUHtf l» lite instrument. 



ill thii rather long time of rxnoaure, the dell, 
so constant that, nn doubt, a eonridn-ably 



lotiiri-r <'X- 



sy.tciu is neeeasary in order that any itray radiation 
from a warm ma^s of Mater \ a|M.rori , arbon dioxide might 
fall upon both junctions aud thuii proiluc*. tw> r«MllUbt 
galvanometer delleclioa; while the radiation from the 
■UT, falling on but one junction, would alone be re- 
■ ponniblo for the cffcetn oharnr.l. The ma uf each disk 
waa 1.1 nquare millimeters, and Uw «|>aration of their 
csMiter!. »a» 4 millimetew. Ah this feparation wan un- 
iwxBaarUy large, a nt«sjnd 1>|k. of junction, shown in 
Fig. 3, •» eollMnteted, Here the disks were sejaratcd 
by a clear space of 05 millimeter. As better o.rnpensa- 
lion w to he obtained by the use of this type of Junction, 
it is to he rccnniinetidcd for future wort. The actual 
mrlhixl n* making llina. delicate junollons has bn-n 
deaeribed elsewhere.' 

Thoevacuator iff l, F«j;. 1, in ninply a highly cxhaust.Hl 
vacuum tube conUahiiu: omiauut charcoal as one eb»- 
trrHle. Wlienever it U'simcs no«*uin to r.niow. the 
small amount of gas which has leaked into the capsule 
otHitaininc the tli.-rmal junction", it is only twensary to 
estal'b-h an electrical discharge by ineans of a small 
transformer Miitably coniseeUsl to ths- u-rruiuals of the 
lube. This priH-i « pniluecfi so high a vacuum that the 
■anaibilily of the thermal junetson in. renacK at least file 
times over that which it had win u surrounded by air at 
atmospheric pressure, and In addition to its portability. 
M bus tfca further ad>anlace out Uewar's pmcuw that 
tie. ehareoal retains lbs- gases once ul?.orb.«l 

Tie. D'Ammval galvanomcK.r used was iltsigned by 
Or. V. Wuw and was mode in the iii>uutnent shoga 
of the Uurcun of >tuniiariU. On op<.n circuit the eom- 
ptete iK'nu-l of the suspended system was 11 seconds. 
Under actual forking conditions the vultaKr-kensibility 
with the scale at 5 meter* was about 6 X 10 • volt*. 
Although tbe mirror, v. Inch wits l. millimeters in difttije'er. 
ought to havu shown sufueiout rc.lving power to gne 
a sharp image at tins scale distance, it was found that 
imperfections of figure in tha. mirror made it impoatMhh- 

• >'onu in* rut.llcnH.HM .:/ the Allcahf^iy Otwaetst.s'y ot ll..< 
Liliaaruly of IMUtiU/aa 

' AntnpkviiAt Jimmil, II. 101, USUI. 

»i»asii«»»tli.ili *rt/t, lit, !>:n. i»u 




Fig. 1.— f.eneral 



', i. -- i.f ih. ii mI ilitv ''f i 
out hy cupawing OM .>f tlio junetioiu of the tllenual 
couple lo a (.taivalard lli/nor lamp at a distance of 5 
mct«.rs, The ri'sultant alefteeuon was «i miUimcta'r< 

which cc.rree|stwuls to a deflection af 2,tlN> millimeters 

with the Hefner lamp at 1 meter. The :0' inch Ldeacipc 
is of the ("asacgniin type, and. a» a oonsasinence, n central 




Paf. a._Th* thermal 
junction. 



Fig. 3. — Thermal junclioa 

Willi filmed disks. 



disk 8 Inch.* In aUatneler in ren.l.wd haopcttttlva by tha 
seeondarj mirror. Taking llii* into consideration and 
ncglctiiig atm.wpbcric aheorplion, it appran that, if 
tlu. imago of tils. Hefner flame were f<icu*«d on the dt^k 
of the I hernial couple by means of this tcta~«eo|»e, a ale- 
flection of 1 millimeter w-ould result if the lamp were 
ra.ma.veal la. a distance of about s mitca. 

The method as* nieasurlng the total radial ion of a star 
in hrielly a* follow-: The thermal junction mounting 
was rotatasl axially until the line oonnrclinc tlui two 
btacketied .li-ks lay in Ibe direction of the taleacaipe'a 
motion in declinutioti. thus enabling the observer at the 
iclcsa-ope ta. shift the star imago from .me disk io the 
other simply by turning a handle that slightly changed 
lint |Hunting in declinatnui. This aa-t of shifting the star 
Image ir.julri.1 from I to 1.5 wonals.. To N«in with, 
the star Image wiw kept on one disk anal when the ob- 
server at the galvanunieter was ready, he wliistla*al onca-, 
whereupon the observer at the tch-scope also whistled 
otuvc and immaMliately shifted the star image to the other 
alisk. Twenty seconds after returning the first signal 
the ohaervw at that telescope whistlanl twiiw in rapid MM. 
eooaion, and the rv.r at the galianom. ler risjorded 
the alvlVeetion. The next aledeetlon was obtained in a 
simitar manner by shifting t he star image in the opposite 
direction. Thi< prolongation from 5.3 seconds, the half 
period of the galvanometer on open circuit, to 30 seconds, 
was dun largely to elect romagncitie damping as-casionasl 
by short-circuiting the galvanometer through the tlo rrnal 
couple, which ha.! a eoni]Ktratively low rsaistaanci'. As 
the galvanometer was not apceiaUy eonslruoted for tins 
work, the Itl>OV( oonalitlona uairo unavuidablo. In sjdts. 



Ull the eveuing of Sa ptember 2tad. 1913, the llnal 
•a rie" of results were ohlain.-d. This was the only even- 
ing betwea-ii the time that the ap|iaratus was rea.lv and 
the lime set for the writer's ala-|iarture for Ualliniore, 
that the sky *a* sufficiently cl.nr for observations, anal 



alsitit II P M During thf vTi.^a of a.bscrvaUinu, Or. 
Ilronatulll earri.sl out the manipulations at tin- tcla-scopa. 
while Mr. Kacrlieus Daniel and the writer ubsa rvasl the 
galvaiH.mcla<r delleclions. After ten air more ala-flas'tions 
liaai been naitiMl, Or. <araindahl and the writav exchauge.1 
plaas-s, Mr. Dania-l as.ntinuing in observing the di^ 
tlavtions. The r.-sulu obtained are. here giv..n: 



Sc«,c. SmSX^l. M«alTu4e Kc.ark. 
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In i viTv I'twr thr rt-tw-ttons* foltowiil ho (V'finitfiy nlwn 
tin* *»KTutI ww (riven that not won * ftkefitic wuW liavt' 
<lMij-il4ii the n-ftl.ty U tlh» vftw\. Tbt* Ki«4vaai>mi't*T xorxi 
u-tv rt'iuurkaldv Hti.-Ad>', and in wery vnnv was it piunjlrlo 
to prttbu. tlir din^Uoti ami a)>pn>ximatr> mafrjiitudr of 
th.- HoftVrti.m. aftw liavitur ohw rvwl th« ftr»t i4 a eivvti 
ivrir*. Thi' d<B-yt«>a5 wem mi f*ori ft that aitn>n« 
tit*- \vn *rT mort> rcaclinirs t»ki»n on Vi-kji. tlif difft-rvrn'o 
iH'twicr, tlwi Unci-fct and sninlk^t U>*# than I mUIi- 
nifti-r. CotMtder.n£ Uie crudity of tlx* nirnaliitK and 
tiaiinu <U*» nurli d.ffm'no--*M in retwlinu arr not jiur- 
Tiriniiiiw-. Id the uiwe of JupiUx it w»* found impn#*iiht^ 
to rccctva the entire image of tho platvtt nn th* h!or- belied 
difck of thr tbennoJ junrtion. Thn rquivaJent for*, length 
of tlui r^tKw-tijr as used wast almut tUl foot; m* » rtfiult. 
the imai.'< > "f .fupitcr wiu 3.A millimot'orr. iu dtAuieter and 
H-4 Humurv nnllnto tors in ar»A. Ktiir-e the .iUeken.t«d dKk 
had an &f><* of 1,1 «»<pi*r*? millhtietent, lew titan i>ne 
seventh of the M1al ra.lintloo *£v« rt^ived. If the witire 
imaee of Jupiter eould have hee« eoneciitratnl on tho 
thmnal junetum a delioution of 23 rntlhmotem would 
have been obtained. It poes without saying that th* 
dink of thn thomial jtineti-iin vu amply large to I 
wholly tin. imacefl of Vi^a and .Mlttir. 

In orili-r lo u-*l Vattllur ill* I 
of the telMU>op« In fk-elmatloo mi C ht ttffeet the < 
deftortiou, the Htar w» thrown out of tbn field, and the 
tetsfisenpc waa (riven ih« fontMT dijrht motion HoveraJ 
tiineit at thn luual ntrnaU, No r.^ultnnt attwt was 
oWrvod. 

A riiniiwu-irion of tho proeodimr result* with thoae of 
NHh*., not ,*«y. SwhoWn radiometer wa* earrfully 
shielded from dniiurhtj) and was mounted in a room into 
whirh tin? star irnatre won pn>)eetcd. In the prmnnt work 
no protorUon was frjven the thermal junctions., lead wire* 
or galvanometer. Kurthprmorw, tho tbomml jutiotiunn 
wern inoiint.-it in tho opmn domo of The oWrvaUiry w hero 
air drAiichi" w.-re unavoidftMe and where tlu- P-inperatum 
wa« -everal .l»«r.^ k t * v r than in the room ^mlaininar 
t)M iralvanoitieter. That reliable residts were obtained 
even under these conditions ik <lue to tho exri-]]riier> of 
eompensation throuifhout tlie system. In Ihr eiimjaariHoii 
of reMilu fiiieh diffennii^ as areas of n-eeiving fturfa>et>, 
it* of r*'lU.Hor. aatim- of standard oi>mparv-..t. f.»ur<ee ( 
kU>„ incwouw tho eompli^ation. A roueh oah-nlation 
shon-v tliat if Nichols had uwd th* 3lMni*li reflm-tor with 
hii Iwst radiometer lU4t»| in HUM* and hud tklm eorried 
out "ilouble dellee lions," he wouttl liavr obtained from 
V<?n« a delloetMin of '2,'M millinietrrs, wlwireaj. the writ-or 
obtained T.-'i mtUiineters. I'ndir the actual comliUo>u>« 
of Uf *xponn.ent« whieh inv,»lvod tlw- itsK of » tl lufc 
n-1l.*:tors Ni< lio|- obtained a d-<fWtk*>ii <>t O 51 millimet- r 
from Vegtt. 

As to the defilrabiLity of developtnir tiueh apparatus as 
this hut tittle nwl he said, for it is e\ idettt that, by means 
of a nvdinmetrie devjee, entirely new problems in AMro- 
phyciofi may he attacked. As for tho thermal ju notion. 
iU deveiopment for «ueh work has only h^un. That 
thermal jutK-tiou)* of »iitl hu,he<r wu«t..euem may he 
uiade in more than probable; and it is certain that, 
thanks lo the UIkts of Abbott and Pasclun, Thomson 
£alvanomriers, cosily ten times as setiHtivc as the 
D'Arsonvnl used hy the writer, may lw con*.truetid and 
uaod with sueeiHR, Snoh improved appar.Uij>-, uwd in 
conjuueiion with .me t»f th*. Unr*«t re&ralmft. would 
make powtihli, the tiludy uf vtara of oven ihe fourth 
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IhtUlcfthipM and Submarine Attack 

In view of the widespread Kur lu ICurupc. that will 
noihrtjliti-dly Involve most of tin* fcrcut navus. of tile 
world, a paper recently read by Sir John Mica before 
the Iu«lllutc of Naval Architects at 
•in -|liittlc*hl|i« ami Snlimarlnc Attack' 
most iv-rtliicnt anil op|*irtune ; niwl thl* |<a|H>r, titgether 
wltti n letter written to tin Time by -Sir Percy .Scott 

4ID tin* submarine lllcliai-c. lit muik? the subject of an 
editorial dlscilwlnn In the Kmpinrrr, I. 
which tlie following cxlrnctx ar* taken: 



wliiiu. slightly 
ririf iucuikv was *unVU-nt to Justify armoring the 
ubdcrwiiti-r |joi-ttiwis of 11 ship to a iinn-h greater ex- 
tent tlkun I* done at present, and. If so. whether 4-IdcIi 
armor would form "lllrk'knt prutctloli ; or vra» the 
mw»v xunVhnt to justify the construction of smaller 
and slower batlle*blp« currying nix guus only 
of eight or ten. and would armor bi> at sudlclont value 
to Justify a nmdlllcatloii In the form of ship, whkh. 
ultluiiiith facilitating the manufacture of the armor. 
Would offer grenter resistance than thr ordlmiry form? 
In tin* loursc of tbv snlMispiciil discussion, answer* to 
Inn*' i|u. rl.~ were afforded by tire statv-innii. the uuvul 
•rfllrrr. anil tin? ship const nlctor to a varying ik-grce. 
Tin' fourth <jiirslluii was unmi-dlatcly shuttcri-d by 
Mr. t'lwrU-a; Kill*, wbn expressed the opinion thai Jaiit 
a* arumr plate Maker* hail ulrcaily Ixru forced to 
provide »lia|»-» which Were considered Impossible only 
a few year* airo, ~o ttwy would be ulilc to furul»h in 
' of any sliaf*- likely to Ik 1 roo.lllred. Lord 
dlslncllnm] |o overtook the argument* in 
favor .if live same total armament carrk-d in more mol 
smaller vcnscK a rU'W that Sir I'hUlp Waits contra- 
dicted In hi* maiarfe*. He alone categorically answered 
all the four i|Oe*tlofiH |>ri>|H>iiiiOed, and hi* views are of 
(treat Interest, a* be xtaiert plainly lhal up to flit. |irrw- 
enl lime Ibe submarine nil-nan- had not In n namMrml 
of *nthi-lriit iuiiiortaiut- to Justify arnnir prohi-lltm 
on the txifloai or a mIUji; Ihic lie lliouicbt (list I imb 
armor. If mi|>|*jrtt-d by HUitahle iuirnuit miIhIIvImIod, 
would atTord auitieieul prutectloa axaliM ti>r|a*loeii. 
Sir Itrflluld Cwitaoee rolUlluxl hliawlf tu the vrar 
valiu. of tho WhlM-lwad loriwlo, and. Un*lus oearly 
all hi* remark* ua I lie ejperlrnce of Ibe Rnwo .ln|«ii.-e 
war. reuardiMl tlw lorvedo a* a very - lnr#rtur weapou 
to the iruu, and ime au n-bk-h ton murli rellaiarv *hoa)d 
not be pluivd. Prof. llov|»anl'>i cuatrlbuUcui to the 
dlxtnu-loQ ibqilt nuilnly with Ibe eou*trvu-tioiial |«>».l- 
hilltl«-* In pmtwtliijc u ve;w-r« liotloni. and jMilnted 
mil Unit to do i**i i-tfii-tuiilly a^iiiaMt exb-riKd expUmUmM 



u n->l!-lin^v Ki^-alei* lluiti tliut nlou-di-d by tin- luertlu 
or (Ik- unlet unlnl Ik- |iroil<k^l. r'or a blK rbar,:v alul 
a ileplb of J> fert till* woulil will aliuont lttl|>OHsiblc. 

"It I* ai*i» eiirioua that tnl* sudden phaaa of thougrbt 
over the <lan«pr» to a vwwel of a torpedo striking b«T 
nliuuld liave led to no luueh dlwunfilou vrlUmul auy- 
oiw! hilvliic puintiMl out that It 1* quite IniuiaU-rlal 
wbiAlwr the toriieilo I* dreil from n anrfnee rraft or a 
*iibnuirlne, and ttiat tlbe danirer rrotn tti? former I* 
nl^o a vi-ry -«erlou>i matter Imki*] with tnr*leni lonj:- 
ranjte toTiH-iloe*. and one In whieii. a* far a* ile*tmyeni 
are i-mii-erned, tlw ri! 1* already a e*ioiildf rahle ninimnt 
of war Mi*rliiioo. OrtalDly. hitherto the whol* 
arxuibeht h&n had nothliii; Co do with erafl oilier thau 
«illiQiurilM««. hut at the bat-it of the whole i|Ue*Uou 
lie* the cuiHihlllty of the atraetiuv of the modern but- 
tli^hlp to withstand torpedo attiu-k. The matter ha* 
iH.-en lU-liuti-d ev»-ry y»-ar *lw-e Oi*- lutri-dui-tl-in of tlu-- 
yearn a«o. I'ut on 



Watt* snici?no>d ereu thleker annor If u<vm**nry -and 
what will be the re*utt ; oaly to lne-reft*o the diameter, 
and with II the hunting eburge, of the tor|>ed»T What 
lla* bwi Ibe hlalury of Uw gun? Till SU- Percy Srxitt 
led the way lu lancet lirni-tliM> It I* douhtfn] If tile 
la-n-entaire of hit* with It In war time would have Ik*mi 
any I--II.T than II w«« with til* l..ri*-.li. In the Ku»»- 
Jaimui-f«e war. In fact, In the S|atii*h-Ainvrkan war 
it wan ra*tly lew*. The experleoee In the Sea nf Japan 
with 1f>-tm-h arat l.H-liirh lorjiedoe* wat* MttlMent aerl- 
*.ib.iy to nlT><-t the Internal pToteelliai and »ab-dh Won 
uf tin- entire Dreilduuught type, and till* waa before 
tlu- lmr<«liM-tloo of Ibe 21 Uwh torn<-uo with ita hot air 
attai-liuirnt awl icyro*«iple; coutrol ; and what Seolt 
did for Hie aeviiraey of tho gun, lhe*e have aeeuni* 
IiIIk1i.i1 for the torjx-do. Many oltVvrw *«tu to Uiluk 
tlut the iDemioe of de%troyer* I* n va*Uy greater deter- 
rent than Hut of TOhmarlue* whieh are relatively alow, 
and there l« no donht that with I lie range and acvurmgr 
of it* exLotlni: wen|Kin* Ibe turf an- boat la a wry for- 
midable antagonist to ttu- bij; slilii. It 1*. however, a 
visible foe ; hut, on tbe other band. It I* a habitable one, 
Have oumlltloiu are lariteJy rever»*l In the aixe of 
tile Hubmarlne. whh'h by no mean* nu*ae«aa* the aea- 
ki-i pilig capahllllle* of the de*lrojer. Why. then. wa« 
tlie rl*k of a »uii*-st*fu! destmyer iittark, L e- If a 
(origin got- home, treated *o lightly? Why ha* tbe 
deilroyer prugrainine lax-n reilia-**l In Kngland and 
France and tbe nubtnarlne flotilla lmrr«*ed? The fart 
I* tliat wurnhlp detilgll la lu u Ktate of llux, and even 
among naval oflltwr* there 1* a very wide diversity of 
opinion a* to the relative value of rarloua type*. 



-*TIm< lliullatlob* to lin-riuM' tit *lu! In lur|*-doe* are 
k~» than lu llw of artillery, and e>.n»ojueuily a 
more djuigi-TiMj* projec tile am he ititrodUix*i with rela- 
tively xiuall dlfti-ulty in lanler to luaJntaln liie aupetior- 
Ity of tbe nttaek. To ttila tbn only real amiwer that 
eiiu be luade I* a radical rhaiige of tyi"> «' b'« »hlps. 
ralher than the tilling on of defemdve properties. Kf 
fectlvidy to anuor the uilder-water *ldn* of a vetwel 
of the tyja* of tlie 'King lli-orgo V* would Involve reilue- 
Ing the main waterllne bolt from 1? liK-hnt to to kicluw. 
and the upjK-r imrllmi of the niitc frmn D Inrhoa to T 
and S inch.-*, while at the *au>e lime It would 
require an addition to the displacement of some s.OiJO 
ton*. That heavier plating will likely he adopted In 
future t» *]ulte uiMKher matter, ^mall thtek plates are 
lli-uda|ttcd for witii*talidili4: gn»*-oua prtwiurea on a<> 
eoiint of tbe dlnVniity of adeiinately joining tbetn; tbe 
ne«-i-sslty for providing against tlie lnteiw« local i*-r- 
.-viKKlon eunsed by a projertilo Is absent Ui tlie ease of 
the torpedo, wher* the etfect 1* more widely distributed, 
Atiual armor of Ibe prtwiit la, UK-rrfure, far Iw 
likely to lie adopted tliau ateel plattw {icrliaps 1 ^ Inch 
or -J Inches thick worked In such a fashion tkat tbe 
Joints an k as ronnale a* powlbb? I 
are reinforced oo tin- IiihIiI* to a i 
client than la at present provided for above-water 
work. Hut when till* Is done tbe il lneii torraalo with 
lt» rVak-|"iuiKl etiarge will become tlio l:4-lnch tf|ie 
carrying !inn pound*, and tbe problem will again rt*piln? 
solution. That Sir Percy Scott had thin In view when 
lie ttarti-d to *tlr up dUctetaloa srems very certain: hut 
no one i*ilnted out this fact daring the. discussion on 
Prof. Biles'* paper. Kven with armor and atib-dlrlsloll 
below water, the attack must remain superior to the 
defence for the simple reatiou tliat all liiat is necessary 
In to Itro two tiihea tiiKtcad of one. Jn*t a* in volley 
llrtng It I* issuable atmultni>oou»ly to put several T.' In. b 
»hclla Uito tbe Kpnc* of ii teuul* court at Imig runjn*., 
a sahmarlue that can rely on hitlllig with one tills- 
ran almost cerUilaly hit with two. and no defnrs-o wtll 
wlthKlnrsI *urh an Impact. Naturally, thla does not 
relieve naval an-bltecta of the onus of providing all the 
prirtection |*jmlble to the hull, though obviously the 
best defeni-o U tile desLrpctlall af the anbmiirine. How 
that l» to Iw aecocnpllstuxl U extnoiuily dlitleult to see, 
because tlie tn* I« tending more and more to merge 
lnlo the *eu-gollig dovtroyor with slibmeralhle caiwbill- 
tlea, and of a aiie and speed that wtll render It not 
only mnrb more lubltubte, bat capable of uialcrtnklllg 
work at present far beyond lis power." 

[Kir John Kllrs's |wp*r In fall, with llluxtralloiax. will 
ap|*-ar in tlie next banie of Uie Sm-PusMrxT.] 



By Paul i 

Kiravnil.ni In Ibe uuiverse change* more or less 
rapid I) , for change la too essence of phenomena. The 
surface of ibe earth ha* undergone coutlriunl ulleraiiuu 
*Ick-ii II* foriuatlou. Slont of thcHc chuuue* are due to 
tbe physicul ugeuclea. which for a liaig iwrh*l were 
the ouly ones in operation, hut tbo advent of life U|*>ll 



cuUoua. 

Of all living things, nun has i>rix)ni-vd llw tn<M 
nurkisl nltoet «|ioq hla eovlronuu'Ut. lu order to lake 
account of uum's action on tbe eurlb'a *urfn«-. It Is 
necowKtry to picture Ibe earth us It wnnld a|sj*>ar If 



Image with Uio rvuilty. Man acts, nwxxwively : 
as a huiiter, upon aulinal life; us a herdsman, upon 
both animal and vegetable life; aa a farmer, uimiqi 
vegetable life cuSeHy; and aa a miner and engineer, 
upon the mineral sbrll of the #nrtil llsvlf 
Trllan tliat live by huntlne alul llahlug cuueie the ex- 




action n|*ia the tropical Horn will 
and telegvu|>li linos will no lotiier !*• In 
hi* asManlta. 

Tbe right u-Uale ha* taken refuge In Arctic waters 
and bus lnttuciici-d the dkulrllmtloii of hiiiiian l*>liiga III 

l-astoral i».oiik»i. by keeping herd* of cuttle, sheep, and 
goal* In inuuntaiiMiu* region*, destroy the herbage and 
eau*a? the fonaatiou of tom-nt*. The gonta and alieep 
literally "clear"' tlie land on whh-b they browse, and 
permit the rnliu lo whmIi away tlie null unUl tbe rock 
la laid bare. These aulinal* have ruined I'l 



of iMire, sunburned rock. 
Agriculture I* the mo>-t itolciit factor of topograph- 
ical changes. See v* tin I II hii* made of tlie vast marshy 
forest that was ancieul llaut Tbo defnrestatlun, clear- 



, of land rrtwtcd by i 
became an agriculturist, have profoundly imsilfled tbo 
distribution, uwl con*ei|ueiitly the very lini*irtaiit ac- 
tion, of wat«T on tbe earth's surface. Iutctutlvc cul- 
ture exhau*ta the soil by extracting It* fi-rtl)lxing 
eleiueiita, and the fertiliser* which man applies In 
allou alter tbe comlHiBllloti of the soil, lly 
within tbe narrow couanea of ceme- 
teries, man withdraw* from circulation ennrmous i|uan- 
tltU« of phosphorus which are thus lout to vegetntkm. 
The mwl fertile hind* are Ininsformetl lDto ueaerta by 
ceiiturli-s of cuhlvatkin. Iu till* way Ibe I 
gradually carried down to the sea the elrmenra of fer- 
tility of Mcw>|>itamui. Baetrlana, and 
IiiimN which otice were celeliralwl for 
hut now are arid and desolate. 

A* *i*iii as biiinan isimniliiiltli-s nre fnrnii*! they art 
dlr.*lly mxjii tlw *urfao» of the earth- In order to 

Iwcoli I hem. tin. ii was coran-llcd to execute evtelmive 
earth worka, to exploit quarries niMl mluea. Still 
greater nltx-ratinci* of the earth's aurfaee were aubse- 
i|ltelitly produced by tbn construction nf rands, canals, 
brfclgi x, ami aiiitodnct*. Tbe hydraulic engineer haa ef- 
f.vnil finally lni|H,rtant cliaiigm. alralghtetiliu: the 
coqime* <if rivers, coiiunbig them by dike*, dredging 
InirUir* awl prelecting them by Jetties. If the 
of otv-nii* and river*, llin* lU'termlaeil by human 
were designated by a special color on a map of tlie 
world, their extent would be found aurprislng. 

Man la not content with draining and cultivating 
swamp" and even tbe beds of lakes — laike Knclno, In 
Italy, for exampt*. He conquers vast domain* front 
the ana. as tbe Dutch have done wllh their dlkeu. and 
aa Is stilt being dune In the i-'renrh hays of the Homme 
and Mont St. MIcbeL If we had iiropexly studied and 
comprehended the Inspired Idea of Commandant lum- 
daire, we atiould have crented a >m In Algeria and fer- 
tilized the Sahara. Man, who hua made so many 



•Trs*«L»l*d for 



being attempted In Algeria by i 
and sinking artesian welts. 

Tbn construction of railway! baa accelerated the 
change la Out earth'a aurtaee, by making eulUnga and 



einlnnkmonta, tilling rn vines, spanning rivers, and tun- 
neling through mountain*. Here the potency of human 
actiou la esjs-eially marked. To appreciate thla fully, 
oue must hare heard the dctiKiiitiixi* or dynamite and 
Ibo grinding of drills, and aeon the solid granite shat- 
tered lu the bowels of the mountain. 

As the mount u In no longer stops the railway train, 
so the Isthmus nu longer stops tbo Mhtp. Hues, Pan. 
ama, Corinth, Kra, and many other Islbaumsce have 
ceased, or will cease, to be what geolufciral agencies 
made them. Marine fauna migrate from ocean to ocean 
the new artificial channels, ami upland* hllh- 
wooie. suddenly transformed In evjuar- 
ilueDce of their proximity lu the new routes of com- 
merce. 

Man will continue lo alter the curtb'* surface In fur- 
therance of 111* own InieTeMts nutll ovary Hue of the 
map of tbe world shall bear tbe Impress of 1 




not tbe mast 
work* nlui hla 
trial dynamk-s- 



Iron Ore Output of the WorW 

AiTomiiNo to on article by C. K. I<rUh published In the 
Kneinonring Supplement or the LowIvm Tiirn, the annual 
output of iron oro in tlw cjiicf jwiHlitcJng eountrira durlitg 
Hie liitfal period (averse* of IIMO. I«I<> and 1011) f,». 
wWeh tbo ligvirea are available, was: t T ntted States, iifl 
niiUkib (oiat; Uonnatiy, '27; l. ; uile<l Kingdom, l.j; rVvuee, 
H; £»|nun, 8; and Hweden, .1 million tons. Continued 
heavy pov>duoukHa may be expected af the Lake Kupcrine 
ores, the ores of the Vranoo-CJio-man bouDdory. the liUtiao 
ores of Spain, the Cleveland ores of Englaod, and the 
htghHrnuio magDntitea of North Sweden; while increasing 
quantities of ores may ho expected from Sweden and 
Cuba, and the use of Clinton ha-niatitea and Adirondack 
maglieliue in tbe I'nitfsl Statea will aisu proliaUy in- 
eriuuie. In tlie uvar future there will iwolaikly become 
avuilabki the liraziliaii high-grade haematites, Chilean 
area, and ore deponita of tlie woaterp United 8tata, 
woatom Canada, India and China Journal «/ franklin 
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Development of the Westin^house Turbine Reduction Gear 

Providing a Method for Insuring Uniform Pressure Across the Entire Pace of the Teeth of the Pinions 



Wriii.r it tu early neogiti/.ed that the Main turbine 
wos mi extremely valuuhle type < »f ntolor fur many pur* 
poor*, it wu> oJmi soon realized that when it was operated 
In the nowi economical manner it* speed of rotation was 
far Iim» great for isfactor^ results in some of iu most 
destrtdde application* Tin- uas especially Apparent in 
the r*-< of marine (impulsion, where the tr-onomiral 
speed of lhe turbine is several liimtt greater than thut at 
which the screw propi Hit ran operated effectively. 

liidcr tht-M< condition* it wax evidently atwmary to 
pfwvfldn Miiiw fi tnii of reduction fparimr. ami among tin* 
Iran nf I bis i<Um that have Is-en ttimnsfully introduced 
is Ida Wesiinghuiiw gear, isuisistiiig isf In )i« al-toothed 
pinionn iijHiri the turbine shaft which o|»>rulr large 1 gears 
-m ihc driven shofl. thus tsflWting tin* n ijuih«l rcdmlion 

id «|Htl|. 

Tbo principal features of thin gear an? quite simple, hut 
mi working out tln> detail* uf ronatnirtion Interesting 
problem* nnnn', tint a My the "floating fratm*." whk<h 
carries the driving pinion shaft, and insure* uiiifonn 
|tr> <Min- tu*nw» the entire fare of the lecth of thr pinions. 

Not i!m- least interesting feature in the devi lojHwnt of 
this g»*r i* the fart that the 11 u 1*1 pr****ure employed in 
tie i qualmug iiHflianhtn furnishes a <xui*laM index of 
lie power being IransiniUed, thus constituting a ««on- 
» lit nl iihlifntinj; dynamometer. 

In a gear 1° transmit largo powers at high s|K*cd» it i* 
essential that the ta»lh pressure should Imi equally dis- 
tributed tun** the entire working fat-o of the gear*. To 
dislrilmlc a loud of any sort uniformly over several point* 
of support, the most elementary principles of mechanic* 
IMU mh thai ae must have recourse to » self-adjusting 
Moating lever, whieh is known generally an an equalising 
bar. To distribute the weight <tf a liK-omotivp uniformly 
on the driving wheel*, the suspended part rent* on equal- 




witti straight leelb cut accurately in line with the am* 
AH, and whieh is to mesh with a low gnu* ha*iug 
straight teeth, and its axis parallel to AH. If the tooth 
pressure is tn he uniform aero** Ihr face of the pinion, 
the latter will t wist, arwl like tts*th wiU take the position 
indieate^l in an oxitcgerntixl manner by the dot led line. 
Tlwn, If the giani aru to rm«li pmpi<ri>', the end A will 
have to raise slhrlilly, and the Hud H lower ftliclitly mo at 

to brine; the dotted lire into the position now < upie<| 

by the line Alt, ami this is what the filiating frame allows 
to tako plm^i. If the pinion were supported in fixeil 
lw<artngs, it itiuld not mljiiM it^-lf when |oadt«1, and eon- 



Kig. 1. — Twisting of a lung slender pinion. 

srspientlv tlw> tooth 'tressure would he eoneiiitraltsl with* 
in a short distanee at thr driven end of the pinion. 

Again, take the emae in which thy axes of the gear and 
pinion are in the same plane, but not adjusts] to absolute 
parallelism. Id Kir. I>*1 A ami /f n|ireM-nt the two 
ends uf the pinion, and f* and t* (ho <sirrew|nMiding end** 
of tin* gi-ar. If the <*eiili*r distattn< Iwtwcs-ii A and (■ is 
less than tlie«N*Dter distance 1m*Iv(s'D H and U, then whefi 
the Usrth are in eontael at the end having the shorter 
rY'itter diHlonee, tliore will lx* m» contort at the oilier end 
so long as tlx- axis of Mm* gmr and pinion are confined in 
tbi* same plane. In order to get tooth eontael aerosM the 
mi tin- faeeof (hegiar I tie end .1 of the pinion intiHl lower 
Hlightly and the end // must raise a little. Tlte lloaling 
frame instantly and an I < MMBl i'liily brings nlsm I tbo 
riMjuired atljiiftment. 





C A 



It is not neeettfary to rehitirse the *t«try of the im-talla- 
tion of a b'.tNil lior-e-|MiwtT ■ \pi nne iiiul plaoi. ami llm 
e\luMiHtii e wMi lo wliirh it MU MlbjN4ML It Is *oimeien| 
to «a> that this demonstration ronvineed engineers that 
I be largest jsiwers eouhl br sm-eesrfully and fBriflly 
Irnnsmitleil tbrougb prop« rK itni*tnu leil toothed grar- 

ing. It did twit, bowi-ver, MtUVfnafl ibem lhal the h 

of l . inMlallatioit wa> ibie lo I he floating frame, fl i* 
only HiniT Ihey have endeavoriHl lo ]•> i niih this 
feature that Ibi-y liavi' MM* lo PraM{MlM lhal lhe (Uniting 
frame was the essential feature lhal e««iverted Uilur* — ■ 
or at lK>st t nusliorrily -into «u**s-«*. 

The MrK illr ainl Moealpine design is illustrali d dia- 
grammat ieally in Kig. ;t. »lwr» .1.1 i* lhe double hetieal 

pitmMi and Ml is t K*- large g.»r. TIm* |>i n »bafl is -ojt- 

porli-d in thn-o bearings in the fratm ''. Tbi- Irante is 
sup|M»rtoi| at it««s<nter by a r**-lioti«r l-U'xm />. whieh v* 
lixiil lo the It- Mir of (he gear ensitu;. 

It will be in 7i that if the pinion shaft is tl> viUy enn- 
ms-ted to the shaft of tin- driving turbine, the elastii'ity 
<if the sup|Mirting nu mber If will allow the frame f* to 
tilt in a eloek-wjse, or ishiuIit QtoHH^M diroelwMi lo 
whatever i vietif r- m tee-Mary to »is-iir«' a pm|H>r alignment 
of the brarlBSI of lhe pinion wilb rWflMl to the Uwings 
nf tln< main g«or. 

While the Mi-lvilh- Maeidpine <h*ngn fully denuin- 
«tratcsl therorreelmwiof the (henry of the floating frame, 
it was soon sis-n that the e««ential jtrim i|Je might Ih* 
more advanljigi mt«Jy appli<s| by MiipjMirrmg the pinion 
frame hydniuheally. The ailvanl.up^ of tlu> hydraulic 
*up|H>rt an* tbns-fohl. First, the removal of all dinvt 
me'al li't ennnistlioii Itclwis'ti lhe Moating frame and lhe 
gear ea«itig. eliminates in a large measure the nntso of 
operation. S»^ind. the hydraulic medium. t«eing ei in- 
stantly ejreulatisl. <>mlain« n Niitall amount of air en- 
trattwsl with it, whieh lyw a vattialih- eushiotiiug ehVel 




Kig. 3.— Diagram of Wratinghouse gear. 



Fig. 2.— Position assymeil by teeth al ends of pinion. 



Kig, I.— Single acting hydraulic flouting frame. 



izjng liars, whieh in turn ml M the jounials of the axles. 
To apply the brakes uniform) v to the opfKoate wheels 
of a vi^liicle the braking force must be traii-rnilt>«l 
through an equalizing ltar. 

('•mwdering that ihean propositions are an entirely 
SMooiaUe, it is strange that engmi4T* enuld ever liave 
imagined t hat in a set of gearing I he tooth pressure could 
l«" •littrihut'st uniformly amsw the working facet of a 
lout; n|» uder pimon uilboiit some eonslruelton that wmild 
Is. more or less the equivalent of an equalising bar 

The pinion of a reduction gear for use in eonnts<tiiin 
with a marine, steam turbitw must be long, Iws-ausr a 
wide, face, is nrsiasary to transmit the large power re- 
ipiind, li itiUhi Im> tjemler Iss-au^e a eomparntivelv 
small diameter in dematuhsl in onhr that, at the high 
rotative s|h>«hI. the pitehlinc velocity may bp within 
n iLsonable limits. When thr teeth of a long slender 
pinion are httdisl uniformly ncroa* the working fare, lhe 
piiiMtn is Itrinit*!. 

For «niplieitv let us assume that the large gear is cut 
with -Iraigbt teeth. If the pinion is to run in rigid bear- 
ing!*, in |M>rfn-t alignment with lite »hafl of the large 
gear, and if tlm hmih pr**-*sure is lo \u> uniform acme* 
tl»e working furs*, it i* evident that llm lis th *4 the pinion. 
m-t«'iul of U'iug pandh-l with lhe axis, should Is- cut mi 
a digbi -ptml. M that lhe twist in ih-> pinion due t>> the 
load wtiuld ji;-i slnuighlen out Ibis spiral, ami bring lhe 
t.s ili pandb'l with tin axis. Obviously this would ma 
be a pruclteal st Jut ion, as the. spiral in the pinion teeth 
would 1st tssrnet for one loud only. The logical Ihim: 
in do is to let rhe pinion t<«-ih tuwnmic vhatevcr npiral 

tliev will, ami to wppflfl Uw i m.- si> lhal the axis 

of On pinion taav adpi*r (tart lo wMSMnnuHlnle lhe angle 
ttf i he pplmj inin which i!m> Nt th an* twistisl. It Ih well 
Li... am UmM a spiral gear will o|Mrafo satisfactorily in 

iiM-h wilb a i Liar, i ■>■• I the axis -imrl at 

ih*i pro|M r lutgh- wilh eai-b other. 

To illustrate, lei Kig. I represent * long sh nder pinion 



Here then are I to sets of condition* which require t he 
act inn of Ute floating pinion frame to ws-uri pmper tout h 
action, and th*«m rsinditMHis are entirely lmle]wndem of 
tlie drarw of aeexiracy with which tint iwlb may Ih cut. 
Il is bi>ptt|cNs |o es,'w<r-i to g..| ideal opiratjoii with rigid 
innwui I w wrings merely by ace urate workmanship ami fine 
adjustments, for the reason that the adjustments ore 
variable, and on thai account must is- effected auto- 
matically. For Hmplieitv , we have ashiimisl that lhe 
t*>cth were straight. Tim same reasoning applies, bow- 
evrf, to the Im'Ih'uI |f#Ul MMIflMQlS IM0d 00 llMM gears. 

The liroad idea of ihc "floating frame" was **mcrivcd 
by lhe late Kcar-A'lrniral (os-rire W. M.lvillr and Mr. 




r1». "i. Imuhlc acting floating frame. 



John II. Maealptiie, who wire asMs-iatisl as consulting 
naval arebilis'ls and engineer*, and who hail l»eit Tor 
-eversl years engaged in making for Mr. WwUraHWM 
a comprehensive investigation <>f the applN-atinti of slmm 
turlsines to the pmpuUion of daps. Mr. WfMiHtliiMaPi 
nssigni/ing its iui|sirtaiicc. and the MMM1 of llie 
prmcipleM on which it was I hums 1, imderlt-ik to th tnoii- 
*trate Us value and practicability. 



that is not only further mndueivc to qux-l runmiur but 
which idii gives a degre* of elasticity to iIn< sysd-m that 
will prevent thr rapid contacting of the lis th from |ir»»- 
dueing a hammer blow effisd that might eventually result 
in pilling or cr>stalli/aiioii. Third, the hydraulic pres- 
sure automatically adjusts ittislf iu direct pmjsirtion to 
lhe torque, >si tluxt by Ihc addition of suitable indicating 
irisiruirients, the gear fafVMM themo*.| lus-unitedynamo- 
titei. r yrt devitssl for the iiH-asiirement of large fsiwi-rs. 

The WtvtifighsKise design is illii-irah d diogramniatii*- 
ally in Kig. -I. As in Kig. .'I, A A is the double Is-Iieal 

pinion. Htl the driven g«-ar. and VV lhe fran arriing 

lhe pinion shaft MnH In the bwvt side id t| M > fitnion 
frame are thnsi cyliiulers wilb piston* hlttt which re*t 
on a suitable iHnm or bslgi- in the gear easing, ft is a 
pa-sage eofumuiucutiug with all of lhe cylinder*. It is 
i v itb 'tit llml if fluid under Milm-tcut pressure la- iritn>- 
duecil at A*, the pinion frame *' will rise and will liii-rally 
float on the fluid curitaimsl in the rvliudiTR. It is also 
i vider.t that tlw lift nf tin- | union rrame uia\ n|M-rale a 
relief valve on ibi- lluiil pressure system iu such tt wav 
as to maintain iIm- pn-sMin- in din«-l ratio lo the hiad on 
the lloaUitg rraine. 

If iu lhe arrangement shown m Kig. I. the dm* ti.m of 
nuation is HHIi lhal the tip|«r IrHa in the piuum are 

moving low aril il bwrver, the nsislunec offensl by ihc 

car lift, will cause a down wan I thrust hp, the lloaling 
frame f*. and tin- relief valve in tlw Hun! pftWMt *y*ii-m 
will mninlain lhe pn«-ore in the hydraulic eylimlcrs at 
the exai t point required to balance lhe wii«Hit uf lhe 
Ikiat nig f rami . plus I be dow nward ihru-t due to i|m- i.h.iIi 
pnsMire Is'twecn llw gear and tin pinion. If the h«d i* 
increosisl. (be downward thrust on the pinion Tntinc is 
iniTcajHsl and lhe piim.ii frame m ib pn-susl Klsghlly. Hir*- 
ing the relief valve iu Km thud pn-ssurc »>y>tem -uflleirnllv 
In restore tspiilibrium. t 'ouvrrsely. if tl . load d*«reasesi, 
Ibe pinion frame rises slightly, npening tin n-lief valve, 
and rsllevinu HMIWM jsressure in the hy dniulkc cyhndiTs, 
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tbu« automatically bringing the system into balance 
again. Krum l he foregoing, it will easily lie* wn tlutt the 
procure in the hydraulic supporting cylinders in nl all 
time* tut aci-iirnlc index uf the intensity with which thn 
gear in working. TIh> n-llcf valve on Uio fluid prcasure 
system |m oihihsI hy a dmiee that multiplies the move- 
ment of tin* Hunting frame so Unit lbo total travel of the 
tait«r over a range *f load iK'lirwn full Mpflcflgr ami wru 
k* only n few thousandth* *>f nn inch. 

Inasmuch as the I hrec »up|Mirliiijt cylinder* an- in frw 
commune altoii witli nw'h oilier, the pinion frame i* BN9 
!• alien itu-lf In mHi a way aw 1» bring about tin even 
distrihuti«m i*f loiitli (»re-*ure acne** the entire working 
tm-v of the |p tar. The ■ «nlr*l cylinder in somewhat larger 
than Hie two others, ami Us pinion arts a- a pivot, on 
which the rtWtmg frame i« bafailMilt The tilling tif the 
fnime nsptircd to bring aUiut pmper align me ut clot* not 
IbONfON alter tin- height of the central part of the frame. 
fn»in which point the relief valve regular ing the fluid 
iwi**e»ure in tlx* cyliudir* i* conimlhsj. 

The arrangement of »np|H>f tltiL' ex liwh>t> lllindnitc*! 
in Fig. 4, is Mitjile acting only, ami consequently would 
not 1m. mjftlrietil for a g»*ar that iiiuhI operate in eilber 
direction. M in required iu murine service. 

Win ii the iJtreetton of rufation i» reversed, the din* turn 
of the thrust on the pinion frame i* n-viTM^I, and conse- 
quently 1 lit -re muMt Is* another set of stip|Mirling cylinder* 
on the oppovjn- Hide of (he floating frame. Tim !■ 
Fig •'«. ilhiMmt*- the arrangement with two set* of 
hydraollr cy liikdor* with their piston* />/>/> and />7/W 
Inuring aguin«t. suitable abutments iu the gtar fmar. 

If the direction of ml a lion ix such that the lop of (ho 
pinion is moving toward the ohwervir, there u ill he a 
downward KhffVfl M (In fnum- 17 winch will he supported 
b> i h. preHMiro nf tlx* fluid aUivc tl«t< jh-Ioiih />/>/>. If 
the direction uf mt ilium is reversed, then' will In- un up- 
ward tlmiHl on the frame t", whieli will bw n-si*i«*l hy 
tbe pressure of the fluid bcm-nlh the pistons tt'lt'lt'. 

It it evident that the fluid pressure ht hind the sup- 
porting pistons «nuld bo maintained hy im<nii8 of a |>ro»- 
min- pump dtM-haneiiiK into tlm |»— H ami irthroiurh 
a lU xil.lt ntWiawlhH Kortunately, however, then? in a 




KIk. 7. — Jv<l of double (loalinc 

franr. 

BMMb ^mph-r meantt win- h obi bid the mvriwty for thr 
adileil etjai plication of auvliar>* pumpinc ap|>*raliit.. 

Kor a hni|* time it liua Uh*ii known that if oil i> intro- 
durt-^l into n rotaliiMf. journal at lhi> |Hiiul of hiut pn n . 
and a nmuiix of •«(**« (m |)n»vidi*d at tin' i»nu\ of maxi- 
mum ptiuuiuv, lln ><MinuU »ill have a deeided piimpint: 
oetiou, ami will Imild up an oil prtwun- culmtanliallv 
equal to the maximum hearing pr*"*»uin*. Kor example, 
let Vig, tS n v?t~- nt u r.iiatim: juiirual in whieli the \>r> 
Niire i* di»wn«ard, uiul lite diriwtUm U roljdinn Ih mdi- 
tttttd h> the iirnt* , The maximum tteuriiiff pnx«urv will 
lie al lln- 1m it torn nf (he jnornal, ami the minimum i>n *- 
nuit- will \n- at the nideH, e«pcr'ially if thr Iwariiiff iw eut 
hock a trillr on the nitli-*, a* n eimimon unurtirr. If a 
huh* In- drilled throiitrh the bottom of the Imrini;, and 
pi|ke<l to u pnrAMiire ::uiy Jl, then when oil ix intrmliUMHl 
at I il will bo fmind thnt the It will n-jri*ler a preti- 
► iire pra<>li<-utl> equal to tllo pre>w»ire at the lmtlolu of 
tin- i.. 

While, u,< HtaU^d altuve, this faet hit* Iht-h kimun ill a 
ire iu nil way for many year*, no inw npiMws to have en- 
deavorotl to make any praelieal use uf it, or to determine 
Ilu> qunntits uf oil that might he pumpc-d in (hi* manner. 
In eotiue«-tMMi with the deViJopim nt of tho liydraulieally 
Mlpliortrd pinion U^irint* frame Ibio punii'im; aetinn *w 
exJiaAitttively tuvetttiirate^l, ami it ujm* futifid that, hy Mut- 
ably pmportMiiuujr (lie lieariiurK ami support im; pt-vuis, 
thr former eotild deliver an ample mpply of oil at a pres- 
sure miffleM'iil to mipport tho flontiiur. pinion frame when 
tint Ktmr i» Iraiiftmitliiiie it* maximum puwer. 

Fii;. 7 in a rr*m* wlWui throtieh the Ihiutinir. pinion 
frame at (In- middle Ivarinj;. .1 it I lie piiiMm 4ui/t. whieh 
In thin in*lane«> i« hieuted directly above (he mala ifear 
•haft . ft dem»t«'s the upper part of the lw «ai*e. f* in 
the Unnlintr fraiiH- and /' ami //' are two of the opposite 
Kip|M>ninK pi*lon*. A.' i* an upwardly pmjceiinir arm 
with od |«aK»iuje»* P. t' f ami <!. tttt and //'//' an* oil 
ebawherx oxtendliu: UttOUgllOllI the leiu;th of tlm lliialinte 
franuj, aud ouuimtuiwatiiui w itb all tLrvc uf Uio U> draubu 



eylliifhnt on either -nlc. The iwlUirui imli<<«to<l by tbe 
loll en* // and // are luit two separate chambero; wliat 
btoks liki< a dividing wall b only a hosit or pofit through 
whieh the oil pa*j*KVT |e*iiiiui the high nrcttuiro oil from 
the heoritur in drilled. SotuUrly //' and //' innxtftuUi ft 
nimrle ehnnilHY, K and A" are the valve* whieh auto- 
mat ieidlv recuhile thr oil premuro, tllr drltuli* of whieh 
are wbown to a laryer wide later on. /. a pivoted link 
eoniu'liiu; the iVialitur frame to the tilde of the war 
einintr. »*> Ibat wlu>n the floalinif frame move* Mdewi«- 
sdichlly in ai a i>oinmoihiliiq; Uwlf to the huwl, ihe tippor 
end or Hie arm K will bavo a iwiNitive ami eoiisidernhly 
mamiilied com -pondltu; tuovi nienl 



A 




Fig. 6.- rumpiaK artkm of journal illuotrateti 

The o|t»mtiun is an follows: Low pMMN oil Ih ititro- 
dlleexl into Ibe upfN>r end of the poMuure f/in the U|iwardly 
projii'tiiiK arm K tlironsh a oiNim«-lioii that will bit 
uVflrribcd in detail Later. Tbe oil p;t-~c* duwn through 
U into tin* luuottge ./ whieh I'oniuiunicatui with the top 
uf all thn^i pinion mIuu*! lM-arinir? 1 . 

If we a»Munie t hat t bt> pinmn ik rotating m a eior>k-wi«e 
dbWlfoft, the reueltou iKtweea tint h-eth of the pinion 
tad lln- gear will move I he Hunting frame lightly to the 
right, and the upper end of lln oil poitt*ge f v will Im< -ahil 
hy the valve K'. Koeb l- j.rini! will draw in km |tri'«om! 
oil at tlm top from the iwxMiffe J and diwluuxt- it thru ugh 
the opening un the right. \***\ a hall ehe#*k valve into the 
ehamlxT //'//' and |M0 the h>draulie nytaJf in whjeli 

the Mil p| M»f ll lit' pihdihs I*' are located. Since the 4-xil of 

the panKage A" is ticulcd hy tbt? valve A'', the oil ppmure 
» ill bintd up Iwhiud I he phloiuc W until it jn>t ludaiif^<» 
tlx- side thrust of the floating frame eom»|Minillitg to the 
load carried at the moiiH-nt. Tbe fmitant tblri prramrv 
i< uaoasdrd. the piimm frame p. font d Mllghtly to the b-ft. 
Thin moveiiiefit ••aiim>*> tlu- upiht end of the ponaagv f" 
to Ih-onmi uiiM'tileil by the valve A", ami alluwtt the «ir- 
plu» nil U* ewafH' into the g»«r eaue from whence it in 
rt'turiMHl thnmgli the lubricating system to tbe pasaage (J. 
Tbi VSlvo A 1 UmMlM the dimdiarge fmm A" mifflrmntly 
to maintain the prtwtnire behind the pt*tonx If c«»iu4aiil 
ut the* degm- rtx|iiin<d to balance the tbru>t of Uie pinion 
frame. If tbe load on the gmr iiwreoM^. tbe arm K 
movrtc «ligk(ty to the right, throttling the diwharge from 
F" »uflb'ii-ntly to raw- tho oil pnwure behind the pUtonn 
/>' to tin |miut win re the system will U- iu balance again. 
(Nmvorwly if tin* load un tbe gear tsd<*erea»*l, the arm K 
uiovea Mlightl.v to 1|h- left, reducing the throttling uf the 
diwharge through r" m> thai tlui iwe**»nre iM'hind the 
piHloo* />' U lownTid until it jmd balance* the di^reftned 
tiiniKt of the floaltng frano'. 

When the dirti-tinn uf rolation ih rex'n«ed. (he action 
in jmtt the aniiie. exci-pi thai (lie valve A" and the oil 
IMMCsageH und HUpimrling |nHluns at the left, come into 
play. 

Fig S in on cfilorgt«l m<e(»ou thmugh the pnmnin^ regu- 
lating valve box. nhowiug the ih (ails uf (he viUvcm A ami 
A'. The valve ehainlHT* eoittain flmph- hiding Hb«*>ew 
\t and SI', TIm'm' t.|ei-vi-« have ^houldeTK and are held 
ligniithl iTrre«|Mindiug shoulder* in tin \alvi nOMI kq) 
H|triiig» Ih tiring again*! tin- valve ehauitMT cover*. When 
(In- re«i'tioii of the pinion teeth nun* the arm A* to move 
lei thv right, the flat machined rarfaee mimMinding tbe 
oulb'l uf the pattwge r" <«ouh'« up against (lie end of the 
sleeve .If* and [wrvent* tbe «0 from escaping frton f" 




Fig. M,— Showing lubricating channel in floaliag 
frame. 

mt.t | he |'e*r The h|o o being silpl-irtt il ehuticaltv 

by tin ' Hpring, i-an yield Mighil> «o that tlmrv will be no 
Imtnnn ring aettein botMAH the arm and the obwe. aa 
might Ik* thr ease under rapid incrca»c uf load if the 
cuntacr wen- rigid. A* tlu* oil pn-ssun* buildit up heynnil 
LIm nainl requircel to balance the thrust on the floating 
frame, lln urn t A nuivot tn tlw* l«f I. The etmtnet hntween 
the arm A and tlo aJtMtwa \t' \* woun broken by reoMin 
uf Una latter ooiuuig up acaiunl tuo ahuuidcr iu Uw a. . y 



ohanibor. leaving an annular opening through which the 
■urplai oil mm&m into tbf gt«r *•*»«•. The width of lbu 
aficning thiu forme*! adjunu — autmnatirally «>t um to 
maintain the oil rgxxtMiro at exwtly tlu< prewun- required 
to lialanrv the UtruKt un the floating frame. If the 
liri'wiire hi K (ciuIij to rine Um litgli, tbe arm E reeeden 
farther from thesU-cvc .U'and makes the doclituye upen- 
ing larger. If the prelum tends to drop, the arm IS 
approacluw the skx-ve V, reducing the are* of tin* o|M<ir> 
tng and tAn>l(ling the diM-luxrge mfliemnlly (o maiutain 
thrt* rr<|utnxl prtwuro. 

Tlut sloevos M and M' euukl. of course, be rephwed by 
■-■I i'l phigs, ljut tlwy woul I In subjected to a cunndi njl II 
uhbalanetnl oil pmsHUix* which would ru<cosKjta1e tbe um- 
nf iikeonvcnjently stiff springs to support them. Ity 
makilig Ihew raemlxTS hollow, they are practically ba)- 
ancesl oa regards oil prcssim' and tin? spritig* need only 
be Miff enough to insure that tbe sleeve* are buhl powl- 
ti>ely in eon toe l against their eori>Mpou<liug Hhoulilera, 

The principal advantage of the hollo u dMVM is (hut 
the valve chamlx-rs on al wa> » f ull of oil at Uw same pres- 
sure as obtain* in the system, and these valve chambers 
are consequently most cunvruM'nt stationary point* for 
attaching prettsure gages 0 and O' for iudieatiug the nil 
pn-MMire In the hydraulic supporting cylinder*. S » a 
fMdnlor, the of which imlnahi. whether or not 

(lie pinion frame is floating projx Hy The iHisitiou of 
this |K)i nler may Ut oIimtwO by removing a small eap 
from tlut (up uf the valve Ikix. 

From what has In in explained ngurdiug tlut auto- 
matic regular ion uf Un* prtavurc of tlut oil which MuMuinfl 
the thrust uf ttm Moating frame, due to the react Jun of the 
lotith prwture betwoon the pinhm and the giar, it will 
readily bu pemdvini that the pnwsiin>uf tlta' oil is an exact 
no-asiin uf the force that, U al the Inoiuctit lw.ung exerted 
at the pitcliliuc of Ih. ge*r«. This fon*o inulli'tilted by Uio 
Iritehlimt ape**! in rwt px<r minute and divide* I by :CS.ikjo 
giv« tbn nors»wj W w,. r ifai j H heing tmnsniitusl. Ilanga, 
by noting th« priwsiire regiMtcnil by the |>re*t«ire gage 
0 ami t/ t shown in Hg. K only a vnr>* simpUt ealeulattun 
is required fur cah ulating tlx- j tower that is I- inn d— 
vehqusj. lly ismrus'ting to the gear a con 1 1 u ihmis »\***\ 




Fig. S. — Section through preuurc rcgnUting 
valre box. 

rtcairder, and a rcconling pnwKtire gage, we may obtain 
chart* from ibeati inslruincfiU which will euimtitule n 
eoutiniMMUH big of the |miwit developei] ovit any e*xt* iHliH| 
period uf lime. 

The gages O and ftV, Fig. -V ma.v \u< apagled at any «lis- 
tan cc fmm the gear itself. When (he gear is running, 
only one of the two gage* indicate* prewure. A m nerval 
of the direction uf roial nin of tbe guar shifts il.e prvHsuri' 
reading to the othi-r gage. If these gage^ wife located un 
(1m< bridge, tbe unir*>run duly could dolermin*' at a glance 
tlui direction eif rotation of the turbine ami the tiiu-n»il v 
wilh which it was working. TImwc gagxw would also indi- 
cate unerringly the degree of promptmw* with nhjch the 
engine room fores* carried nut the inslrncUumf t» h gmpbed 
from I be bridge. 

With a rraily and aceuruli DMM *»f ileteniiining X\w 
l*twer cxertc*!, expericnoe would eluubtlem indicate many 
ways In which tbi* information couhl tie utihV<«l in d. I. . i- 
ing wastes and crTt* ling iintH>rtant ononoanJoft, For e\- 
omplr, UtnnNMrd coal «xiiiBumplion without incniuoMil 
power would cull for pnjmpt invi-siigatlmi of -In- aoa> 
dit inn of the beitlers, engines and nuxiliarbw. ( hi I he othir 
hand, a comparison of the power dc\ c|ujhh| nud the *\n^\ 
of the? vessel would avoid the iH < cex*il> fur any cimn<cture 
;i- to wltcn il might pay to dock the «bjp for a general 
denning of the hull, and an eXHiuliiation i/ the pm|M-l!cr> 

To a%obl tlw nw*H|t> for alonluleh ririd ahgruncni 
lH't«'ee*n the turbine and gear, they *hoiild Is- coiiph*l 
tiigctbcr by a reasonably long Ih'xiblc sliaft. In order to 
editain this desirable e-ouiiM lion, wirhutit <u a rifii a ing anv 
space, the pinion shaft is made hollow, und tbe th \ih|e 
d riving shaft extends into tbe bun- uf the- pinion tdiafl 
antl is fl««sl to the latter at ttsc end f«rthri4 away fmm 
the turbine, Hy this simple ex|s<elient ibe gnir may be 
■m i clisse to (he turbine, and ntill havr the advaulngi- of 
a "•itmee-tiiig shaft of couddenihlc lenirth. 

Tlictsiiiidiiu; InMwii'U tic iiirbinc shaft and (he nYxihh 
driving i«baft in so constructed as in nlkoi tlx* pinion In 
have a self-adjusting ondwise motion without affivtiug 
Uw waglUiUJUal pumitioD uf thv I urban: :haft. 
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Lightning and Its Dangers* 

Precautions To Be Taken and Means of Protection During Thunderstorms 



Tim killjlllf by lightning ntroki Sunday. June Hlh. 

of noveii lai-ple, including Jiome lillh* children uln* were 
taking nbelter on Wauilnworlh Comiuou agallint Ihc 
.Item-hlng rain of ii tbundcrMorui. shown llitil It Ik mv- 
nwr) to warn Ibe [•while again and again of the 
■Innci-r which they thought Icnnly Incur Hi Ihniiderntorma 
- ilnligcr which they mkirlit lo a large I'Moiu av..|.l. If 
not iib-ndulcly *>cii[-r. by la-having, wheu caught hi a 
tbuniU-rntoroi. In aceocilaacv Willi the dictate* of ka-.wb 
inlgv and exlierlelK*''. 

'Hi™ im-icii victim* uf Ibe Itghllilug «*rc Inking 
nheller from llit- luiirjr rain under the i-n-j.-clltig In.aghn 
..f tirn fairly large Ircon. Altoont ciactl.v throe )i»r» 
ago m'icral im-plc who were InkliiiE .shelter In iiu Ulan 
-*tu-nl at K|*»om under nlmlhir cttvumntauecM were -rtruek 
l>>' Ih'tltlllU''. All elillilreli In ncb.idn ought l<i be 
warned uglllnal m-eklng nbelter In II lhillidt-r-.lorm under 
any military ul«*-tanding nhed. tree, or group of tree*. 
Tlx. danger al-inca friHii Hie fact Unit the nhed or tlie 
triu atniKln out hitch above the gou-erol mirracc, ami It. 
ta-to In Ibe iKOrtft i*jlnt. for nome dlntance room), u> 
the thnn.lrr-clou.l. and Li likely In "annul" the elec- 
tee dtnchiirgo, «r to nerve an the iMlK-u-ge of the cb-e- 
trlclly fn>IK the rlnrnl to tbe enrlb. If the tree or the 
nhed or Mich building were u go.nl Xidoetor" <if elec- 
tricity, utid were Bull deeply In Wei enrlh or water 
(which I* als«. "n maul conductor" of electricity 1, no 
harm would lie done: the chrtrlcliy of the earth mul 
of ihc cloud would rpih'tly ndjn>l thcuinclvv-a hy ahl of 
the pruyVciltuc cotidnetor That b> the .-ervU*-*. which 
"lightning comluFlum" inrrforni. They arc m-ctul hub, 
lilneetl In high, prominent iniedth-a-ia when- they come 
Into rolnthil. with the electrically dlnturla-d thunder 
c»iwl«, uml an there t» free |«a-Mg« thriaigh them to 
the vani nm of deefi-lyluu wet earth and nubtcrntiieaH 
water, the adjustment lietweeti the cln-ud and the earth 
1m canlly and >|uh'tly effected. A* we my, the electric 
current "flown" through the cmiilnclor to -or It may Inr 
away fiom— tlw inrtli. Hut nothliie In nmre futul tluin 
ii llslitiilint i'i«iilm-lor which In nol |iro|iiTly ••curthiHl." 
Tlx- u|r>taudinn outal rud uiiurt end below in a irreut 
plate of iiM-lnl »unk In ix-niianeiitly nioUt eurth, or, Urt 
ti-r, In llowliiK water. When there In not thl^ t>i,lllnr 
uml Kiitllclnit outlet for (lie *l«.it'lc current. n« when it 



Hy Sir K:iy Lunkcster, K.C.15-, F.lt.S. 

Unit U to hiiy. forty |it>i>i>ilK In u |mi|^i1iiI[oii of -IO.ikhi. 
mil. eneh >eni- in Ktriiek liy IlKtitidiii: hi tliln country. 
Therefore, he remarked to hU imrluer. wheu he win. 
eniieht in ii Iniil sttiirm on u itolf link", that the elianee 



proilihil with »uch a hn»e. the cnrrenl Ivliavea [Ike n 
|ictit-iip HtreniD let Inoae. and ilanhen ^no to n|*s»k) at 
uml tlir>ni«h nii.vthlriK lending ultimately to Hie n-.'ll. It 
ii on thla aectiuut Ibut treci and wooden nhedn are dan- 
Kcrciui. Ttiey attract tile electric current. Iiut are not 
"jci**l ' enfiiliirtom, ami an do not provhle n [laiooi^e to 
the di-eji wet enrth. Tlio n-nt <i|. iJntrnctnl ein-trhlty 
take, the form of the -..anrk." or • llithlnhii flailL" Id- 
ilend of flowlnt 'inirtly away. II U lerrltily ilislrm' 
live and erratic In tt« cniis^. hiintli* mid buriilnf 
Itvltiit an well an Inert thlnp- oa ttn way. 

It ti nhvlonn licit hIihh- It In ihniifi'roun to m'k iIk'I- 
ler III a thmiih mtolm under or lit the nide of a prcnnl- 
ie'i>t Itw. or a aollliiry *hcd. on neeount or 
"ii|i«laiiditi|t" character, ao It U dawroiw lo la< yonr- 
aelf Uw nio*t iironilnent oh)«t on a plain or u bill i-lde 
i^irlni; u thumW>r>torm. More i^monn nre it ruck and 
kllleil In lht* way than when nhelterini: under Irci*. 
Shu'p ure often ntntck and killed when l.vlnj; e[ien on a 
bill nlHe In a thuiidemtnrto. What then U mini, woman, 
or child to do when ciituht In the o|»n in a thonih-r 
Morra! The) may take nbetler In a w.nid ihmuch not 
under an liolatetl tre*\ nor under a loiiy liluli lb*ili;e- 
row. 'i'b*.y iln>nld nnk for »ln-le.--r In an> avnlliihle 
ll«tune or eoltnfie which In hullt for liumxti huhlltitioft. 
and ban wcatht-reil fornipr ntormn. Kalllnje lhe«c they 
. may lux iio'il" and ehecii and cattle do) mi under a 
low lylnit r.«-V fuee. or into a ditch, or dry hole l or 
even III the worm l» rhwc round thniil he flat on the 
crolllid. It In lena (Uiieeiiittn io U< wi-t tlirotit'h limn 
fi> lie dry. wince wet elollM-* may and hnve rn-fi^r*-- now 
mini a innirn life uwinc l<i the fact that tln-y nr>* iimnl 
iiiiiiIu»1oti. mid allnw the el.i trle inrr. nl |o |ni» away 
wllhiKU elulriutliin. II l« n v.r\ danm-roii^ Ihliu: in he 
oat In a lliiindcnlorm, which N tl.-e lo you. on a uotf 
lll.k., hi a ho<l< on a lake w wide river, or on the noil. 
'Hie liirter aulni.-ili atwayn n-ek nlielti-r froin a thunder 
Hf.irm 

There am ionic )ai,|>le hi till- oilintry who take II.. 

^Itlliel.- of i-,.f:n-dliik' the avoid. itu f nnrni i t.i » 

T-.-nt,. In n ihtioiloMorm ui iiiu.nii.l.i lioii.lltv 1 hn.v 

1,. , „\ „t „ieli a one. .vt llllil:il I Ihlil. n.e..rrlln 1 ; r.. 

I he <jtl.tl. itl mv.r.U only ,„„■ |M.r«on It. a i.illlloli 



wai iin.re than a million to .me, for there are 'HV. dityn 
In n year. IIU [rtrtuer ln,vvrtlich*n <-mn under IIm- 111" 
of a nlullow hunker and awaited cwnl^ Tin* >tjitln- 
ll. 1.1 li walk.il half a mile aeriwi the ihmrlc.l llnkn 
lowanl the chili Itoiw^. ii iml. wIm-h in mill p!:Hi., wan 
<tiiKk by a HiiiIi ol Ikhn.li.i; and nci-orrly injulnl. Im|f 

Idly not klll.il. Jjiter t Uted that hbs ntailntUn 

had milled him. Very mi.ily f.eryoiw ihc ikiw retvie 

lllmill In 111 Hie limbic of a will [irot«i1.il houno dur- 
ItiK a violent tuundcretoriu. Not Kl.iKHi.iirw of [ni^.U' 
are hi. f.NilUh an to walk aU.nt <,n with*, tint |>lalu>» o.er 
which an eUvlrlo Klorio l> l.ik'lntf. He udmlttol Unit 
lirnlailily uot WO in a year, either liy eoiui«ilnU.n or 
f.n.Ihimllnc*., thnn emi.w theuiK-hen coin limoll-ly dur. 
Inu the full vtolciKV of a lour lliiinderitorm lie le.w 
dei'lnml Hull ..iic'n ilialiev of w7i]n' from being struck 
t.y llirlituliii; if on*.- were f.nl enoiu-h to Inev a ntonn 
and take no iwcuuthm, wan acconlllii;l? only Co In, 
or 1h to 1- not ncxirly no pnnl an lb.* .'banc*' or a 
-ilihrr III Hie fnitil line of lilttle e-aniplliK dilith or a 
dinnl.Uiij; nouiid. nor an tl Irance of niniery from a 

■ niajor- niireleal o|«Tiitbni mui-Ii hi iiii air.|.ilHitloi». A 
cinioiii roiitlniiailon of the fart that ordinary human 
Mult" do an tl rule mvk |irt>t<i'ttoii fr.ma tliclkt cillitc 
ntrokc Is mil in 111** fact Ilia! from time to time vd 
illem roiirchlnii— in the mine way an h.-rdn or aulmul.i 
when driven have la-en .hntn>yiil in lal'te tuirotn'tv hy 
lUbtlilliR. Had llicy n.4 !«•!> under military dl-rfi.lllie 
they would have M.in-ht nJielter. 

When you an- In a home diirliu; u eh.ne and Ininve 
itlatc tlnindernti>r-ni you nhonld ki-ep tlie wlndown nhut 
aial arohl jilaein-: yoiir-n-lf hctweou two lari.*e iiikI 

■ •iv.nilncllt ciin.lin-t.nn of clm-trl.-lty such an the water 

pilar or -can main (If your pi In r luin in-naltlml you 

to know where they iin-l and tin- llli-|.laoc. If 111.- 
lioitu' In a <u-lncli.il .aie or a wraer hnni-a-, and tie- 
nlolin in eUiae, you will he aetiuic niimiunldy if you re- 
tire Into the UiHcui.'Cit until the nn.rtu in over, lint you 
mini be prcpnlvd lo 1-ul up with crllh-Mil from the 
f.n.lhurdy. On Ibe whole, the lutn: rown of In.ux-n of 
rulrly criual helclu tn the «trwt» of u groat town arc 
about an wife an any idac-n durlnir an electric Mtonu. A 
nail way carrlaife on the rnlln In iheorctlnilly very un 
likely to be "atriuk hy liuhtniuit," nliH-e live railn are u 
Hrnt rntc conductor. The Mffel Tower. In Parin. belnc 
fiillm-ly hullt or Iron, in a hiifn lljrhtulu': inudiiclnr, and 
han ln-eii |,l,,n.,|,Tiii,|i,il In ntorin. with forked llghtulus 
I'lajiiiB liannlenily lllioul Hi lewd. 

The Inllat.ltatit-i of towai are much more fn-iuently 
•.truck hy 111:111111111: than ounlry iolk, hii-aiLn- livlac 
an a rub' In til*' prot.-rtbni of tl..' ntlN-ctn, they have no 
tradltionn and habit-- to culdc tjn-ai wh.-u tliey are out 
for a IkiII.Iiiv and are overtaken by u llmmlinloini on 
cuiiuoiin or In oin-n cviunlry. They are In.th liidiffen'iit 

10 ili.< daniccr nad Isnorant u> to the cndltlonn nn.ler 
which that dancer I* i.-TviUcni, ninl th.n*e iind. r which It 

11 reductnl to a minimum. When tbey -to Into the e.-uu- 
iry tlu'y do not know bow* to hchutc in a lliunderitonii- 

l>-aruiil wtitcm >>u at mo-iplicrlc electrb'lty and thtin- 
dir-.li^uin do not lr*,iil.h. Ihem^Ovcn lo I'lle Inronna- 
llon ui to the preniuti.-nn which a man iltouM lake to 
■I..4II liclng "ilnnk." and wluit rnaltlona are the nif<~t 
and vi hat tlu* lin.nl in-rlloun. On the o4h*T hand, they 
have .*iirrle»rtli.- kiiowkilue of tniw to prot.ft Mllhllu^i 
by aid of lichtlilln: luti.llK-torn to Mich a |«.ial that it in 
now* lN-i.illile »o hutld a |-owder rotigarliic wlileli li t-nir- 
tleiilly wife fr..iu luiuircr lu any* thiind»*rsl.,riii. Thin l< 
i lTii'lwl hy ainilvhiB a nelwnrk of ciulucrliiK wire over 

II- nurfam. i mit.-vl to upnlaiidlui: metal nnln, the 

l*an'i of which arc nunk in i*.TmillH!iit 
loutcr. The pr.-tertl.-n nf pr,'*jeTty U more 
tile tln.il tit*' ph.t.i'ttoll of hntriaa life. 

It I*. iatt*"rl:inl tlml ev.'rv.iin' should In- able to judco 
,tf tlo- iH-arn»*-"< or dlilnl:ii' of a liiuti.lersli'rui. The 
noutnl of thunder rau*«-.l by the heullliL- mid nixMen ex- 
|".i'-L,ii of lln- nil l.y the KrenI .'l.etrl.- n^irk which 
. all "a Huh ,.r llirhtiiln*;" tnn.'Ti a mile In .1 -onviinK 
When there Is ,m inlrrv.-il |.|vi<i'ii tlie I'aih n ml the 
— 'iin.l of tli.' thunder of '2 s,i,.n.ln ,,r iin-re. rli.- ■.torn. 1^ 
lor tin' tin.. I. In.- :it .-I -ii Ti ili-liin.,. bin Hl.r.i 11,,- oil, i- 
I- only a -*."•', i**l or l.-n tin' i-onii l-< , 1,*-.-. nn.t any 
prominent object near.nr y,,n yeor-ielf may In- "struck" 
The -simrk. an liah or two hum which may In* drawn 
Hi.. briii» collector of an ebvlrlc marliimr" tire 



similar to Ho- t-'rciit ebHiric ntairkn whl.1i |ai-*» a* 
*'f"l Kill lU'titniiti: ~' froin eloiiil lo i-J.iud nr from a cloud 
to 111. ,*irth The little «i<irkn of tin. cbi'trtc miiclilne 
luulie a sharp ernckltni: li'.l-^-. and may tn. made lo |-er- 
fomte an.1 trav.-rnc thin •.•lam. l.-iiiimt a hole to mark 
their |om»-itfe. Tin y an* l.nt [1 lui lH'n b.ne. The i|iark 
which we know an "fork.'.l llifhlnliu" varlen from H»l 
yanls lo a uilb' tn bii'rtb. and in noun- i-awi lui» ln-en 
.•-.liitijtt.il lo liaie heen HI milei In hli-rth. It* .lenlru.'- 
tl.e jNiw.-r in..) it..' lo.lne whh'tl It maken are til pro(H*r 
Hon lo thin .llfTerelK-e *.f nlxo. Tl... urolllld in often 
"-it rink" Ii) Ibe lltlilnlof »|o.ri. and in -niinly n..ll~ 
curli.u* tiltn i of funml sin.) of some find in lenctli are 
i<.tiii-4lni-"> found, which liaie Imn cnuned by the |n'uc 
Halloa of the lUhtuluit Into tlw tcrviniul. They nre 
calhil "fillicurilev'' The d<-«1rucl|o|i ciiumil by liKlil- 
nun: In due more tn Ilw .'oiilUtEratloli.*: vi lilcli II atartn 
ihan to Hi.. .lUnU'ilie and bunlltie acllmi of the cur 
rent, ncrioui in that In. I ntll the n- of llchtjilnjt eon- 
iltMlon wua lntr.»lin.*ed little uiolr than 15" yinim »j«o. 
church towem and ntin'plcr*. and. In fart, every larirc 
ami prominent biillilluc, wnn <h---tlio-<l to In- struck by 
lE^tdiihni and more or h'*d ii.tupletely (bi.irt-y.il In the 
ciime of a few centuries Tile calhmlrali uml eburcllen 
of thin and »ihcr c\.unlrle« hiiee la*en. In the rour-u- of 
hl-.ti.rj, re|«-at.illy -.truck by llghinliiK ami often burnl 
to ti„- Kmtiiiil, 'nioiiiih the liithtnlni; na-*h In a very 
dltthull lliinu to deal Willi and lllk<« the »traru.*e-d ami 
moil iiucxiH-clii] inilh.i when It -drlke-t a hiaim. or other 
hulldlnc yet it In the fact that the iLamccr of rtowtrur. 
tlo It ,,f huildlu---* hy lUlitlilui: han Ini'li lireullv reilucill 
t'oinleh'iit cliiirMann till over Ktiro|-e are .N-cniihil in 
tlw endeavor to Improve our pnnelit methoda of protnr- 
tb.n by ' Itehliilni: <vmdnrti*«." 

Tlii re nr.' neveral varlctl.i of "lililltllluit." or viiihhr 
ebilrlcHl dim*luiirv4iv lu oar aliniwpliere. They are: 
I I I The line like. wavy, often hnir-chiiiK "forked llchl- 
iiIuk", (••■< aliccl lishlnlne: i.Ti ft Klmo'n lire and the 

i. nish" dlw-hur!-e; li) liall ll*titiili.i; (iilnn calhil "rir.- 
Im]I>.~ an. I •tlniiiderb..l(H"— u tinine api-lbil alw- to 
iuete.-rie nliiiiix): i.'il Ibe Aurora ItorvulLi (or -Po 
Jarl.i," nlim, It -ni'lirs at Inith ]i.l.« of the enrthl. The 
"it.nllaciil lliiht" \n tail. a-, han lni-n ilipinmiil, an elec- 
tric dlielial-.v l'orked lljl.lnliiL' Ii the fjimlliur. dan 
Bi-nite. iiuirk like form of dlnchar.-e, mid -sheet light- 
nhig" li merely the ri flcclloii on cloinli of fivk.il light- 
ning, tin. ,11-lniit to ln> Itnelf vlill.le SI. Klmo'i fire l.i 
a OUilintioui bruih like nltcnt dln barge given aome 
(Iniea lit Hie nuithcnd of nbt|m. A nlmtlar dlncharge In 
sn'n on lo.niiitaln t,.r**, and In dcncrlln-d hy Alpine 
ellmli'lv. It wio. xi-u I, ii, I .luillr.1 at 1 In- olncrTatiiry 
on lU'ii >ei Ii a feu ymn ago. The jnilnts of the r.x.t. 
tin- |n.|i*!>. and even the hum on ihc licdn of tlw ul>- 
•x rv.-rs (as si*ui,.|liiM'n the l.i' a\.-n i-f Alpllle cllml»-m> 
gave on* thin nlarudiu;. hut Im nil I,-*., lumlmiui elti'lrlc 
glow, r.all .'bv.irlcily ii u very terrible ami umiiiamon 
tiling. It bun. however, bell often n l(m'*->n'..1 and de- 
•4crili.il. Inirtngm Ihuiidcrxtoriti a liiiulm-iin hull from 
a lew ii-chm l.. a yar.1 In iHaini'ler in -«vii moving ninr 

th" nni'f. 1 the grournl it may rise and rail and 

i-ico cater an i-ia'n ihnir. I nually when It loacli.-i any 
nhnliiclc ii cl. tonatcn. and .aune-. enormi>iln denlnictl.ai. 
like a ilviiiimlt,' 1h.ii, I,, Tlie Aurora Ib,realli, or "North- 
ern l.lgMs," laller calliil Aurora 1'olarl*. In a form of 
I'btirle dincli.irge In our ntire-nphcn- which occilrn only 
Diar Ihc Arctic nod Anlimtlc reglonn. lln .«i*iirn-nce U 
not Breountnl for. H ciu-tnln of curtain like nclntilln 
t:.*nn of .silonil light, and K acc.-mimnled by n binning 
or runtllng nour.d. arid mnr l^> relateil In aaliiii* to the 
bntib like dim-harge of St. Klmo'n tiro. The *-lM*ctruiu 
of Ihc atltvira han Ixvn ex-iinhail, arid nhown that It 

ii. lililllin the pi« of our atiieinphcTe (Including tho 



'Dicr.- are fewer tliiiiulcmtoniL*. n ml al»i fewer |-eo 
pie kill, si bv tlgt.riilng am, null) In norllieni rouutrlm 
than In iiMtlii'Tii. Thin -itliteronit muni, however. In* 
i|iililitl.il by the ol-u-rvatl'-iii that thiludernlorms are ul 
ini.it iiiil,iiov,-a In two wlih'ly s*i*arate -u.ulhi'rti lati.U, 
lum.-ly, Kgyi-t ii ii. I Ivril In the I'nllid Uliigilom n 
lliiv.ll -.1,11111.-1 lil,|.il-.r of in-rnonn lln |,T..|n.rtlon I.. 
|.,|.„l:,,i,.,,, m inininllly killerl liy llglilnliig lli.n in the 
I niti.l Slnles .,f Aiiierl.a or In Frnins The tiumlier 
of -both- fr.ma llulir nlug Ml-,1,,' wlibli .nviir In rural 
ttl-ril.f. I- I. 'ii iliih,-^ it' loon, roln in pr..i*.rll.,ii to 
I*, pnli, In, n Ibini Ibiw will, li oii'iir la 1 1 - vv e ih This veins 
to be due t., the r,r"t,*'ll"ii iirr.ir.l.il by rhe ntr.et.1. 
WliHInr the .mailer .lenth rate from llclitnlng In a )l— 
ruh.il Kingilom iis ■,.,.„r,r,ii with the rmted smten of 
AtiKib-u and with Frim-v in due In the lew Holctw 
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a nil frviiut'iio' **f lliuii'l^ntturiun In our Inland*, or to 
BH-jiJcr t'iirrlf?«iw«i, mid iilw to ktv«Ilt «;xi»Mitv lit 
outdoor work tu wild rrjilntw hi (lie two latt.-r ooim- 
trl.**, t1mi4 r».< *|i[-'Hr. 

Twu rrronevUM iioll>n»» titv to-in-hdlv boiird of wlit-u 
u dLnastrr smell a* licit nfaU-li otxiinvd »m Winwl*n<irth 
Common 1m m*i>nli*d. iuw U, ttmt rvrtaln nf 
trvt-n niv m-.tv lUmnvromi n« HhflttT hi n lfnirMli-.--h.riii 
tliun utlii-nt. It l«< *ukl Unit nit'iv i***i|>m- ur** k.lli-d l.y 
IU,l.trili.i; umlrr oak I mm tioil Hm tm* tbim m»n-r 



hiivh tret**, niMl that iiu out? hn« e\vt bwii killed under 
n liln-h H-<K An *tl*!innt U mmk- Id Connect this with 
tliv titilurc or the wood of tin** tnmi. Hut the fact* 
ure not i>ijtbll*bed, tun! It In iiri>tml>h> that the frw- 
nwiwy, iui^lii, mill «*tud (Hmith>4i .•ocuHt'd *«ch uf 
Uiwc tni-* iuv the entwvi uf tlwtr .-ippMmitlv favorim; 
it f«"»niiL' tbtr ihwdJ; activity of n tlatd. of llfibt- 
nhiir. 'I'lii* sii't-iiil i-rn»<iii>iis jh.Uoq K thtit ttio ll,,UtQtotr 
■tfn-ii print* off .iiitu th-- ln-ly of a M*r>-Hi Mhk* by U. 
ii I'Muif. u nurt of i-tuih-crnirii. «f the Irw under wmVn 



h«« ur wilt* mmh HtDiiillUK'. Sutli trw-Ukc ploluiv* are 
ofteti fouixl on the skin of iierwm* struek tiy hu'titnUis, 
and lire cnuwrt hy th* dJasolrla,. uf tl.n colon*! eorpu*- 
d« of thr blood ID din Imtwbtiic Iw UU- Wood I'l-rwis 

.if [tl*' Mfcllt, Wtl.'fV tllO IllihtlllllJ. ICIH |-«K-tHl] it. SoOlL- 

UtoeH tin --111 tailoo irwirV i In the »n*e of n aildirr or 
pallor, win mixed ii|i with town "exf mi ii«ith4m" of 
htm-J fn>iu tlu; tn**- IlU- ttruinliliiL' bli»-tl i ami «• 
-jlvm !■!:•** t<» tioir%* l.'ii* st..rl»-> :«h in ih L * fU'lur.-. 
urmnilit of, th.' vlerint'M BkUt hy tue lliditniiiR. 



The I^w of DiMtances of the Planets and 
Satellites 

Srum ftAtroDoinpr« *till ndhcwi to Xf wcomh'a .'|itinuo, 
tlkat the (IlHtmni-* i^ jiltuMs and w»t.llihw fn»m their 
eentfTH uf •tlrfc- tion an- r\u{ i-orui*^t«'d hy nn> Jaw, It 
in true thul valid uhjoHioii run U- nuide to Hode'n *'iti- 
ptrval wfunlnur tu ulu-.di Uie u-jvimtxiinnt*- ttiKtititoev 
of thr jibuirl* fn>m tli« huh eon he fimnd hy muttiplyimr 
by H.3 rtwh tvnn of the »ri*f.: O. 1, 2. 4, H. I ft, 32, Hp., 
and aihltny H.'t to the peodtirt. Tin- faet thai llw luw 
in%i-n W.M, in^tiad of ISO, for tlw disiarn'r of N*-puiTio, 
is of »tiudl imixwtanw. for thr law |>p-,l^Mlhl>■ d** *. not 
aif|d> to tlw rel n -cradi- r*<(rion of \W *x»tvin t in which 
Xr-ptunr i* -dtuahnl, tut il« retn^raile rotuttoii kUo»«. 

Hut lt.Kl€*s Jaw » iudlmdi.-twl hy tit* " Me*.:uitqur 
Cdlewtft" of Iji|»Ji«**'. which 4*iti«titute*. a far mure KeriouK 
oi>j<x v tlnn. In for-t. Ihtdr's law trivrtt a very at'L-urat^ 
Value < *»,2 1 for Jupiter and a vi-ry rrmnraux vnlur 1 10 
iovtend of fl.-lj for Saturn. Any eliantr*' in thii diidan<« 
of the!* two (rreat pbuicU that mny havr- takm plaee in 
past aim muMt have U*n e»u«»i hy 1 hi tr mutual at- 
tnu-tion. but tlw< nuixlmuni effe*t of thin uttraetion, 
aiMNirdinir tu the "Mfeunique C^Hvte," would 1»* 14 tinit-s 
Iomi than the d^rarture of Saturn from Bodc't* law. 

In preflenttru; tlietw facts during the mursc of an artH'lc 
in L*t $<*t\t** t Kmile fh.Iot points out that: "Shunt dU- 
e«|*uc%es U-twefn an rmpirio*! law and nhsrrvett fwt* 
do not afford a Mtlftcfmt rtiuxm for rejfetinic t)ut taw. 
Kepler's (Jure )n*H are only approximate. If Xewum 
had takon, with nyard to tlbein, tike ftkeptR-ftJ atlltude 
riferred t4> above, lie could Dot have provtxl the uni- 
vtrsRlity of gravitation. 

"Tlw only diiTemuMi that exists lietwrm Kepler's la«ni 
and the law of planetary distaiMH^ i« that aMruaonH.ra 
nun itawily erqdnin tlu» formrr, hut have not bevn ahlo to 
oxplain Uie latUT. by Nowton'n law of universal pravita- 
tion. This failure-, huweti-r, w not a sufll<nrnt rnuou for 
rrji^ tinK the Uw of dintatn'v* u *irwn." 

Hy adapting the idi*as uf Uet*i *rt**M to modern H 
M. Helot assures liis n-wlers thai he lian KUfv-t^hit in 
eojistrueunir a new vortex coantvony, and in driiMni- 
M rating a law of distaon-s wlucb is raoiph-r and nuirtt 
aeeurate titan that of Hode. Thli new U« was submitttsl 
to lht> Acad^cnie dts Scimoos in 1'JtiS by II. Poincarii. 

The KitUJoiowd l*b*e of ealmlated and oh«-r\od dis- 
Unrre "loavee no room for doubt of the reality 'ft Uii« 
law." in M. Helot » opinion, and "it aim *liows an 
a>toui*diing eorrc-4poii'l**iK-t* between the eol&r nysU'ii) and 
thr systrat of Satuni." 

M, Helot eoutinuea: "The •uddtn funnatton of all the 
planets at thrir prnrnnt distanccit would bt* iiu-'omjire- 
betutible on lAphvco'* hypothesis of a single nebula, hut 
it entirely natural in my vertex rasmucuny, whirh 
beKios with tlw coUiaton of two neblllm, one vorUeal. the 
other amurphous, and viulowt>d only with a movement of 
translation. In this rolluMun. annloeoua to those which 
produce new tdnrs, Uic vurtiral nebula is thrown Into 
vjl ►ration and piNijccts into the amorphous nebula as 
many eonwntrie shoots as tlirre an* eontcn of vibrattuu. 

"In eaeh of theAf planetary alavta. where tlio v<>lueity 
of tnuuhstiou it 4imini*1ind by the rptdstnnce uf the 
modi urn, thoro iti only one level, and in this levd only 
ono point, where the taiureiitlal vt-Ueity is opposalkln to 
Urn relative vWoeity uf the vortical nebula. At thrao 
points only, in all of the sbeeUi fumultaneou^y, are 
formod vortieos, the nuclei of future planet*. This rapid 
and simultanorriis expansion wan observi-d in 1901, in 
the nebulous rings of Nova Prxsct. 

"A oentury ago Lntranipo and lAplaee believed that 
they had proved, from the series given in the "M conniqao 
CAkwte," the invariability of die moan distanrof of the 
pUnels and. eoasequenlly. the stability of the solar sys- 
tem. II. INrincM-tf, biwever, hue shown that tin** «nri«t. 
instead of boing oonvrrironl, are diveri'-. tit, so thnt tike 
stability of the solar system remains uncertain. But tlw 
law of diNtajkoos remove* this uncertainty. If, since the 
original f urination of the universe, the distance* of the 
plannis had been changed hy tidal action, mutual at* 
Uaetion. etc., and If tli-*e pfrtiirhatkins bad ncoum- 
ulatf*!, tlte rwuliN wouM differ for laru« and small 
plaoots, and for planet* m?vr and rooiote (mm U»e sun. 
lo sbwt, no law of planetary distaiiet* would now be 
reeofcru&bhh?. 

"The foci that Oii* law has existed Quchaaced from 
the be^innimc proven that Uie stabiUty of tho solar sysUmi 
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hiu pewwUsl durliu; UN) «r 2nd millinn y«nri:, and is in 
no dttiucix Ix'UiK dwtmytil in <lw futiirv, utile** tin. 
ny»1i.in should «imc t<w tn»r tin- m.l.ola 111 Amlrunu-da. 
»hi. h » upproiioliiQK ui villi tin- im-nariai[ vtJiwily «f 
'JIIU lniloii p<ir wKioncl. 

"TIiuj. tltc i^rtoin (Wh'iw vi tlw? law of jduwitmy 
dI»l*nM'B prov« at omit thr stability of tlw tniax ny*t4iln 
und tin.' iKwmognnUi iaiainiiflran<v of tidal action and lh» 
mutual -.ttrwtlon of pUncw or aataUitoa." 

Alcohol from Wood 

Tnr throrift', knowksU^ of the rhnniral ctnictaro of 
(.'vUid.K** 1 . gmpn Hiirar, and alooliol nato rally loadn him to 
dmin.' to *a4>i>h*ri7-o nrllulnMi by trr«txDrnt with acid. tUat 
U, lo invert it into erapx uienr. and then to convert tbo 
■uKar obt*iiR-d In this way into atcoliol hy f^nnvntation. 
Since Ilraeomiot dcmo»i>.tr»U^ in 1819 lltat ferroentjiblo 
Miliar i> furmnt when »ub»tjuu.« oontainuut eeaakuw aro 
tr*<AtiHl vith acids niauy cliemutif liave devoted thdlk- 
^.]v«ut to rxpfirimenta to find a good u-chnaral procem for 
tlio ontaininff of RpiritJ from wood and athor nubetiuiooa 
eontalnliic c«lliilo«e. Up to tbo cind of tho last oculary. 
however, no rr*l tecltnical nuooow had lw«n obtained in 
thin field. There ha* bt'ii renev ed activity In thia branch 
of rcwari'li fi>r tlw lapt l«-n to lifteen ycani arul Krnat nd- 
vaneen liave been mode. cMpecially durinfr tbo put nve 
yearn, in nixr ehnmical knowledge of evdlulo**. A larffe 
number of cdloloon fartorir* produen alonhol by workbur 
over their wwto liqiwrn. Much larfer quuititiM of al- 



in •■■tuuiri.n rieh ill timlwr, In dijeitwiu: the extraction 
,.f aWihol fn.oi »>»>d ub»(c, Or. H. Ditiunr says in tho 

"lioth In Ue- l 'nil.-.l Slates of Ainrriri and in Ouuula 
tlwrx- are MtwruilN »hii-h k<-ep t?r»at tint* goinif ilu> tititl 
tU4'Jit Ut rid Uiem-.-Kr:« of th.- wtKtil wasIi^. Airiirlcn 
Nt^nm lo lt^< tiie land in whteii tlw prohL-m of i .\tnu-iliij: 
uleoltol profifattly from wuud vawlt- nill llr*l rind u Itra*'- 
tical solution. The labor, .rf Kueopean ii>v..«l. K aloni 
form tho ba.ii of tbu cxperinieur* undif taken l lien-. Thu 
priKsiM oriiriniilly uwil »ns CbuwiiV. tl-.i-rilnd in the 
l m*»au iUIU'i, N'o. Ltii, in .lilcli il„. «i»td i>»t<te was 
tettatetl witii HiiljiburoiM a* id Tin 1 details of tho ]>nm«K 
Mt'W. utprkctl out ill llerr Uebeunral't'laN^'n"* laboratory 
at Aucii.'ll. Amerieuu rapitalift« then built a labonitory 
at niuliland Park n.«r Chiraco. and a, gooil re^ulu wen. 
.ibtaiiKNl here the Claaien Upium Ci.mpony. which had 
U4 a i|uirtt«l the Cliuwen patents, built a factory for nianu- 
faeUiriiur wikmI alcohol on a Urtp< »eal»' at MatU.lMirj,'. 
Mo. Wtxn] nhavirur, and *awdu*l wore put Into an iron 
dup.j.t.1 lined with had. llw difce-t. r »» iiiar a oylindriraJ 
vvtt\ HI nieK'm loiuf and 1 nieler in diaiiw ti-r iu t in a 
htiri/'inlal nontion. 1'be .Minteulri wert. moistened with 
a nearly saturated a«|ueou» vjlution \4 nulphurou, acid. 
The dicwtur. wUieJi could bold aliaut I.HIKI kihw of wowl 
»a*te. wait then closed and set in rotatit>n whilft tlw .ton- 
tents were beate<l to 1.1*1 di^. tVnt.. and tlwt prentture 
in«ido row lo 7 atmosphrrn.. After four to nix koun. 
the eonumta tlw cylinder were token out and wunhed 
with water. Tlu* Mipiry liquid lltu* aeiiuired wad fitr* 
inentotl w ith v.««l . About $ buret, of pure alcohol aboidd 
I.ki oblaliKMl frtun e«cb lut> kiloa of dry wood wa»t«." 

V'ariouri leehni.'id difficulties orotic in the proittii-al 
working of tlie proeew. C'entt^fuently. th«t IIattUl<ur)£ 
factory »a> outy run for a short time After thi* the 
< 'lawen process underwent two iliffim-nt forms of dev. lt ,|v 
inttnt in Amcricu. A branch of the Closacn l>ayiiiiiii (Join. 
]»ny. ealbttl the Classen ClwinieaJ t'olnpnu>, built u ll.w 
fai-tory al lliuilock in the Slate of Wnxhiiuclou which 
iruwlo ut»e of n somewhat modlflo'l |>m.tc«». 

Furtlior ex|»TiintntJ acre nl»o iniulf, iudeiiendently 
of the (."laAw-u t.'.>nipan>', by two American engineers, 
Eweti and Touilinson. who w»ce iK^iuaintcd with the 
t'lawien |>roctt«s at Awhen. Tbetr irroctris differed from 
IMasaen's in tbe construction of the digi^rlt r. Th* good 
results obtained ut a laboratory huilt near Chicago at 

where according to tho invostigaiiorw of lYif. ICutlan 
of Montre«l N.5 liters of ftlooliol have been ob(ain*Ml from 
Wi kilos of dry wood «ihetance — led to the founding 
of a new oompany. TbU onraiuzalion. tlw Standard 
Alcohol Company, after obtauiimr Ewru and ToiuUnson's 
patents budt a Larre factory for making wiMid alcohi^ at 
UourRctown, S. C. Ur. Ditmor saysfurtber in his h.iiii- 
innry: 

"Tho first montionod factory at (icorgvttown came into 
the pofweaiion of thje R. .1. du Pont de Nemours I'owder 
Coiupauy . This company controls abno^ the entire 
mauufa..'tur«. of jwwder and oaptoelvee in Ihe Cuil«l 
States aikd um*s tnlch enormous guonlilius of s|>irits in 
its numerous factories *x altered over tbe entire country . 
that, although tbe factory at Oeorcetown produce* mrm- 
than 0,000 liters uf spirits per day. it is regarded by tin. 
K. J. du Pant de Nemours Powder Company merely as 
an experiment station. It is, consequently, of the gre«t- 

wwds a» cheaply as pmwblo, and It is (*«y to understand 
that it t< working with the greatest energy to perfect the 
manufacture of wood alcohol, and ahrlnls from no raerv 
fieo in seekinc tbe dtwred end. Tbe factory at Oeurcc 
town, an old soapurt of South Carolina, is in I tie ini- 
niodiata vicinity of three larire saw mills belongins; to the 
Atlantic Coast Lumber Company. Formerly these nulls 
Ibraw tbo wood waste that was not usnd in beating the 
boilers into the water or sjirrad it on tho aurroundin* 
fields: when this proved unsatisfactory tbe waste was 
burnt up in great furnaces. At Ui# present time, 'JSO.tKKl 
kilos of wood vaste are worked over dally Into alcohol." 

The original Kweii and Toinlinmm proems used in tbo 
factory at Oconretown bos been suinewhat chawed, so 
that sulphuric acid, ruit siilplsunms acid, is now used in 
saccbarixing tbo cellulose. 

It would seem from Uirac cxpericnens in the United 
States that the manufacture of a|e.thi>l from wood waste 
may before Ions; become a siionosiiful oorapetitor or 
tho oTduiaryJdislUtatloii pnj<HW. 
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Kir cling the nhvet piling of the nrw SI. Thorau dock. 



I'ilin« of the nrw dock. Al rlithlhaiul aide in Bern the iron pile facing. 



The New Coaling Dock at St. Thomas 

The First Unit of Extensive Harbor Improvements 
Bv <\ T. Mason 



liMiniM, itiur (tit* Inland will betM'tH thn.iixh lb* 
<i|kmi1iik **t the 1*)iuhiih eauiil. I be iMni-ti |>eu|de, it-v 
nhurrbohMTK hi 11 xviMllcnti* fonwd fur the iiutimim*. a nt 
IiuIMIii^ al St. TlmmJi* what pfgaajaaj t" **' ihe tin-**! 
«Nitillnic dor* In ill*" WeM lmln*N. Il wan at flrM \tft>- 
pgtti |e mi-T) out iuiirli mure tmiH<rljiiit iui|iriH-t<niLiiU 
«»f Ibe renllj !i|i|<<iMlid hnrlHtr. Ii> rrrliihuhtc till the 
ininl ui tin- W W Umi ntd "ml MiUdlng a ib»ek einUink- 
in. hi uUihi; tin- riilllv Htwin*. Willi n eeiitnil ujtf 
feel Intnl. tt drydiark MRl feel hi leiikf h, uud ti hreuk 



writer to further (inititt the mIiIhiIi.c in cum* of heavy 
w fit I her fruin tin* wmMIi. It wan r<*niMl htti*o»»1lile. Imiw- 
pvit, to rulne the required fT.iMi.um In iMimark, ami 
a* tinly nil I hum I t*tt|»Jtal wax dridred ur udvi*uble. the 
-li. in*- tunl i«i l«> HlmiwIniMHl tit fit. or of I in* praavnl 
BH HiIh bom Ml In rvelalniliiK aUnii uHf mini <>r tiN 
land am) 11m? erection of a fcinee omllnu dork M|atW* 
of admitting nwweU dnivthiu thirty feet of u tit it. The 
,iork tN'KiMi In April of tan* year til" I. at tin- rulr 

it I- Miic imxliiti, villi 1m- iiiapMH b\)f UrtulMf 



fti onli-r to make ttiv appruacti practicable fur *» 
-eh of tbt- ilnift mentioned above, n channel larytaJC 
fruw Qui- h> Juu fuel wide In In-Iiv: dredged alone the 
■148 uf tli* 1 d«*'k. The eVenvalrd Mill. emit* Ming of 
**iid, clay, ami hIh'IIh, Iiii* la-en u-*«l to build up Ibe 
land required for Ibe 'iteration of Ibe durk itml aba 
for lilllin: hi Ibe s|«icr* U-twtt-ii I in- piling. Thb* r* 
claimed land iiiimhiiiIm Ik nmrly tan* hundred acre* itnO 
WW ilmii half a Million ruble yard* of *oll hate brrti 

niiplonil in t|i.- couMruclligi. 
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A tl* the (luck I*:-<-lf, lllltt till* HU IftHl faclllg Of WbOCt- 

1 i in-, known jik the Ijtnuseu *y*tein, whkb euittlata of 
(rough-like, pllew, acvcii cli^tit I>m of an tmii thick, that 
alternately turn ttic trough Inward and outward, the 
|rflca being ki*t*L together by the edge uf oue sliding 
down In a ridge riveted ciu the edge of Ibe other. The} 
are kept In place partly i»y U-Ing driven into the aolhl 
ground ami tmrtly by Ik-Iks t*»tted to n *y»lcui of 
wooden |Hlh-* imi tin* taudwurd side. Thewe woiMten 
pile*, uf widen over .Yum were u*ed. are of American 
yellow pine, averaging from N lo II hirhc* la diameter 
iiihI from Id (it .">i fe\-\ lung. Ttu> *{«ce Udween the 
pile* will !*■ tilled In Witt gufl dredged frmu the 
ifin uf tin- channel. The *v*tetii of |n>u fticinie em- 
ployed tin < Ih-cu u*ed to limit *ull*factliHU In similar 
work, pnrtk-ulnrly ut KM. tiut ucrcr un *uch un extcu 
*|vr wruh>. 

When cntniaVlcd, the pier will measure £lou feet Id 
length, with ji dfjitli along the able uf 31 feel and u 
height above nie.ni am level of N.25 feeL Two cut I 
crane* (to begin with) will be lii*tullcd. each having a 



A Surjre Tank for Hydraulic Power Plants 

A Simple Method or Controlling (be Flow of 
Water ia Long Pipe Lines. 

1m hydraulic power plant* which an* nerved by hnug 
pljn* line* between the reHcrtulr and the nalcr WaWtlt. 
when there 1* a sudden demand for more laxwrr. neeoa- 




Iterrick aaed in erecting the tank. 



Httatln* ati lucrea*cd aupjMy uf water, there will ordi- 
narily occur un interval of I Itm* ufter tb<* valve* arc 
oiwned before the ni>ccMMary lnrrcn*cd flow 1* e« lab- 
ile tint In thv pipe line. And oil the other baiMt, when 
toe ralve* at Ibe turbine arc suddenly rhwed, arvcru 
strain I* thrown on Ibe pipe line In checking the mo- 
mentum «f the tunc column of water. To remedy thcac 
condition* modern hydraulic engliieera make u*e uf a 
hydraulic reguhillng device known an a -unci? tank, 
which la permanently connected with the pipe- line at a 
convenient point, usually an near the turbine* an 
poaalble. 

'Hie of the laricmt huixc lauka ever oiriHtructed ]ian 
recently been erected at the plant of the Salmon River 
Tower t'ompnnj at A It ran r. N. Y., to take care of the 
hack pmwure or f«nree> InadH on a very large pipe Un*> 
Htippltlug water for [mwer purimww. Thin Hue Ih 9.500 
feet Ionic and ran ices frmn eleven to twelve feet In diam- 
eter, and the volume of water ami the variation* In 
procure to be handled are exceedingly lnrjre. 

Thl* creat lank Ih a cylinder with a heailH|>hi-rletil 
bottom ItA fe«*t In belcbt and f*** reet In diameter, ami 
the 1 'J foot rlMer that coniu<i* It with the pipe line In 
1UV feci hlicb. UJutflng the lop of (he tank tcrt 



ca[Mdty of 100 ton* an hour. For the lighting and 
operation of the uVck by electricity a power biraan 
(built on liardwood i>11ch with a coiicretv foundtitlon) 
I uim been erecieiL, and ben; a liiearl motor of «)0O hurae- 
l*>*. i hn- U*'ii iut-liillnl, nin1 lui-itttiT Klmlliir rapac- 
ity will aliortly U« auVled. The lighting will lie pr.. 
vlded by fifty tuetiillic lucamlcf«cciit lamp* of froia 'JOtt 
to 300 cjuhHi- ii.-ui r, plniiil In two row* A pomp 
limine for Kiipplylng tu>ti water for cooling the motor* 
Iish ubvj been |<ut up and connected with the engine 
riKdn*. It la ex|H-ftcd that the Kyxtena, laitldeM Mtipplv- 
Ing all the ncedit of the dock, will nbxi be called ii|hhi 

to fumbm the llghlltit; for II Ity. now tlhuuliiMtrd 

by gaa. 

It Im I he llilentloti of tbe H>mlk-ate lo provide oil for 
veMteh* imtrmditlng the port, ami the neevwenry atorage 
laukx will U- ent'teit nx immui n* \\w neeiU of the <|uck 
are pro|ierly ii>eertalin-d. The work has 1hi*u carried 
out eiillft'l) by liaulMh engineer* u i ot imi'haule*, of 
whom about llfty were brought wit from lieiimiirk; 
while native Labor ban found emptuyuuriit to the eileut 



above the ground Okaa* to the |«iwer plant there 1** a 
MCi'tbau of tbe |dt*c Hue, nilleil tile dlxtrltHitor, with 
which Ibe |n*u stock* lending lo the varloit* turbinea 
are eoiJiMx'leil. and III thU di*lrll»utor U iitaced u great 
cant Mei'l to**, which form* the ciMiuiH'tliMi with the 
rk*r that k-ada to the *urge lank |HTo|*<*r. Thl* rlaer 
I* I'J feet In dlameler. (he Hiime ate a* the distributor 




Kber and tank aa seen from below. 



pipe, and coiuierl), the latter with the taitlom uf the 
tank. Within the tank IhU rtarr U nniltniioit alamt 
two thlrda uf I lie height of the lank by a Ncctluii 10 feet 
In diameter, which In effect divide* the content* of I Ik* 
tank Into two dl*tlnct part*. At It* lower eml thl* in- 
terkir rtaer la provided with open1np«, termini illlferen- 
ttal piHlow that form a coonectiou of the afaice within 
Die rlaer with tbe main \»-\y of tbe tank, the function 
of the ptirta being to modify the flow of water to and 
from the tank, and divide the flow between the main 
body of water In the tank and that within the rlaer. 
When there I* a demand for more power from the 
plant, ami the valve* at the turbine are maidenly 
opened, the differential port*, by retarding the. flow of 
water from the tank, apply l he full accelerating head 
to the pipe Hue. and at the same time the tank niftkc* 
up any defkieucy in the volume of water required at 
the turbine* until the How In the pipe Hue baa accom 
modatcd Itwdf to the new condition*. On too other 
hand. Ihe-e wcalled valvea check the rlae in preatmre 
more gradually when the load la thrown off. In the 
woodrii flooring at Hie top uf the tank anltnhlo trap*) 
are placed to permit of the pa mage of air during rapid 
i-huutfc* uf wMicr igvuav (ha tiuk, which tfutup* ur- 



of about three huiidrei! taTMHifv (he pay of theae na- 
tive* iHtlng 00 renl* a <lay for uu*kllle«l liand* ami H ,V5 
for mechanic*. 

The photngraith* n*iHrudneeil, and taken ex|Hre*vily for 
lhl> article, are by IJeut- *>l>»-u, one of trn> englm«er« 
uf the ayndlcate. to whom the writer la Indebted for 
tlie information given. 

The Altitude Kecord Again Broken 

Alius the altitude ri-cord ha* hen hrokeu, thl* lime 
by the (Jcrutan aviator ihHrtch, who ha« reactii-4 an 
altitude of 9JJO0 meter*, or '.HVXiO RMfc At H.N0O feet 
he found breathing dlftirull. and wa* otillgetl t<i make 
un* of III* oxygen apiiarulu*. lid*, bomcrer, did not 
help him miK-h toward ibe end of bin a*eeiit, ami he 
Mu(f4Ted deckled feeling* of akfkgntin and glddlMM*. If 
gnvier Mght* are to !*• *tl;iln.tl, QMllBfe UKA*rt* that 
apMtaJ priivMirii will have to be made for bmilhlng, 
and tibai *ome kind of protcclloti for (lie l*»1y itgnlimt 
cold and reduced air pre*>un>. 



liable to lie tpilte large ami of frvipn-nt rrefiee. 

TIh* tank and It* lilting* are Mib*laullally con 
Mtructed of Kleel. and II U Inxuwed In to proleet It from 
(he witntber. and provl*kiu I* made agalu*t freezing. 

Damascene Steel 

AtUaailMl to an aftkte In the tntt rn»U*mnU Zrit* hritt 




Snrgc tank and pen vlockm. 



fur .XhOitltrfffH fAte, by W. tiuerlk-r, daniaaetine «ba>l eon- 
taiik* 1.0 to 1,1) per rent earUiu, and enn»i*U MnietuniHy 
•4* extremely Hinall graine uf reincfitito Ut u ground tnaaa 
of ferrile. The ehanw'teriKtie appcnran<-c and im>|*trtiea 
of the steel are due to alternations of ccmcntilc-poor and 
eemt*ntJte-rieh row*. lYnlongcd heating at high tern- 
pcrnturv*. aa ivetini mended in the earlier literature, can- 
not poMMtily give the desired nwxilf. The moat pmminng 
method eeems U> be to heat toil table *teel. In which an 
extremely An«-crBim*d structure has been iudtieed, to a 
temperature below TOO ilea;. Tent, for a nffteionlly long 
period. The neeewary preliminary ■tructiire may be 
produced by very rapid cooling, or by aevere working 
above the nutectoid tempurmture. Journof of Franklin 

j'h-.oliu'-. 



A Novel Wax Bleaching Plant at Krentford ( Kng- 
landl i-oaixb-t* e*MentlaHy of nil electrically drlvefi blow- 
er, an air cooler, a battery of five uxocilter*. and ibe 
ve**e! 1n which the material fes treated. The mtooe 
pnwlnced i** Utl tn the boitooi of the treating vemel, anil 
iHiwen up through the molten wax In Hue Jet*, effect 
lug the blenching of tbe wax. 
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The Riddle of Mars 



Mow the Pkuiet May Bt> Saving Itself from Death by Irrigation 



Mar* baa ii k( trefoil Ikarbutloii for tin* 
Illy malt »n well >i h for tho astronomer. Inasmuch lis it 

In |imlaahly lb .I.v iiiIbt ..r IIh> solar system. <iur 

own rwrtll i.f course evrluihsL oh which llw existence 
itf iiuliml lifr Is III all likely. Wbul Is Ibe character 
>.f ibd II to? Kof tin 1 solution of mi astronomical prob 
leltt. clrclllllslnulhll eildi-m-c la "II (bill U nvalblhk.. 
■mil crtiiiiillcs inn imrr In* uvallal.lc from Mtrti evl- 
ih'Urr nlmio. l'rof. l'crclviil IjowcH's views with rt-ttard 
In Ibe waliire of MnrVa email* and '■"»•■» "WW nadied 

Mini) ii) direct otatratlM, Their rhythmic "wring 

and wanlnc is fnsiucnlly clli|4llialard. and ill -.Mara ii-. 

ill Life" he write*: "I'mi front Inn ihe ..b- 
■ Hi*.", mill sissts Unit Imt Impress him llw 
inure us llw ■taffy ina-* tin Willi their Hen nnturul luck. 
So mi.-.. miitH.lil> rt-subir arc llwy. ami mi -.ilrli a soulo. 
ii» In raise BuaHibm whether llwy ran bo by limine 
tvL-nliirli produced" 

TIh- rcjtubirlly. the character, anil hidissl Hal ht.v 
existence i.f tluw*. iiiltittT markings uiv, however, i|Uc* 
Ilnlost I. j mhiw ii-tr.titmiit-1-. ; mi t-ttib-nvi.t In llietcf«.ri- 
UOfJ made by Mr. «'. B llousdcii..u member ..f Ihe 
llrllbdl A-Jn.iit.nili-.il Assia-hilh*. t.. solve tin- riddle of 
Mur* from quill- a lion- direction, tO-wU : An analysts 
.it anil deduction* liu*«l lualnl) mi lerrcMrlal irrl-oi- 
ilt.n exiaTlence fri.iu lln- 1 1 llalpll f oolm- chimin** whkii 
have from llmi' !i> time ttt-t-n noticed even ui small tel.- 
-^■-|. - lu tin ..Kill. features ..f l .t MniH i ill-.k it., 
■•llt.lm.T- nf any mliwr itiaikliuis ladnn. in brcln villi.. 

lit wl »» far ui |»t«.«.|r. Mr. HwnHbn ha* art fi.rlh 

hi- i lows hi n lumh onlllled "Hal itlddw of Mors." 
plihlislwd by lainirituilis. 11 rati It Oh, ami fritui ltd* 
book the followliut |«inmra|iha ore olmlnioliil by 



CIMXIH (Tl.l.TtlMi OS MMI*. 

When Marx 1» viewed .-von |lirniu.1i a 
teb-acu-a.. three distinct (Mbtr-t can la. ch-arly 
no lit. ikkti T t U t lirr: 

t«» Turn WlalnlllHaT miiuII I III 
wklM ui Us lauW 

I', i A broaai bflatd of <N*bi.r .tnni|t>liHt 
Ibi- i-nilrc n-iitt-r of uir |ibiiw.|. 

(rl Turn latin- ..r bva o.iiihtIiiI niirmwrr bauds nf 
Itbii-itm-li lylim Mrnrii Ha- wbltr istlnr ru|* ami Hut 
tsMilml ik-Imt baml. 

Haalmligai ..f tkl dnmtai i«itebi-», wlili-h tin' arab- 
nblj |«ilar touts.*, bus mIkiwii Ibnl. n- ibi-y num. Ira- 
ibs-ri'iit-lliu <-«|is an* Istnli'risl l.y a ibirk liblr- blllul 
V.I1I1-I1 f.tllt.ns and lurnara nllh Hi.- IwMlhW MM 
■■d «in thus br t.aly mih-r. 'niai II Is ». Is lata 11111- 
■-nilly L'Miit.sl. This luind, beWrVCT, MJlUb dlsuit- 
lasiiv, the ims itrluliuilly nmiiibsl by It sIuiwIiil' I Hal 
ilnrl. Iiroa-u mid Hint riulhiE nut b» .s-lw-r. Imrtiiii Mill- 
unit. I; u small kvmtl "f *bM» Ismh-nsl li> n vs-rj nar- 
mat Mm. Iianil lu Ihf tvnltT "f llw inn utln-r linta 
lllils i-\|simsl lit vb'»'. 

Tlif sun* thus istlbs-ls f.ir alsail arvili nisi iau- balf 
Martian itaiiilhs. I> nls.nl Ihm »ui-fo immilis In nmrly 

nil ni.-lthu: ..IT ami al d.«-« n.tl dtker lawittll.ly 

Iwmata. ,.r lUs-rinst- durltiii IIm.' ri'muhdinc nrat and a 
bu If ninullts. 

Tl«. Itktt M m nt i tmm m Mnr*. ahlrti do 11..1 
i-bniii* lit any niarkisl nh ul , ura lutvr (aaaMadsJ 
atanlltol |„ b« ihwrta. 

Tb^ rtlciislvc l.lia- «ns n nn-a> nn-. II Is fiirtl«-r m.w 

I*** Mil "siiis." us It was at ma. Midi, siin-.sta.sl 

Hat) »,. r ,.. -riwir nibarliu] l« timtuiilisj fwr by lw.. rival 



Hus.rlrs: The ■.». huhU Unit iln-y nn- wbul vfisrp uiin» 
Mars's issiiii luiMns. and Hull UuF| arc. lu vuu-as|uwiif, 
ill uH a aJUfi arvtis iww cuvrml m-ksj n ywir Willi vi-m-- 
lallt.it; am] Out utlwr. Hut timf tm wliat mi mrlh 

".'uillil tiracllcnlly Is- |»-rnui My rn-wu satllnpa. Tla- 

former rirw la tho iikiM. aci-pHHlHV. 
Tla. blin-urvi-n all <.r«-r Mars Is at 11 minimum 
ndMuMarjr aad uild July i.f Ibe Marlbm ymr. 



(tttrr". vmimt) 

si 




Kit. 



of flea through a "car«-r on Mara. 




Flood* 



Collecting KMorroIrt aaa»-*^ 

MmlnjcM 




Filt. 2.— The irri K alion of a deprvaud area in 




Ml ut 11 ■Mlniltll alsail ml. I April anil nibl-S<.|it"Bi- 
bor. If Ibe itnlnr (-hanevs "tw din- n. lln. fnsniui: 11 nil 
of awamiia. llw rtuiui*.-, la.tbs.,il,l.. In tlu» 
1 uml soulbr-rn hi.|iils|tln ris sli.mld Is: radb^illy 
illfffront. Tbo l.lui- uris'ii nrvus tin. Iben-fnrc, vtlibuul 
masiainble duulit, roiilnly Ui'i.rmaisl iinras covc-n-d with 
vnci'lultun vrlilcb irnxcit mid wunrs. Hut tiuw frwn 
inliilmnm In minimum Is-ltis -nm a lull slmrbT lu Ibv 
wiirnwr |suiur lieinls|ilM iv. hi wlilt-b llw »n..w Is at Ibe 
time iwllhiit. UaM lu llw o|i|«islu- and ut tna tlmi- 
cix.ler one. 

I'ur TuRrtail.tn to wax and n-nn*. -fiTtr In and year 
itut, suisstHslve ivntertna:*, eltlwr tmlural or artiflctal. 
an- litssbsl. Hut ll«. mily water on the -ttinwt Is at 
lln- is.l.-s. Ih-iss.. Hint wnli-r must lw lisl to Ibe siutt* 
I at ■• 1 



Tbe no'ar eti|> In Man's aouibern liemlstilwre niusi. 
al lis uiuilmum, be a vnsi snim-rjetiU na Us ftt«-raa>* 
diiuneter Is then alsmf :i,l>l0 iiill*-s utid the luiixhuuut 
nnal eorered l.y It alsnn lfl,»»wm n-uui-e mllea. 

Tin. ub.tle it.|i Inreu I0.r«<l.(au s<|iiari- mtleal. bine, 
rl'cr. iiritclkally nil mclls ..ft In about UaTM Mnrtlnu 
months, or suy IS.IHai.tNaj s.n.uds. or ut a 



rate i.f - 



to,-i 



0.70 si|tiare mile is-r mssidiI. 



I. "si 



Takltu: llw nteniiK- ib|>tli of nnler am I In We frmn 

lb elilnB nf Hm. stain- tit half a ftsH over Itw cap'a 

inline area, dust lu a ft-font dcplh of atwn- faud a 
srenier ite|ilh. owinit to llw rapidity »llh whlrli It 
mellH, ennui not n-ell be ealeublbsl mil, lint rale i.f llovr 
durilu; tile lime Ibe enp U IneililiK would la- 11 eon- 
tluuoils nrat nf % X •J7.sTs.0TO >;H.7t» • suy. 1 ■ 1.1 Hat l.a MM) 
enbk- f«s.| |a*r aet-und. iar, In lis usual nlairi-vlatluii. 
1 1 1.< *...<> 10 ruaeva. 

Tiw water from llw uwllllu- nip c-anm-t drain Int.. a 
uelclilsirhu; aea aa It Hm ma enrth, hut must flow 
nway over In ml In llw aucaibsl "seas" 1 dt-presstsl 
lire-is) of Mnrs's sttiitberu lM-luU|t!u.ri-. 

Willi 11 de|H!i of ■> feet 11 nil a water atirfunt alnja. of 
1 lii 3.IIUU, Hie -relnrlly lenernlisl mi Murs n.mld be 
O.M f.s-t per awiaid, uml we sliouht lusad a ~ of 



elialillils blivliiu 11 




width of 



-" -•• 



l ilt. 3.—l'l»n illualraling Ihd transport of water 



To provide artlllcbil enrrlnire In open chunnela of low 
d.-l.ttl atsl low veba-lty for "Heh a Inme ilLscliarce as 
lii.irm.nio etiset-s wtmiIiI la- a mutter of ciisldernWe 
dime-ally; the water art free mi the first inclltlnl of Ibe 
smitlwrn js.lnr np must lliervr.ire itmlnlj' fiml a oat- 
mill esraiat tlirousb very tlul eilstlnic uia-nlncs hnrtnit 
.1 tnlal comhlrwd width of ellher nlavut 1,3 n miles and 
a 2 font dei-th tbrwi-th whleb Ibe water flows nllh a 
veloelly of O.M fret |«- r aeenad, or u ivtmblned width 
Bf kM .TXi miles with 11 depib «f f fistl and a rule of 
flow ..f IV, feet iter secuiid. or s-jinelblnj: In llw iwUth 
isirhood of these limits. 

T.t mil ke use of Use wnler an basjiiy enllerted or ml. 
leelliiB II would la- n«s-es»iiry, ns lu the ease nf the 
snllfliem hemisphere, In julrnii it from where It is eol- 
l-tsjthu: in where vemtiuthao La nt the time in full 
irrowlli nil oier Mars. 

now riAwtso wArcK ih t'Tii.tzrn 
The simplest, mid In the lone run perhaps llie must 
eeou.nnlnil. any III which ibis emilil lie erlis_1i-d under 
similar eondlllniis mi our own eartll. would he to itiimp 
the n-titer Ibrmich wntrr-tluht pliasi or coed ul Is from 
Ibe low isiluU at wbleh it Is colb-rllluj up lo servleo 

points n-itbln or, preferal.lv. on ihe mnrirlns of the 
arena to be Irritated, a lienee it could be carried In tho 
renulrtsl directions thrt.uitli witter tlcht pl-ats under a 
static bead, from which pl|»-s and fn.m amnller pipes 
brunehlniE tlwrefrom, and from he ill smaller t'l|w« 
Itrnrwhliic from these brtineh pl|«, the water could be 
dlslril.ttl.sl all over ihe arena ms-dliuj Irrlcnltan. In Ihe 
form of "mruhited uttMal ruin showers,- . 
nus-tiiinlrnl «]irbikler» wt.rk.sl under u itreaanre ] 

The dlstrlbutluu of wnler to a depressed area of 
Mnrs's si. ui hern hemisphere mlsht be s>.mewhi( as 
llluslrnlisl In Fbt. '.•. 

The *Ctu| imlatM rl.tw frmn Mima ta.ulh polar 
enp Is probably n laree nns-imlfr the n-mmcd c.ndl 

: " "»■ 11 "»>.'»« ■ 1 ... - in,,] « mid 1. 1 .- In rce num 

k*T of idfrs. Inlilntt off. however, from n large nnmts-r 
of dlstributbin o-nlera. lo nlk.w of the inJUMt aup. 
ply Ib.Ihk even only llfl.sl rrom rnlifrtliai to service 
idtHiribullunl reaervolrs. 

Tile diameter or each pipe would further he limited 
by the hnrae-power I ' ' 
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o|*d at each pumping; station alone It, and could not 
therefore, be. very great- 

If tlw pipes are burled uuurr»-ro«nil. tbe only evl- 
dt-nre of tbc direction followed by tbc water-emiveylntt 
pipes Irlslux mains) would be the 
muny miles apart, nm loom. 



nt all. 

, so hj« to have M'liu'thllu; ilonulto t<i work 
011, that nu ll "rising main" has a diameter uf 8 feet, 
and that tlw ralv of IW through It la Mr. Lowell's 
aHccrliilinil rule c«f Otw fr<Hn mirth to south In the 
Martian .-aiials, vlr_ 2.1 nillc* |icr hour or ".1 f.*-t l**r 

•w '• lb'' dlscharginc, rapacity nf each pipe would, ns 

tlw area of a li-fnot dluliwter Mr I- 2o.fi -mure feet, 
be 2IMI X.I. I --!*> CUSM-*. A. llw cmillnamis Dow to 
Iw urriinio'l for k in.rmi.urio ruse.-*, wc should need 
l<l,l.*),nr« 

. pipes for Iho 




In each service (d1»- 



Thcae io|s* could be 
Ihc riuaiitlly or water to 
trlhutlonl reservoir. 

Twenty pipes placed parallel to one .mother and sny 
wo feet n|««rr. *o as to allow .rf r.smi for the pumping 
stations tu-.Ml.Ml on each aw, wonl,L If laid lu turfed 
bunk.- ii ml cuttings (so n» to allow of tin-* large idpe* 
Mae irrnile.ll. or If from any other cuiise (such a« tho 
Irrigation for local fissl «ti]ipllr* of tbc latul lying im- 
iiinllnlcly above Ihcm) tlw Hrw of pipes was renibTeit 
visible. If viewed from afar, have vrry much llw 
ii|i|H'iirancr of the streaks to he »crh on Man and des- 
lin,iit«l II* •c.ii.k" liinsnnwlt as It wontd show a 
sfralglil. very lour, very narrow. nml uniformly wide, 
ninlliiuoiis shading. 

Tbrraigh snrh a "cannl" 100 X 20 2.0tm feet wlilc, 
LKl X 'J»^- l.wal cmrrt would lie oontlonrnisly pum|icd. 

With a thiauxiitul plian so arranged, the flow cuaM be 
incrrlwrd to a mutluiioiol otw of nO.IMiO ensrea. ami the 
width of iho "catiiir 



Now. a* such streaks. In some coses over 2.000 mllea 
long and on ihc nvrruge nbmit ten inlHn In width, hara 
been »n|>|icd »a traver^lim In nlrnlcht linos, hnth th» 
ochcr and liluc arccn urea of Mara In all direction*, u 
Ii only a reasonable Inference tliat tliev are due to n 
wimcwlmt Klmlbir caii»c. ami llmt they 
thaw In which wuler Ik Ih-Iiik |.um|«-.l 
of lairallel iillaw from cem'rally low lying to lllzltcr 
ImlntH im I lie tdanet. 

Such aJrcaku d«i not nIhiw until antne cotndilenihle 
lime after tlw rioliir Miim-a eiMnunenee to melt, and arc 
tliereforc idlicr thnn Hie hrnad lll dellncd oncn. which 
liidimie the dlrcctlona fnllowcH by the n«od» from the 
wwth |»Ur can. 

Tbe water ralwt to convenient polnta on Iho north- 
ern taartttiff of thrne southern aena would not only be 
needed for the Irrlcail.in of, any. half tlw area covered 
by tlicm and tho smith l»la«d chain, hot a fair portion 
of It. about one half, would have to he pumped rlcht 
acr~« the lulcrvnijni: dcnert tract for the Irrlitatlon of 
tbe bloerreen arena of the north-Til bctnNplierc. whnap 
tolnl area In Hinnewhnt lew than a moldy of ihoae In 
the anilthorit hmilHtilwre. To altnir of thl>« lallll dime, 
we afionld im-ciI n nomher of "canal*" crowdrur the <vn- 
trul Martian dc»crt. and conneclliut llw cxlcnulrr hhw. 
ereen nreaa of MurVa *iuthiTn and northern hcml- 
*lihnriMi one with another. Thcae "cannl»" wooM hnvr 
an incniiw lenrlh of about ".imo mile- inch. On Ihn 
other hnnd. Ihe lcnnth» of ihc "cannl*" rmwlitx the 
m.rthern hhic-^rceii arena may he put at about 1.200 



The iiveniire length of each of the wniirate aoctlon* 
IhroiiKh which water wnnM hove to he pumped from 
miieriliiK to wrvlci' reaerrotrn would thna. at the moat, 
be V, <1.2no + I.2H0 I 2.r<ao + i »i \.wo ndw 

K|J month* later, nn the mi'lllnu of tbe northern cap, 
water would have to !>e ttlralliirly conveyed arroaa the 
central deaert fri>m north to aonth. The amount no 
available would perhana. *a the ittatliiium aroo covered 
by the northern cap In 7.nm.000 M |unre mllea. be • con- 
T 

tinqona flow of - X 10.000.01)0 - T.'«m.fin0 < 
10 

In on the auppoaltlon that the fall 

0. uld !«• hronirtit Into nae. 
If mil of the in.noo.oon cn»ec« nvnllahle froi 

•"iiillicni riotnr cnn. we nwunic that 7.«««>J«llt 
will )oir|i.-e for Ihc Irrlitatlon of the blue sr*i-n area- In 
ine Mi^iibcrii hemliplierc anil ^noonno cu>mv?« for that 
of <lic m.rtliem blne-preeii aren«_ Ihe amount nvnllal.l- 
fiv.m mirth to winih will r.. Torm. 
l.nrn.um cir.cc«, „r i.imn.nrfl caw. 
•">"■ Ihnn from south lo north: but iinMhcr 1.nmi,m«i 
co^ca would sttll 1h> iHaxl.il r..r the Irrlsnlton of tlw 

1. ^itlwrn neaa. 

If the Inlcrvi'iiltiir dexcrt wna a level plain or only 
iiml.ilHlnl aHehlly. the pumpln* »t«t|ona needed alon« 
Ibc "catal," wonld be much the in 



and of much tbc aan 
|iam|>od frojn aunth to north, or north to aouth, tbnmKh 
a alnclo ••canal.•' by almply reveralng the dlrnctlon of 
flow: oven If It wax uecixwary to pick up <u rokta a 
Binall. bhie-crecu area (ati "oaila") altuated lu tbc lu- 
trrvciiiuc dixa-rt tnuxL A alnirlc line of tripis i"cjuiab»"> 
1 tlw hlBhcr end of the "ouala,- 
frooi which tbc water required for lt« lrrlEtilloii couhl 
be dUtrlbutcd by BrnvllBUon, would auSlcc, and tbu 
How would be BuiDcw-hat ua illuntrntcd In FUf. 3, "nutclc 
ciimilri." 

A doiihlc net of pi pea would, b.ovcrer, be needed. If 
the ground over which water bus to be pumiuxl la far 
from level. Appreciable lntcrvcolnit hirliiht. wmild 
have to bo aiirmounted. and n Hue of pliwn with n dlf- 
feri-nt set of pumping* nlntlou* — ]i.".werful «.i-cn ..n th* 
up crad.xi ami auuilier iann on Ihe dowii iimiU--— pro- 
vld.xl for the amiUi to north How and the north to 
Mouth one, the dJrwtlorua of flow bring mwnrwhut aa 
ali.jwu In tlw "double canaU" lllustrutiit In the uliovc 
rcfcrrnl tx. fit;. 3, the -<-alull" curryl!* the lowtll to 
*"irtb flow belli* probably tlw wider one of the •iloiible." 

In Mr. Lowell'a and ovlwr mapn of Mart* arc ahowu 
many "canaU," both aliiiste ami donhU\ either directly 
coiun*ct In-e tlw exteiudva bliic-irrccn area-, lu the two 
polar lu>inbrpn<*rpa together, or more frequently plcilnit 
up on the way a Hmall blue-iirmi ami ; and. Htrntajrc 
to »n. In many lnauincca ii "il-iublc ninaU" with one 
•caual" wider I bun Ihc other, U n-i.il for the Utlcr pur- 
pone with, in Mimn cn*«>rs Iheaniall I'bn-ur.i'ii ar.ii hltti- 
otcd eiac-lly between Ibc twin ""caiinln." Two different 
kllalx of blue-itreen arcaa are. accordiiiir to Mr. I^iwcll'a 
maps, no |»lckiil u|>- araiill ibirk. rouii-il afiota ithe 
of Marat nod lame aqiiiirc arena of n lliihter 
in nt. 3. 
rrnneemeut of pl|H.n ("canat.") It 
would appear that Mura'a deacrt ".amca" arc attuatoft 
In valU-ya, and prolmbly nuirk the -.Ilea of dwa-rt water 
Mupiillm. a* well na the alien of jtr.-HCiit ■.-elilcn of |iH*a- 
latlon: In other wonbs rltlra and towns mid tlwir imr- 
rouudlnjpi, to nlilcli tlw i>raducc of the rriip-i ralacil In 
tire exlcrwivc WucirrecD iirnaa nf Man. la conveyed hy 
amnc mctmal of traimport riiii.ilht.' alonii the -«wiiala~ 
which acrve Ihem, ami that llw nnure, llisliler colored 
iireMH ann Inly- aituateil nt "double caual" cmauiiiol are 
ri'latlvely small laitchm of culltvatloii rsltiiatod on an 



The »liota CMaaca") In llw extetmlve bluv-i(|-<icli nrcaa, 
on tlw other hand, prulmbly mark |hi4uIb at 
water la collected, and tlina differ to 
cluinteter from tlw ilark "onacA." 

The rlac from tbu center of an eitciiHlvc di-]>rin«-d 
bln.- sr.i?ri area lo the rulidl central desert 1« probably 
i>ci.x.luit«l throuutfa a valley Icudlnc Iherefriim, aa 
shown lu the sketch above (Fur. l). such marklnica on 
Mara arc dratennted by Mr. Ixiwell aa Its "carcta." 

A poMlt.le aohitlon of the flow of wuler from Murs'a 
polar ca|m b< tliua arrived at In It* llrst rnah from 
tbe incltliut ca|K the water la carried forward l.y ttravl- 
bllkon and comm to re>< nt low lyliiK |».|iiIk on tbe 
plam-t, to t w llw, i puinpf] up lo hli:li-lev.-l wrvlcc 
rewrvolr. throuith llw Martian •caimU" which Ilia* 
corrtvsjHMid to what on earth uro known om "rtalus 
mnlua." 

from Uioo aervlcX' rc»criolr» the wnl.r la mainly 
illHirlbuled to tbc lauds to be Irrlxalixl >>y Knivltutlon 
Ibr.-ueli id[«-s under static pro-wore, but nuiy In) ulx.. 



watkk raou mui cack i-ssi-mi'iicaT. 

Tbe extcnalvc blilc-j-Tecn arena off Mara cover aluut 
'21.tdat.faai xiuarr. ailUi of Ita ftorface. Tlio m^iIIi i»>lar 
cap when nt Ira mnxliuuio coven ati.ut !H,.V»l,ia»J 
aipun- oilli».; llieieforc half a foot of water on llw 
latter ureu would nBn to cover only the bliw sr« n 
iinna lo a dctith of S uichn. 

The north polar enp lua a niaxlmuni arm of TjiitiOjtiuO 
Hpurc ailles ami the water available from It cnaM 
only cover all Murs's blue-creco ureas tn a depth nf 
7 

— X .1 — 2 hichca, suppnaln-r nlwnya thai It can be fully 
10 

ntlllw). 

Isuch llcht coverlnca would he qntte Inadequate for 
tlw maintenance of veirotatlon, and ti further supply for 
tbe hn I r yearly Irrliratloll of Man's Mocjrreen areim l» 
clearly muliil On tlw 
erlim In tlx Martian lumiths In ihe l.nst which will. 
umb-T llw iiwunicl comlllloiix, Hi»ln.-c for flic innliile 
liaiiil- of V.--. I n I I.- life oil Man. Ihe dcllclincli-l to tl> 
iiu.de n.s-il -..'milil tw tliii-< C lm-ltiw inu) 7 liwlw*, rinrsv- 
lively. 

The assnmiil nilc of How fp.m IIh- ro.iilh |h.)nr cup 
bin rail, lakcn ai ni,urm.i»»} cn»,i*,: t|,i, l, snllH.-nt to 
ever all Mnra'a blue-nreen ann* to a dnjith of .1 Incbea 
In ilirn- Martian m.-nrli.x, ami wrnild cover thnn to a 
depth of u Incbea lu alx Martian nioiitba. The qaaa 
tlty of wnter needed for a 9-Inch corerlna In six monthi 



be u conUnauua flow c 
smith j-otar cap la ni< nwltlni:. and tlwrcfore O.onn.tmo 
cii-ai-a when le la melting. 

ArtMitittlii-c th^i that a coiitluuoiai tU.w of «r».tsi*i.*HJ0 
cuaccM will KUlbce for the fall Irrluillloli of all MursV 
blilc-Kn-*-u uriiiA. we may pnsvc.1 to try lu ii**vltalD 
tlw |a.wer whU b would la- innli-d lo i tr.i t lllis |.«n«iw 

when the wnter is iw.niiie.1 tiir.-uah pl|«n or . 
tl f.xt lu diameter at a rale of !»i i 



Aa wc Iwvc arvit. the nveragi. lenelh of iwh "canal" 
from colk-ctliyt reservoir to nervier rtwrv.ar would he 
prulmblv, at most, nliuut 1.4iW mllet., and we shimld 
tberefore r.i|iiire ten pnmplnic slulliiua of l.l. r ili Nll.l'. 
no each il.fo.it illumctcr |.I]m>. Tlw power riiiuirtil for 
inch pli«- would ho thn> l.l.Mi X lo — ll.ir«i N ll.l'.-, 
mid as to ihxil with a cmilli»u..u» flow of IW«m,i«i 
cusecs tbc Iota) iiumbcr of laiaw muled would l»- 
lTu.lHlo, tlw total |«.-aer miulml to work tlw enllre 
ayatem would be lTu,Ma) X 1 1£**> — «ay iuoii.uuo.i'Uii 
N.11,1*. tsomethliitf would have bi Is- added for tbe 
• cuuals" uciiled to help n i-ortlon of the wnlvr >« free 
frum both the melllnc polar cu|» from their vU-luity, 
and we may liwreforc \mt the mid IimtuI of the power 
which would have to be developed at i.-«aW«iil.u<iitN.II.I>. 
ThU Is only about four thousand tliuea aa much a* that 
under develojuneiit at tbu Ntuxnra Kails alone, wlileb Is 
tirai.tMMI herac laiwcr, ami miwh tmder that in ilaily use 
on our own wirth. and therefor* doc tiey.nid devet 
optm'tit. 

In western Australia 5.O0O.O00 Itallons of water are 
lully piini|vij at a rule of 10 uuscc* throuch a rto-lncii 
Nleel plp>> mid over ft rise of 1,^mi f.-ct from a rixa-rvolr 
at Perth to tlw rallllllK ceiib-r of t'.>.ll,-iirille. .'tolvy 
mibi distant therefrom. I'oolanrilie Is situated on a 
tableland which Is one of the driest places .hi Mirth, 
Ihe utavlmiiiii teuiperninmi reconlrd lu Its iwlcbbor. 
h..>l Is'liui |:« deit. Kahr In the ahiHle and l,*i7 d«. 
Kiilir. In tbe sun. Tlw distance from Ibe storniie reser- 
voir at i'crth to tbe service reservoir at llw top of tbe 
lutiTveiiine rbae of 1.HIU feet. fHKn wlwre the water 
»'r»vlta[c« utHlcr «tatr>; preHsiirc 4.'t>4 nillea to t_>«it- 
timlle. is :|0S Billra. ami Uwrc are elttht inimiJr.it sta- 
tions In this illstiuwe. their avenitre distan.i: apart licinK 
llins .-CS'.-j uill.-a. 'nic avcraec horsi-|«.wer liki-ty to be 
iiiiil.il at ea.tr pumping station works mil to xm 
N.I1P. 

Wllb eleht pumptnE meliuw of this isrwcr, ."..IB ai.iisai 
millions of water could mi Mars l«e dally fonail up a 
hcuiht of lil«» feet thmuKh u slmllnr :tiyiiwh pit- line 
bavlint a lotiil letiirlh of ab.au timi miles, or iii.hu ilian 
twice thi- iltsiance friam IVrth lo the scrvim reservoir. 

I'ulesa wnter la obtainable from Ibe interior of Mara, 
lis polar caps and shallow' xwatnna <<he latter are to 
be found I here I would alike soon cease to exist, ami 
the planet roll tbrimch space a dead and dried up 
world, which at present Is oitnlnly not the case. 

Kvaporatb.n from the water x. ulaaliitxi mat used In 
the IrrlantiiHi of all the blue-crccu anxis would supply 
the water vu|wr known to be present mi tlw MarthiD 
lilr. a porllou of whU'li vaisir, when cnrriiil by the Mar- 
tian winds to the planet's polar rctrtous. Is tlwrv di^ 
IHwii.il. owliK lo tbe Intel** cold therv tiwl with, 
mainly In the form of lee spicules, to later on nicU and 
Is- airaln usvsl for IrrlKatioii. 

A cmisUleral.le isvrtloti of the wuler used for tho full 
irrhaillou of tbe l.liw tirti-n uretm would filter lawk to 
the aiidcrieround suiifilics friun wlwrc It was .arUiiued 
mid n'plcnlsh tlwin: tbero would thus la' i 
iiiinilal drain mi these supplies, 

v'<.r natural v,io.|nble kmwIIi . 
iiissuiuiiiic such n fall!, a much lamer sumily of wnlcr 
than a Ulncb cov.-rimr lu si\ Martian month* would 
nm only ho ncnhxl. but a lartro isirllmi of ttw ruin fall 
tlic mi the surface of Mars would be wasted by fnllllkir 
at the wrv.iiit time and nlso hy falling on deserts where 1 
It wouhl lw of mi use. The least amount which would 
would he a 21 Such fall in six Martian 



Melting; Points of Refractory Oxides 

'I'lia nu-ltirM; isrlnts of sialic rcfmclory o.vl.le* have 
lux*, ib-teriulmil by Ihc Itureiiu of Slnii.tnr.ls lu a 



lurv* w en- i 



uml by uu o|al<T»l pyrmiMcr and lwnl- 
li.i; ciirv.s were plottcil. The Itfodiu-tloii of Mu.sVe 
fr.Kii siHine oxides was found lu Is* a smin-e of error, 
us the sitniVe Inlcrferiss with flu' n«- of tbe pyrianotcr. 
'Itiese Vllliull.lc cv|s-rlmenls lire iles.'rlhixl hy llw In- 
v.«lli::.l..r. Mr. I'. W. K.m.Jt, In Vol. 111. N.x. 2 ,i tbe 
HiiWrfla of tlw rtltreatl. 



The Boildinc Kund of the Royal ticoj-niphlcal 5!o- 
dety has mvlvisl n . x.iitrltiuUmi of 13.000 from tbc 
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Result of First Contest for Safety in Aeroplanes, in France 

Remarkable Performance of the Slurry Gyroscopic Stabilizer 



A VKAR afti we announced an International coiu|*'ll- 
Hon fur the devolopuwul of :» wife aeroplane- Over 
flioiMi in prlir money uhi i» l»c awarded, ihero U-lns 
» Hniud ITU of $mmnni for Ibe *afeat aeroplane or 
Vto upHlrable In mi aeroplane to umke It aufe. Ureal 
latitude wart iclvi-ii Inventor* iiimI im» *lrtrt rules meanl 
the judging of the machine* iiimI th*vlcr* were 
drawn up. r»iii>*t|iH'tilly It wun i very d illicit It matter 
for Ihr juditea bs th-rhb* what conMiliutrd the sTctitettt 
act rami* lu Ibe line of «*fct>. The) derided mil to 
award the tiriiiMl I'rlx. but to hold It fur n aectajid com- 
petition. There Wen- llfty-nlx cutrle* accepted ami 
twenty Mate cowia'tltor* upj*-an*d. Hut two prizi-a were. 
awarded, althoiurh aeveti cuiilc*!*!!!* were given -uiu> 
rniwlng from £i.»«» tkwu to fjiu to encourage Ibent. 
Tin* total *uui dbdrlbiitcd wux f_tt,3«t. an fulluw*: 

flO.UC" (o tbe Sja-rry g> roacnplc stabiliser. 
II.UUU lu Hi- l*au1 Schunltt hi plane with variable lu 

eidelKV plant-. 

::,imi to tin- t'audruii biplane. 

'J.UUU tu tit*- I h Hiiro Mtiiblllner, it prraiiurc plate tie- 
rice. 

SjM to (be A v Into carhurctar. 
IjtHH to Kit* Ktcve atllhtliscr. 

1.UUU tu Ibe Moreau urruplaiic (automatic M ability 
bjr pniduliiiB neull. 

-**•* tu the Hotter! MitMy |«ini<iiulc. 

SJO to tlir rtilil|«|ie iiimI IVrrou wtnrtcr. 
The N|*-rry Mtubllliccr w»h fully dorrltied lu tbe 
Si iKNUnr AMKHJt *s "I Junt* 7th. I'M:: and AiujilNt Nth. 
HIM The let* mud.- la-fore the Judge* mi a t'urtltw 
uenqdaue by IjM w reiicv Mpfffy and Ma iiwehank' dennm- 
M nihil that the machine wan alwti)* twhl ou n level krel, 
i-veii when Ibe mechanic witlketl well out toward the 
cud* of the plane* at a thue when tbe pi tut wan mUiimI- 
Inir, ami bohlhir. bit liamlH above hU li«wd. The device 
maintain* both the liMiicitUitliuil titwl InlhmfW ataUllty 
ami If (In* MffVflltUBl driiw heh>w a eeiialii Kiatt] II 
vot|i|;iiM'N auf«>iniille»lly. .Miiiiual control vxm KU|i]»ln»l 
aulociiatk* at any moment tbe pilot wWw* Kour .Miiall 
tOTtrHi^at* (twti imirHi are imotl to CQBtfol fUrTM pesn- 
latliij; (he o|a*ratlou of tbe allrrotm and elevutur. which 
In itroiiM|tll»hctl |,v uhiiuk of coniprcwd nir. Tbe 
whole a|i|«trnluM v*e)sh« Imt i*V \ \wntvA*. There were 
a iiuiuImt of dilleulticM In n|*|>1> hut: the jiyri»*e«i(ie In the 
ttero|ihine fiar thh< |turt*«i^e. 1*bt*w were atitx^wHfHlly 
•■IVVUWe hy Nr. KIiimt A. S|«erry. Ibe inventor, wbu 
Ih the lirM )•> *** i'I-Hj the xypoNro|«> tluit M iiuiIIit In 
whlrh ilirtHtl.n an aen^itiiiM tfdl to tip. It will he 
kept from thfiliu; by pn'jvr luniantauetniH mrllllqt of 
(h»- eottlrolM. 

A full de*frl|4loN of live Paul Schtultt M|iUne wun 
puhll^lieil In Ibe MrtuiTiriti Ahkricau of July 1Mb. 
Tbe Yitrlatile Inchleiicc of tbe plnnett of I li In marlilnc In 
fllttht make II lNHMiihle h« eurry hit haaal ami to pre 
vent Mhilllntt. km the machine Im e«mlri*lh<il hy rbiiii£lnt: 
tlir antic of tin* winiCH rtillwr Ihiiu hy mctiitx of the 
retnilnr contml »urfuen<v Tbbt blpbine Itan tuadc w*me 
c\rntori1liutr> ifaayd itnd height reeorm* etirrylnc five 
or **\\ iwi-ot-nKor*-. II hro*,e twenty wcvin ntirkT* rce> 
nrdH In one tta.t iiimI ittadi- cleieii liew on**. It Ih tlblv 
to Mart ami alkbt In a -pno* of tun* feel. 

It 1» pri-lmhle that littil tlierc unt been so much red 
l*|»e lu itecoptlujc ciitrh-**. A. iAHt StcreiM wiruhl hii%«- 
wo*i a rtubnlaiillal prise wltll IiIh anMy puck — » \mrn- 
cbuie device Hint bt ntirn like a kuniauirV Mr. IIUlWII 
who Im h numtier of (he Aero 1'ltib of Kmmv, cabled 
hl« cnlrj utal enlramv f«i», hut the cnlry wna thmwn 
mil tin the |Nri a le\t that Ibe nmitey whh not n-eelveil III 
llmr. Thla arllon of ibe Tnton biift tleprivetl the 
KretH'h iMvenimeiit of a valuable nppiir.iim* for ^itltii* 
the Hten i|f Km avuilora. Itcd tup* lu our War l>»*|mrt- 

ment U HlmlUrly affcctlni; m aviator*, nltl 0 He- 

S|**rry Mabllizer U beltiif fitted to rteverul uavnl iieru 
pUuen. 

In the Aufwd batae nf Mtimft we find tbe follow- 
Ii»k IntcnHliui Mory tif Hm French trliil*; 

The Sperry ryrn^nijw. lu Its aptillattiiHi |a the fl>lue 
maehlne. In another exampb* of the remarkable apetnt 
of the development uf ■.. .n.e nKNtem epochal luvenlhitx 
Two vcur* atro, Mr Kt titer A. Sperrv fitted a OlrtlM 
aer*>plaiH' with hU tlt'vliv. and f ipf flaatlllil In HlitMlht- 
iit£ wen- then timlcriakeu. i 'n refill lexliui: i*i»ii1iiiue»! 
all winter it Sun I»b'im. umler the e>e of lilrmi II. 
4'urilw awl the otfltvrx of tbe Avintion font* of the 
1'tilled Htatna Army. Many Improvement* were made, 
ami Hie pr»u:re»»N »im M*«dUy continued for tunny 
til-Millie at Hiimmt*iulM|Nirt. 

Vvil detnlla have now been received of tbe alenal 
triumph of tlila wonderful product of Amertean luce 
Mir. In I'ranee. wliere. tit a *nf«'tr content the nnanl 
of fpMHHi offered by Hie Freneli War I M-partiiMiil MM 
won h> the «i-fi.plniw nitrtl with tlw< M|H>rry Mtatilllter. 
Tbe evinleni, evIeiHlliik* oier two (mint wan held M the 
S lnc between Uejwua aud Arvvullue. Uiwreace U 



H|a-rry, mhi of the Inventor, piloted tbe wlnuhtf ma- 
chine. attMlMeil b> a uiechiildritiu. The etmlml of ibe 
machine win* la^-fcrt, younc i*|a-rr> Hiuiidbut up durtiu; 
the lllicht with hit arnia ftdtletl. while Hie UMvlianK'Mii 
cIIuiIhiI In Ibe end of the lower plane und Imck. 

M. lleiM- gulnliNH, Ibe preaidefit of the National 
Aerial la-attic of KraiKV, who MlateM tluit Hw luveulbm 
I* Mine balled by DOfOlMMI e\|*-rt>. tfl tute uf Hmi uwatt 
lni|>irlaut iMiulrilMilloib* ever made tu tbe acleiuv nf 
uviulliNU, Klrra a txniphlc itenmiit uf a fllirht whU-h be 
took with yiauiK Sia-ny. lie 9aiy«: "lointfuc tbe tCfO- 
plaiH* In Hl£ht. At a ^1 veil iniiuii-ut the iMiaacugcT rUea, 
Icivea lib* aeat. and climbing mit onto a why; calmly 
walka here ami there. a» the fancy hikvN him Al the 
aaiue time, tbe |Hjlol rlnea itud bolila hU Iwu aruia above 
bU hiinl. In order lu prove that Imt Ik duI toucbhu; any 
of rhe iiat'lutnUui. The acrofiuiue. iilHtialoncil and up- 
pa rent 1) thrown out of eo|iilllUrluni, keeps* on ll> eviti 
way at a ni*t*d of 7*t mllew an hour. We w-cre In the 
very teetb uf the heavy wind. hut. Mrauux* to any, It 
bail liuelTecl u|k>u the wurkUiz uf the ap|Htrattis There 
wiim uo mllliic, imi pltcliiuiL Dims uilicbl bnve Ibutiicht 
oiic^H-ir lu an ordlintry mnrhtm? In iilNtulutely culm 
weather. At a bHtSltt t*f l.Vl mcicr*, Mr. Sjaro' nuiile 
tWO demoted ratloUH uf aiihanulk* vulplaulUK. It la well 
known ||a( in order to execute a vidplane, the aviator 
lajuat allow hit* aeroplane lo dive nbruptly ?•»• aa to re- 
Siiln tbe H|wrd tbal tbe ato|«]duK of tbe motor baa 
caiiHcd blm lu bate. Would the Sja-rry u]Njairaliut la* 
.ihle to !tii'oiupll>]| IIiIm illltlcutt iiuiu-uvcr withmit Ibe 
alt! of niauV In onhr to prove lo me that It would, 
Mr. Slurry atup|a.a] bla utulor, tlk'li ralaed hU Ihalida 
DM more lo tdiuw thai be watt nut Imichhu; Ibe lever*. 
Xolhlnc bniiK'ncti for live or fix i«*votid*t : the umMiinc 
a|i|N>nnt1 tu have >topjH*d. Tbcti. amUleiily it ]tluiu;ed 
lM*ad down, like a tbilplilu, in ti dive (but wu* na trace 
ful lu* It Ml Itnpri-MH) vc. We r«w«e atulii, and Mr. 
S|aTry hmi a new cxpctStOM for me— a slide wltb IM 
wtiiir tw» Mbiirpl) iiM-llnetl Ibul It mi'Uiitl |iH*reilitile Hull 
the m <(■>! rni us could tte norkluii. We katlMi ever 
Inward the horizon ill at ausle of Vi deirrce^ Tbe pilot 
did not touch the control*. The machine sovcruetl it 
self, ami even lu HiIh ahlMirmul itoxltliHi, while lltcntlly 
lMifTiH.il by the Wind, It mivtitalcd lu ■ I WMlH Hi.fety 
Tlte S| terry a|i|tiinilun coiiHbda of fotir Utile tfyrtj«cn|a.*a 
thai never fall to brine tmck tbe uiucbliK* tu a IHlflaTiH 
tal plain-. Tbe entire oiiltll veishs atamt fortv |nninda. 
Tlir IcMta I have di-wrrllatl Imlbvite remurkabh* prtnrn-sa 
tnwurd ihr tadutbut t»f «mm* of the nicact wonderful pntU 
leuia of tbe n«e. Hint of wife hntuaii tllsht. The) |tri*ve 
Ihnl we now have the iimiiiih of eiuitdlus the acioplaiic 
lo itattnd IW If. wbether II U rl-.injt- H>ln£ Ktralieht 
ahead, tlraeemllux HT laittlluc wllb tbe wind, and that 
thU marvehiu* mnetilne. hltlM-rlo rent tie ted to Hut few, 
la >toiai lo Ih» itunle aval table to tlw whole human race; 
tbe |Ni-r In mmd of the rup|i1e*«l uUtOuBUMM ttiul altao* 
lulel> an ajjaf nitd at oaft* Ut OfMfihnV 1 



Tin* S|» rr> innchloe Im ><mall ami ouu|*ai-t. II ho lie* 
liluh h> II ItH'lwt with'. iiimI it oiii ttpHbtl lo any 
aeroplane witlMiut chause lu tle^leiL In Ihr ap|n*mba| 
illibdratlon the taantpbde a|»tutntlut la allow n. n <<n !>■■: 
on Ibe how of it llylntr-Uutt, the MfTMj IiimhI bavins Ih-cii 
ninovt'tl for the lairpoHc of taklns Hm- pUiure Tin- 
S> m-a-ii]»lf eleiiM-td i« |dnlnl> *0iown umler Hie lik'bt 
Mentl-iirctibir Imw which iidualea the ItMiitHiMllmil apftA> 
motor, tlw lateral arrvo motor larillC r«eeii juat la*ltliid 
Htai lop of tbe bovr. The attcmonurter which actuitlcA 

Hie UUtoltUltlc Vol pi HUD itfccluiiilvlu l> aecll oil I tie Up|«T 
h-ft. 

V»r Hh> addlHoiutl irtildaiHV nf the ufcutTWCfH ItftMd- 
KtlK Ibe Krevieh rttmiwait njllni, it tjavlul pntLTtimme w»« 
_iv. ii out. whh-ti it inoxt Kiiuirctitve art Indiciilliti* the 
HMartMiisliiM'>a of Hie teata pre|HinaL TIm* procramiw* 
wta forth I 

In ili ui.MiHl ruling the S|> rr.t t'u'H»* xtahllltccr tlw 
pilot will etirry out thla prouruntme at far aw ptfNrflMl 

<A) An explanatioii of ihe frtHlallMl u*a-d uimI the 
bjHImh] of u|afiiliiifli of Hie a|i|tanttiiH. 

Vuu lire ttakrd lo ea|«<elally olaterve tbe folbtwtns: 

1. TIm- Hcnajilaiic hmi) l> tbe well known <'.irt|«» 
ll>lus iMuit with tin- etailrolM nn-ausetl oti Ihe u-itai Cur- 
11mm ,-i-ieiu tijieruletl *adely hy bauilt ami MlMivibb'tx. 
The feet art* not u-*d lu iiuy way In eontrolitns the 
tituchliw. Tlw aenitbiiie Im* Hie norninl Crnlbat rein- 
Hon Uiweeii the sravtlt. thta>1>. iiIm) Ihh-> aiicy celilelX 
and mix imi IiiIm-iviiI ataldtlty. 

■J. TIm- aervo-imdor* of nc mil •diihtllxrr are 

dlreclly IMMMCttd with Hm< wnue cailrolt thai tlir 
a\iah>r wtnthl ordinarily njwnttt by hand. 

:i. A tdiuplc ftait tnvtdle emi luMautly throw Ituth 
tbe la I era I and tin- liHisHiMtlnal eiailmlx lido or out uf 
ixpcriitkiMi al will. Wlwn the auloninlic emdn>l It 
Ml town Into o|« nilloii. || tmne^ llieenulrola when there 
U any telalhe ucomiwnl lN*tweeii Hie > r,-\. m- ■ and the 
H> Hag »|4f Kit' line. Tint will In* detiioii>tt,ile>l hy 
ttiovitie Ihe SNn**>iopic lia-M'llnc. Ibe S)ivt*. I»*lns Mh4i|a^| 
In Hilt mac. When Hm> maebliie I* In lltsht. Ibe n-la 
tloii nf the BNM hokl> the xfrmttilv* In whldi Hn-y nrr 
titouutcd truly boilvimtal rcuardb"4t uf all MHaaaatl 
of tlM- machliM*. 

4. When Ihe a it h mm tic alatdllxer la in operation. Hie 
ouiltttla are held wltb i -erf eel rb.idlt). iiimI Hie pilot 
ntlilMil iHe Hm'Io eren If be v»i -In >. 

■V Win*!! the niilotiiiiilc -r thlllxer Im In ofMM^vtloti. the 
pilot umcm Ihr aauill lever tu the b<ft fi*r ctmt rolling Hm> 
aer<i>Une loiisttutlltially. and tin- amaH |- iidm.t lever 
i*tl the *4ecr I US w lie«>| for >■ ii f ■Miiu Ihr aeTiiilaiie tat- 
i-rally. He I- entirely relieved of (he faaafc of >tiiMII/li.s 
the ner>ipliine. ttml Mum tbem* lever* onlv for dlrocHn** 
lit tllsht. 

<|t| Ih-uixltMratlmi of Ibe aetl .f Ihe automatic 

Dtahlllxcr when an ii|m-HIiui force U n|>pllet| lu tllebl. 

% Tlw pn^cfis-r iimkbis Hilt lllstti weishe uInmii 
riKMl klh«ruuiine* 




Ike £>ucrry gjro ttaiiilUcr mutinied in Ihe baw uf a 11) mc boat. 



Digitized by Gc 



AufilM l.'i. 101 4 



SCIENTIFIC AMERICAN SUPPLEMENT Na 2015 



KM) 



7. Tin' machine, will rbu* from the water In Uic uxiul 
manner, nnd ti> nndi r jiutonuti.c cimtroL 

N- Auloaniltr lull- nil mntnol will I . r-t hf» dimmi- 
•drated, a* follow*: Tin- |m««'iigcl Will leave hi" wilt 
and climb -in oti the wing Up HW rfle f»r a tflatJiit-re of 
between. OMI und niw half uml two mrler* front the cen- 
ter of gnivhjr of the plane. While iius I* lielw* domt 
tin* mm him- will lie- under automatic control. 

IHmmih nun : 

imi Tilt* U|<NftllnK couple applied l\v |hi> |*aH<*M*xcr Ik 
MWNI OM hundred and Iwtiily aiMl one hundred and 
lift) meter klli-trnimiueA 

tbi Tlir plloc l» showing lhal llw machine In under 
itulutnatlc control by iimvliit: Mil of hi* rnitlrollliig Mil 
ami holding IiIm IluuIm ahoic hl» Iii-imI. 

h i The arropUue I* held |-»'iferH)' level by Hie op 
criillou of the automatic mnlrol, 

|«/l AM file | •: i - - • N . i ' r " ttlMVfN lllll H1I tl |ll*IH*. Mm' 

angle ai which Ihe aileron* nice, with Hi«- nlr irradiwlly 
lwntiM**i Ut .itifMiiuiih-rilh nmi'ciiHiile for the «i|Hift I Inir 
n.ii|i!.- Am MM pMMMH return* hMFMw lite center, 
lli*> nil<TiniK gradually return to iliHr normal |*uslll<ai. 
m\ iH-ni'tu-Mniil-'ii of automatic longitudinal emit rnl. 

Thr |Hlr<tU1ltSrr Will Iniw III* mill, rllUlli U|l iHl tike loWcr 

plane. uimI go backward, approm-hlng the pi.i|»lli-r a* 

ChlMcly II* |MVO>Hl|l>. 

Tin- M|M>IMiitf couple npidlcd lii tlil-t raw I* about 
clghly mHcr klltHrntnnar-*. 

The HjiltH' |m|llN should U' nlMtcrTcd llfl glVl'll juAlT 



No. K L c. that 11m- luuctiJnc In cull rely under uuli> 
uuitlc cootrid, tlmt Hi* longitudinal lncllnalluii of the 
aeroplane dm** not change, and that tlie rudder In now 

■ i<ll.|« iimilll C fur 111* llpoettlllg Oottpl* 

h i iMiwiUMiratUin lo uhaervera who will mnk« 
llticlilH na ihi ■^•Hirers In Ihv UiiuoitttriilluK nittublne. 

The [uHM'itjnT Ih ii«krd miNM.'Ully to olMerr«f the ful- 
limini; polnta : 

la After tcslnlnx fl|wrd mi Inn w»ti*r, llw atitomntlr 
Htalilllxi-r will thrown In, »nd ln# H«ru|>ltira> will Htm 
rrma tin.' water urak<r i*mii|»U-ttr automalk cuiitroL In 
Hainge friwn Ibe wuler, and lu cimi rulllnj: IIm* iiiiuK* or 
rlhnli nf IIm* nrnifiuin*, the (illi.it uwn tin- vniall a-vt-r lo 
llw left. 

II. Tho arri.|4nn*' tltrw Miimiiltly wild alnaiM dim- 

i' rl< lllwM-mn *lf Ml. H iMhnl "lui mi*," 

M Tla* i •IIM It reileviil DPMI all mirk nf HtnMllnliic 
ll.i- miMiiltii*, ..nil bn<< mily 1<» dln«i IIn rtlfliL which 
tank U>eiiDa*M Hitii|xler and ranter Ihiiu .«tei'rlnie u mi)4«ir 
ear. The |dk»l will frmn lime to tliar |»lne<* hU luuidn 
on IIm* Mlti*rim; wImm-I fur the iiutimimt «>f lieritlni; the 
in ii m ii ii' mi a Htralekt r> hm' <»f tllfilit. Wln-n ihr> |ilhit 
t*iarlM*ti the nlifrlnK wheel nhllr Itn- nntiicnatlr *4aliU- 
Isrr h* 1n mn'rutUiu, lu* cannot In miy uny ifodnt iIm> 
•t|i|aialiiH In MalilllvJnu' lln> machine, herutiw tin* Mr 
tndn *re rluldly held Ii) Dm* w>no-itn4oni. 

IX The K>roMC<itilc btiw^lliir. 1. r_ ibe utriM'tnre In 
wlik'b the tfyriMNNHNui nre bi-ld. rmiMlAntly BiiilntJilnH Ibe 
haadnutall (ilnibe. Tbr tcrjidiiatitl clwlen nil IbU devtw 



ai.^t aa ud accurate dhioiucler, ct>uiitautl>' Indknitliic Ibe 
liwlluullen of the luaciduc laterally and liNijcltudliittll}. 

14. Ttw Kyruara|4e laiar line la aiunlui; the eiMilrala 
to ullermix mid rutldeni to make very mmill aiiiveaiinia. 
Tlii-w nmvi'iiMffilM are limlttnlly emmleniriluii each dla- 
inrhlne ffT^ t MntillAraitrtialy with It* occurrence. 

lu\ |1y oiM>rutluic (be foot treudk* Ihv |4kn ran Id* 
Ktanlly throw onl the iiutmnallc coulrul and u-e-aiiw 
bnml matniL Nule tbr iliffmiiee In reinird to hbbuoIIi* 
newi af tllirht when the aiiiecnutlr oiiitroi u thruwn mil. 

li. When the pilot throttle*! hU enclne, and lu that 
way ti|*]»riKirtH*M (ihi rloaely (he crlllnil »^»et'd iMivwar) 
In tinier b> MuXalo Ibe aer<i|daiie, tlte autouuitic air 
vekN'lly ik'Vlce 4>|(rraleH to volplaiir Ibe marblm* lo an 
anirle nf at-oat twenty ik-ereea. 

17. When the uutmuatlc nlr r«-|nrlty devrre ban vol- 
libinnl tbe luactiluc, Ibe iillot mnuot retcaln aiiimnatk' 
loaxllmlliitil rmitni) until llw v«d|ilaiM ( Ihik hronicht tbe 
h|h<*h| of the niarblne Imek to normal. 

IN When tbe nero|ihtiH> tiirtta, automatk* eouirol 
rmitiniHw to iNjicralc, nlihmi-eb Die pilot eau n*c any 
auicle of Imiikini* he wfohrtk 

Ift When the h\ww\ o< th*» eikdne Ia n<dik*vd, all 
IMirla fuiH'tloti tui Iteftire. TIm> aiittimalk 1 Hlablllxlme <k* 
Vlre Is ludl1NMMk*Ut of Ibe eiu.iiH> for a lime niltwient 
lo maloV the |ilKif to make a IiiimIIiiic or to resiiirl tbr 
eii^liw In raw Mm* hitter accidentally kIh|ih. 

9A Tile I'll"! alltcblH an ibe witter wllh the an.- 
Iilaiie under full automatic ciHitroL 



Recording Moonlight and Ni^ht CloudincsB 

By Alriandcr McAdie 

flrtr Umikn In viilu Ibrmnch lextlHHika on nielinr- 
ntnirr. mlkitil tireulara of liintmelhiii. ob>ern'r ; * 
tuwAanlBBj etc.. f.ir Infonnalloii rrtsirdini: reroiiU of 
uitMinll^ht mid ul£ht elomllneMK, In ftic|, cIoihIIim'mm 
diirlm; llw ihirk Iniutx or iiracilriilly half of Mm* time. 
In dlwreelly (el atom- hy ta-ofcvtdotml niHc4iro4i»ch<4A. If 
naBaroVd at all, the data are In Atihrevlnloil form, unit 
arc iriiieru I ty Imim-iI m|m*«i betirxiy, -oidi rh K4aleii*4MilN 
of nhthl utilchinen, milkinrn, ami oihcrn. Snrb data 
are, of rmirae, of doubtful raluc. And ye* mnny a ni>*» 
In riiudunl and civil crmrlH niiulrcM 4'Vldriiei< nf a \**x\- 
tlve rhtirarler reijardln^ clnml)iie*M ai nlitht, and |«r- 
Ik'iilarly tlu> lllumiimltmi due to in.nnillehi. 

Knr tcrliimca riniml of nlshl cloiidlneHfl. Ilwri 1 ha* lni*n 
□Mil at lfliM* Hill litv^cmilory for many pmVH a I'ole- 
utar rrci»rdrr. 'HiIm U a |ilHrfnt;ru|>hlr n*innl nf n xtar 
irall. In lhl» niHr Vrm Mlimr. devl<e<l in |w5 l»y Prof. 
K fJL riekeriuc. lu Hhi| the liisinmn-iit waa uiiNtllh*d by 
KcnniKoii. and u recnhl for two week* nnty in- oblalneii 
on obmj MM: I lie hitftmmcnt Ih [irarileally aulomalk*. 
Tin* chjI Ik mil tarjee. ami tlbcre umikl mini to U* no 
KinhI nn-tiHi wlii the I iik! ninieat nltould mil la* ccticcallv 
■aval If the nlsbl 1a clear. In tin- northern imiilon of 
Ibe wky, Hn< trail made by llw M |ar b> cmitlnuoiiH, Tor 
examnln, in Kljf,. 1 I Ml rceonj for the nlKbl of April 
'J^inl i'tril nboWH that the idey witi rtitlrrly clear, where 
an Hie record for April l£lrdl!Uh Mhowa ckMidlm** at 
lutcrvaU during the mrly |Hirtloii or tlie nUhr. cotn|iMc 
cImihIIiicmx for mi botir at lahltitirht. ami chtir wnilbcr 
thereafter, similarly, the ulicbt of April SWfrSOtal wai 
imire or h-toi cloitdy. In IbU ludliide the liiMnuiunt 
lEivej* a fair record of nUbt eloiiillm-KH Tor the entire ally. 

Kor reconllng rhmdliic** durluc the day houn* vurloua 
MitiMliliie Intlruim-nlH arc uaeil, anmc thi'miniMtlrk* 
Itlwrefore rejqHxiialrt' to hint, and rocnrdliii; tno miH'll 
If the reniiN^-riitnre eirtilluiiea bUh after Mihwct, ami h«i 
little If the tcin|wnitun- fnllx ratiklly during the day i ; 
ami the iiliiiimuelric tuineil chlHly on the, ilbf-oluratlmi 
nf aotae !*cioilllnr-d jMi|» r. At lllm' Itlll there Iiah I^-ii 
lo rmixiant iiMf« Itu* nell-kmma I 'nui|-lM>II S4oket« aan- 
Nblue tin 'nler, nhk-h rmrdnlH r**vutlatty nf n kIum 
Hphere (•• i:- ' • ■ I rii k "uii'n niya and tmriilng a romrd 
u|ni« a mrlp of iirc|*irrd |«|N>r. It »ceiirri<il to the 
writer that till* luxlranieat might alao la* u*ai| to ob- 
tain ii reciird nf niiaitillght b.v plaiing it nlnp <if jihtrtn 
i:rai*blr |ia|N*r, m*t over **etwltive. In tbe metallic fmnie, 
|irolceilng It tifl much n> ihmvIIihi frma evtraiirniiH light 
ami frtim ibr w* -alter. Smue wry Ki^mI renirila have 
been tlniK nttiaimil. ami II t-» Miiltc enn) lo tliua aaeer- 



lira ut 1:1". A. M Tlie night whh lanutlfully clrar. On 
tbe icet.rd i Klg. ll will if mwii llial tbe light grad- 
ually UTAine dim, iH>ei|i|Bwrtng about II and n>a)iiM>ar- 
lug after mldhlghl. A record I Klg. :t) for the Mtn'cccdlng 
night hIiowh (li.it there wtt« mitonligbl, wllh Inlcriala nf 
clnmlliirHfl, until 10:741 I*. M , after which the tniHin wan 




( 



7i7*.td>r r*ff*tr W h it i*-S 

Fig. I. 



I0S0/, 



fig. X 



•ilwnintl. II N nut kihiwn thiil nuy |irf,lntw PMM^I «'t 
I lib* rlmriiH.-r Iuiv«* Imi'U iuimU\ 

*n>i' hIm»1i> hiiHJ.vH nf rlirtiillm*»< nr |trrhai« H wonld 
Im« t.-ifi*r In wily i4i-r-iinilfi>ii |i.v <*I«iimK In In ti in-wi mi- 
mlli«laH<iry Millie. At hum. nlwrralnrlnt it U uminUI- 
<>n<<l MiillW-litii lu i-nl«-r IIm* utiili* of tlm *liy twtiv In 
Infill) -f<Mir iMiurM. In IIiIh tiiimtry the honrtf »ri> s 
A. M. ami .s I'. M Init ^ui-ti it motta certainly *Vh<h 
nasi niT.iril a tulr lutein fnr <*«tlinatliiic tin* iv-lntlrr clundl- 
iukm of tlui ]ilil(v. On IImi olln-r hjiml. (t ftjuti'niiillr 
mrtvy of lite 4'IwihI fornix n«|itlri'*i wiill-f** Iliac awl 
iHitli'iwv. inn- of tin* mi»( rtninrliiilih* olowl nxvinlK Ik 
tlutl of Mr. SiK'iwvr O ltifowtl at K|Miin. Stirrry. who 
inalntitltw^l itn hourly ninnf fur Htrht JTaaja. Ihtrliit; 
■Ml aariod he an-natalatiHl nmrly ini.imi tinlitliluiil 
rpi-onln. He lnf< tmlilMiiil llir mailla of monllil) ninl 




I- 1 ; I. — li. ..in! of rlouilin. <s rovrrintf oac- month. 



taiti lln- iiili'MMlly of tln> IHlllHlnatloll <lin- lo Ihr tnoiat. 
An haVK'J'llan rmml IFIir. '.'t I- lloil "f Mini, lltli 
1'Jlh, .turlnir it luntir i^'Miim 1 . TIm* itniori ftifen^l llir 
[■•iiiliiilir:! ill *>:ll I*. M. iiimI chiiti'iI llw nhit.lnw ill 

1>:42. Th.- Bhtttr or the idlim «» ni n in iv m., Hm. 
moon Il-uiuik tbe abiKkivr at l.MI A. M. anil (lie i«num- 



hourly eloml form fn*|«i'iirli^ In lite yn*irt*r)ft MdmI 
■( tin- Ragral .Miteorohidnil Sorh'ty, iiriolier, 1111:1. He 
*roit|M tlie eliatiln llilo four lllalli : I. Il|i|ier 

H K liii'lmlhikC nil elrniM ISVti ~ inlenni^liale 

. I. unls. liirlii.llii^ miwil of the enmnliH anil stratus for 
uiuiliain; :c lower rliwidn, Inrlnillns fog; and 4. illnrnnl 



aneeiMllnit i-nrreiil formntiotis. fiirvi'n sli.mlni; li.inrly 
and miaiilily fnniiieiieliw are irtven at Mnne leiiitili. Nor 
l.« the uiuiter of ctoajdlajja ihtUhU ..lu'ut.sl. aa Is w> ufien 
iloni' In el. ni. I <iisn ii 11- Hue remarkable iterlial uf 
eloiailenMiN^ Ih nimrtnl lis caviirrliiir lu Mutt, when 
from a l: M. April lib until .'• r. M. Afril 1 11 1» — 1«7 
hiwm- mi ekiuilu vrelv v.n.Mi*. Tl» duration of eloml 
teMWeax vnrl.s. irrently wllh hailllly. On the Atutllllr 
i*4lMHinl i»-rii»ls e.\iMn*dliiK thnii ilaya are rare; lutt lit 
Hie fur western tun nr the I oil. si Stale*, rmaiially In 
I'nllforlila and ArUumil, |a'rh.ln nr a ninlith or hnmer 
nllliout eliiudliiiiu itrr nut Infrequent. lAintley lu III* 
ex|«TlinelttK ut Mount Whlltay «|s«k» of the weeks, 
nhlrh iuKMs.1 vrltliout a eloml In lla* sky; iind It U 
eoBimon ex|iorlrlKY In Hie hlch Slerraa durlnx July. 
Au1.-11.-1. tiial Se|i|emla-r lo Hud tlx- aky entirely vloud- 
l<s«, week ufler »wk. tin Ibn oiliinr lutiid. In certain 
srawaia tlniiidi-riiti.nux nuiy !"■ frequent and nflermaai 
elomllniiai auirkisl. Tlie writer mice had tlu. |ir|illrxe 
of H|«MMllliit 11 H.s'k 011 the mi. 11 11 or M .1.1 1 Whitney 
at Hie end of August, nnd m.nv ihnii hillf H.e time It 
whh elomly*. 

While It la Imimrninl, for many mtiaaw, that elomll- 
nhialld la- re|«.rlisl wllh anme detail, xlltl llir rrr- 
onls alnmid la- nx cian|aiel pj issullih-. A bikxI IIIiis 
Imllou of a liaiuly form of record la shown In Mtt 4. 
This wna mink' ill Sim FrttnrliaHi aome ywil-o niin. iiinler 
IImi writer'" dlnsiliai. for a Wlllllm maHmiJ A similar 
riH-nnl for Ibe suissssllnc nioulh slinwed an entin-ly dlf- 
ferenl dlxlrlliutliai nf rhaidlneas ; lu fuel, the month was 
an elomly Hint the denilind for lliHit was dnlllile Unit of 
111* i.ns-isllui: nn-tith At LWm Hill tie llave udotillll a 
mHlMal of c-htirtlui; the chamine** for eueh hour 
Ihniuk'honl the year mi a sheet of mlllinu-t. r |<ii»r k'4 
n-fitlinelers wide and ;:*. ivnllmeti-rs lianc Tlie nasml 
of elialdllassK at Itlur HIM Is |irohahly mure <>im|ilet*> 
Ihllll III any oilier BJftaa In Hie I'liiled Ktatea. 

Determination of Ammonia in IlluminatinK 
Gaa 

Totia oiiunmi forms uf a|i|uiraltls for the detenullla- 
lliai of ilium. niin lu ids. ami 11 new fnrni ih-lcmsl on 
Uie |irllal|4v of tbe Cummins wash tannic were re 
rontly irateil ut the Hnrean of Htitiidurd*. at Wash- 
Iuil hy J. I. .'.dwanl*. Iitlsiratory assbduui, .mil tlu- 
results shun lhal the ttnuaint nf animsaila in a kiis enn 
la> ilcliTuitii-d nilli sidthh-nt aisura.-y for lalianl or 
«omnien4nl iratlnit will! uny i«T Hie live fnrnw. The 
■dianlaaun ami illsndvanlniErs nf eneh fnrni as well 
as pnenHlliais In la- olaa-rnsl In n|a-rnthai« are indntnl 
•nil In Has IcxL 

The stlhjissl la hilly treated mill diiu rllail, wllh IHl«a- 
tralloiw. In No. 34 of the ill lunlaglinl i»i|«-rs |a>b. 
Uslasl hy Hie Htireau nf Ktanihints. 11 oil In sinumlnc up It 
is mtilnmrndcd that the ammonia l«r delrrnilnn] hy 
ahsoriallon In -ulptiurU' aehl nllh siil.sispi.m Hirnllim 
..r tin- umm nel.l and not hy |Kis>ituc L ns tlin.iuh 
the 11 p| si nil us until a color i linture is shown hy Ibe 
Indhwlor. It Is sulbsfuetiiry. however. wIiihji it | H only 
desired to know wta'lher the iimmmihi nintent Is atmre 
nr tsslnw a MftftlR limit, to jama n |N-ish-termlnist V11I- 
nair of mi< 11 is 1 aatl wln-ther the m I.I has kfaa is«u- 
liletely nctitrallaisl isr lad. 

Misllnni alluirliisiilphoiuiie. cnelilnntl. and tairanl- 
trafikiaa! lawa Ihs.h rwiad to is- satisra>.ory liarlmiiia 

The use of a N/rai ssilnthai of snliihurle ni hl as an M l, 
ssH-hlnK n bi ut la reonnminiilcd. alihoui-h Ihe sti-encth 
may be vnrhal to Date. .Iidereut raiialttan 

Tlie errors due In lniiail|ilete wnshilic nml Ihe use 
of clasa brads are dlaeusseil, and menus of elimination 
their effect arc flveu. Sia- U. uf .s. t'lptalar No. 4S. 
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The Flying Machine from an Engineering Standpoint — IT 

A Review of Recent Progress 

By FniU-riok William Liuifiifsicr, M. Inst., C. E. 
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t.. Kin. 7n. It may 1* 

,>r in 

warily main ll» form ur the aerofoil, tin- |x»Jilou nf the 
crater at gravity, mid the ptT«-llvv am "f tin? mil 
nwiuls-r. II) altering the m*.W of til lull plane (or by 
allerlng 11 m eiTis-tlve tingle by moving the flap kuowti a* 
tin* elevator) live dnttlui Hue of Fig. 7u It* In effect 
raised or barered, but tin- fnrni at tin- run* ll»rlf la 
iii* materially cliaitged. II U kIJmh. therefore, that 
a given machine nuiy lie catastrophleully stable within 
Mftall UoUl at the adjustment of Ha elrralinr; lliat In 
to aay, referring to Fig 7u, II will Is. ws-ii Hail tlie 
dutuni line may either out Hie curve inaee or Una 
a; tlie range of adjustlncnl of the elevator Itiat re 
• leave, tka l 

I 

valor Li adjllstisl M Unit Um? 
line enta tin? curve threi' times llw 
machine Is twtaMirophlciilly tin- 
stable. ID auvh a ease ax Hint 
shown by tlie dotted datum Hue la 

i Ot 
la atlll 
Not aide la It 





tar tbu iiUot Ul 
trophic Instability by a 
movement of Ills elevator, lilt tile maturing couple for 
pitching Issyolid a small am|ihtllde ivimw to follow even 
lipproxlraitlcly the strulfbf line hivr. a fuel tbitl hievl- 
lal.l) lui|«Tll„ in,, tlllitlt lath stuldllty. Keen when, n« 
iili»«lrn1**t In Klic. s. tin- pitching- moment curve t*b 
never |<as»ca the leirtxiiulal. and so 
l.lliiy Is no longer to I.- feared, the n idli , n are nut 
sallsfuclnr). slrnv then- may he a eorerldenihta change 
of atllladc of tbe luarhlue vrlthoul giving rise to any 
oommciciiruic n-slioit,g eonide. 

Tin' uuthsdruhlo kink In the pHrlilng inomcnt rorve, 
shown In Flg^ 7u, 70, ttlnl s, | H die* r. » the iitoYcincnls 
of Hie center of iwessiire of the taHMM llss-lr in rela- 
tion to Ihe laaaMaai of the .-enter of gravity. The tall 
Hnne ii lone will give a pitching moment curve of the 
lyias llliialmlcd in Fig tl, hm the foreand nfl change 
of |... Illi. ii of the renter of pri—nre of the ncrof.dl, at 
different angles of atlnek. gives rUe lo a i.lt.'t.lnc- 
iniwnent enrre wh.es* exaet rharneter dc|*-tul» u|h.u the 
poeiilon of ihe renter of gravity. HaouM this corre- 
~|>u»l lo a ya n MIWl l headed tall, n curve of Ihe type II*, 
Flu. !l, will restill i Ibis. NfMlMMi M the tall eoni|Hi- 

d. Iiu|arls lo Ihe idlcblug moment rurve of Ihe ciam- 

lilele niaehlne tlie kink ahowu lu Fig. 7a. 

* TV J»«-> Forest wine. dHlt.-r.sl teftirs the Instils 
lUm .,f i-tvll Kaaln.*r« on May r.th. < ...,iur.- *i«o ike saine 
nsthtir* paper on 4t«*cr^|iliU liisunllifx in Arreplanra." 
a<i«sTirn Aiiaaiisa hi iil»m«»t. frwaary Hik, 1U14. 



to uuiku aura of a aatlufaclory 
curve for the coinpletc martlne, tlie 
idtrldnc nnnneiit ™rve of tin? aerofoil alone abonld at 
no indnt eJldldt an biverw trend. To nohlovo this It In 
mevsHury to hrini: tlie center of irrarlty ap|ireelahl>' In 
front of Hie mini fonvnnl rsisltloii of ihe center of pre»- 
•Hire of Ibe aerofoil, m that the lull |.him? will under all 
« cany u slight negative load. Taking It as a 
laisla tint at tlie worst point tbe nltehlhii momenl curve 
for llw aerofoil alone shull 1»' lioriiutltal (ihe f..nu of 
curve shown In Klg. h). the ■MtWI rtcn I eoustrnellon 
given In Klg 111 inny l»- cui|>loycd lo give a Mlltuble 
are a tkta to the center of gravity; here ihe bans of tbe 
cooler of pressure las etisrlinciilully uetermlntd) la 
given, by ibe line ana, ibe Bin Hurl umllwi curve la 
shown by Ihe line hhh, the dynamic an being on the 
Una or. A lltunher ot taugi'iila in llw |4Ii 
curve are drawn at rnudoiu frwin Isiluls in Hie 
BY, and are ptvaliteisl a disfnucc isiual in Ibidr own 
length beyond i be [mini of contact, the evtremllh-s of 
these tnngitils defining a curve dtiii. Ih-uw vn Inugent 
lo ifil-f. Iberi Ihe cenler of gram, should be sltuatwl on, 
or forward of. the Ilia- Tlie location of the center 
ot gravity .u, this line ulvi-a a pitching moment carve 
for tlw aerofoil alone, whose point of lufieetlon la bnrl. 
uaital (as lu I'lg. si. If we assume the muchlne flown 

at a nonnnl >p.ssl isirn-i ling lo the 111.1vl111.jm 

llfl/ilrlft ratio of tlie aerofoil (curve <»•). the outer of 
gravlly lu this lairlb ular cn». I. ia.e eighth of lb,- chord 
Ungth In advance of the center of pn^ure. Assuming 
I Ui three tunea the chord (aa in the 



-II.M -i" LJntC of Ihe llnynl Alr-frafl Finlory, » hose mil- 
llne elevation forms tig. la) this is isnitvaleiH lo a 
li"galive haul on Ibe tall «s|nal (o 11.1)4 14 per cent) of 
the weight of the machine,' A inai^ilne so hullasiisl 
may Is? regnrihsl aa absolutely sis-ure frotu catastroidilc 
Instability, and us hni lng a pitching moment curve of 



In eomicctliiu wllti tlie present sul.Jist It Is worlby of 
remark tbnt lu a wcll-deslgutsl aerofoil the most for- 
ward isjsjtton of Ihe center of pressure is never fur re 
mined front the wolnt of niailiuuni llft/drlfi rntlo;" 
Ibis fact is of lni|*irtartce, iunsiuui-h as it prertults a Con- 
siderable rmige of imirenient round tilsalt the nllitude 
of normal tllghl wltluiut Introducing grave Irn-gulnrl 
lies lu Ihe pitching lootin iu curve. Wi re It lint for IbU 
Ibe risiulnsj conditions inlglll fcennently t«. fur more 
itltllcult of fullklmcnt tbuu Is ucluully Ibe case. 

Jk 7 An t.aint of lit vmtaacr. timing establlstusl the 
general character of llw airway, or truck on which the 
II) lug uiaubine is auslalned, we (etas directly to Ihe con- 

cn'dlclcnt of traction, on which de|*Jid* the power ci 
Is'iulltuiv. It Is cuslomnry. and It Is correct, to regard 
ihe resistance encountered by a inachine in flight as 
nunlo uji of two i-arts: Oral, the direct reaLstunce, 
which varies upprovlmaleiy" as I nauuily, Ihul form 
of reslalnnce enniinon to Hying niuchluen. dlrlglbb-s. 
niotorcurs, sbliis. etc.; lu other i 
slstauce enisTlenceil by any veaael i 
age through a fluid; and, accimdty, the tltgtit rvsdatance 
Bi9Bfjr a which follows an entirely different rrr/ime. 

So far aa the pilot or aviator himself Is concerned, 
till the direct resistances may be regarded ax of tlie 
snuic kind and groujs-d ti<clln-r, namely, the sum of 



the fuselage, Ihe alighting chassis, aud Ihe various 
struts, stays, aud slurs, whether belonging to tlie body 
of the machine ur aerofoil; also the engine rrwlalance 
(If exposed), the radiator, and Ihe frli'llolinlly eipowsl 
surfaces of the ruihlers, linn (verlk-al surface), and of 
the aerofoil Itself. Resistance frotm all Ibeae causes 
varies apim.xlmatoly aa and an can Ik- representisl 
by an iniiilvnb-nl normal tilaiie. and lids is|iilvalnu tmr- 
mul phiiw Is one of Ihe reslsliila-e constants of any 
given mili'hiue; it mil) be niiresi-nlisl hy a gratih aa, 
I'lg. 11 — a portion of n panitaiU covering the rangi' of 
»|s»vl of whli b tbe uinrlllne Is m|uilile. 

llle fndtlt of view of the pilot. Ibe ueryMlynamlc 
lift, which g.si* (o muko UI i ll«i total cc ( Kl«. 
11), follows, within limits, the inverse 



• A similar com Imaitn sro r.'si hrd by the aotlMV enutf i 
yssrs am inned on sn entirely dllT,.r«-ut ni.-th.st <>f Ino-arlKn- 
tlun. Foa luDdel lipillaiaal a acuttYi-lr hadol un waa 
fovilnl to Is- itlvnlltaxoMt* . II., lltnr^ on::.*, Is Klon In '-Aerial 
Fllakt." Mi U. at aM H b *srtr»aln In work with a lesa 
■asajaasltaa «f t-ustiv.. l.snl rr..n. tlu- |..mt i.t vie „[ l.-.|,ln« 
His rs.l-itiin.-i- ; eiM.-allr Ihr lioltt. r Is oa. f 




■t In the iLiture i.t a mli,<V4i-nis ; a wrllsle- 
I at lu Mtllmh- nf l.s.t rs.ntss.-e ni.-^ts and 
hataaa ihe slt.oio in.,., repe-— nlina the rrUtlvc air »o» (In 
th.- r.-rlon ... Its mil s*. Musi rotifi.ravil.ly. I'r4ot Hi™- mn- 
.llll.in. miiisII rhnnvis i.f Itlltudr om- Wky or Ikr otbi-r tto not 
o»iim> any anrupt rbanar In Hm u>tislj usmlr .ysi.a,. Snrb 
i «|o.tl*-tits na nillUalhg Ills vi1r,a,lt|sa ami alilna m reflex 
eurts tu tin- trallltig fifj aja slo, found to I' of •ervl.-r. 

■'Tti.. !• us. It stnilil iiiipmr. In no cate exactly reptcM-nls 
Ih- srliisl fa^ts; ths aojMrtiirrs from this law ryvp up In 
isrlmis sn.1 ■om.-tlas-s tisnt onribortisl illrerHos,*. la the 
ej.i- of reslManre aur t-> >kla ffirthin, sulDi-l. ttt lists aatal to 
■HMf Ih* oVgT'i- .rf ili-psrlur,. from lhs Inw In hp computed ; 
III ollo-r tnsrs ss for i-untph. In His presiille reaitron n- 
peHeareil by nn las-Maeit plans or at-rnfolL departurra nf m 
•llff.r. t.t kli.il hsis lo^n Oxmoastrntv-U. and afi- ls-lna anail 
oaily sim-lrlalH i.y evprrlmenlal huptaflajatlaa, In spits of 
1lir-,r snort oiwlnga, the founJstlon thiory of flulit la today, 
aud ptutrnkly will .o.tlau. to l». Iiaaed au Ik. f Law. 
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naim-ly. mrn-i js t/l; where fc U a couaiaiit Uc-lor- 
I by the il.-i.lgl. ->f I In- aerofoil: there la a crtlicul 
which deflia-a Ihe ivba-lly limit «.f lbl« law, 
nnd at heal the llivcme H.|ll«re law In but all appruxl- 
nuitliHi; It la tlui «riwt luw lo uanunie fur an uniae- 
llncd form of ner.ifoil, but every Iwlivldtuil 



uilimtloua fur any ucmfolt Include, with this aerody- 
namic rcalniacicc, the »k1o frtcikmnl. and a certain 
amount of olbor Inaeirarable direct rwlHlntic*. »o that 
if experimental values uro tuken. iheee rvaiatancea 
*hould not be. again included In the computation of 1 la*- 



From l Ik- |*.lnt of %-lcw of ll»- <h-*!giu-r. thlnga wcnr 11 
aomcwbut illnYretir a*]aa-t, and u aharp Hue hua In Ut 
drawn between two different clanac* of direct reelatiinee- 
lu tlie tlrat i-lace, llici* In tbe body rcoUtance, which I* 
taken to Include tlie realatuuoe of all Iboac farts. aiu-h 
aa fuaelagu, alighting gear. He . which la Independent 
.if the dndgn of the aerofoil. In lb« accoud phiec. tln-re 
In the direct aerofoil realiitiii.ee. Including the »Mu-frlc- 
lliio atal atrut and sday reidstuueeis. which are variublca 
dr-iicmlUig upon tbc area and apan. 11ml otbrrwlae upon 
tbr ilealgn .if rim ai>ri>foll llaclf. The. dra-lgncr ran, by 
*iiihr1cntly extending the aerofoil, reduce the uet-ody- 
hanilc resistance (aa show a h) tangley! lu aa low u 
Value aa lie pleilac, within I be limit preaertbed by the 
question of I lie aitdnl weight; hut thU reduction In the 
aerodynamic rcflbxanrc I* accompanied by an Increaae 
of Hkln-frletlona) and oilier direct uerofoll t-falataocea. 
ao tliut for any given mnchliie and dcaigncd vchn-lty 
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there la ail extcut of 
pay to en: 1 hire U 
abslaiice. 

I have xliim-11 Ibiit, treating tlie matter from the 
hrojld nttllMl|B.lnt of gclicrilt theory, like colwlltlon of 

lenat realalanre U renelieil uIm-u 11m- ueri«]>iuiiiilc and 

direct mlatafiei! of till- aerofoil are e.|Ulil to mie nil 
irtlwr." 'Hila la lllliatrated by Fix- VI. in whk-b taa 111 
rig. 11) aa reprrNtica the graph "f H» dliwt 
nnce (Won r'), uikI o» that of aerodynamic 
(ft » l/V>, and «■ b. the total (ordinate.- 
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■■•'Arrlol Kllcbt." vol, I, rli. rll. 

w|l u aot <aay te flf Une Hi- aniclr of Irall itf nn arrofoll 
a-hea tha atetloa H ooc of 'onulilernKU hoilr ; rl«irly if la 
•omethlnn Inturawdlate t*tw«n tbc upper and uadtr aurfaeea. 
probably room aauly appr«tiRiaUo< la the tariatt. la *h*w» 
by tit sotted llo. la IT*. It. 



>el.K-||y (Itlwcb-Ki- -iltvul. 11- reluVH-ulllig Uloro Uli-r 
ally Ibe problem il« presented to the deaii£l)*'r. 

'1'bo Knu-nil tlieory ou wbii'h tile foreituiiii; retojll U 
I^Mial .teiwtnla mien ami la aubjecl to (U« lllullutlona of 
(tie 1/V law of aerodynamic ree-lHlnunv Thbi law 
correal ami!* to the atraljtht line luw ua correlatiiic prea- 
aure and angle. 11ml la a 

Liwn ut a eerialii erltleul 
nuixlinum iiDirle idependiiix miiluly ujarti tbe aBp»et 
nitlol, aa abou-n lo the .!xamplea elven In Flea. 14a uteri 
Hd. The wpiare plane follows a atrulabt-llnii Uw up 
lo about ;9> degree*, lu the plmie of UH|*et ratio ^-11; 
Ibe limit ia ubolil 12 deereea, Hm- breukdowu of Ille law 
III tlw«e limiting auglea puta 11 very dellliite limit lu 
n>lli* at low a|aaa|. 

Tiwr v. rt,,iniui,i Atn./M. 

. I...-I liwna-l.l 



lln; IH.-HW-. 'lima plullliu,' viiliiea ..I tbe iwvwoitv toii- 
alaul. ll« .lerlv.al frolu Tillile V. for .HflVrelll valuea of 
aa|aa't rutb>.aiid aa delenained for Ibe co4idilioli vf leaat 
realal.tuee (iniixtiiniiu llft.'ilrtft » by the Natioua) I-by«- 
k-al laboratory, Fl^> IT, we Unit the two in iicrfect 
agreetnent for najieet ratio — <l : vtv illao riiul that both 



a higher prewure entialunt aa a|mr<qirUt« to I 
pert rulki; we do not, however, 11ml iualllu-utiun for the 
extent of the diUcreivoe ua given in 110/ table ; Ibn Xu- 
tlnrnil Ptiyaleal fjkborator) curve gleea tbe elT.-et aa 
very alight Indeed- -In fart, nlaioat negligible: the pree- 
aure eolertniit for tike a. o, foil t.-»t.al lulchl la- iiaaunied 
of a»|aa-l nub, vvllh.mt 
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lii t-lg. IS Hie Naiionul I'byaicul IjiUiralor) curve 
from Fig. IT tin* taa-n pUitl.U for roiuiairuMiu villb the 
curve of the normal plane. It U well koowu that Ille 
preaaure coiiatant of Hie iioruwil pluu* la griaitef for 
pluiM-a of elotigute form: tbe norioal plane curves glreii 
In Fig. IK are board an the detcrtnillalluiu. of Ijinglejr 
ami nitiea, aa given In Aerliil Flight" (the upper 
enrvei ; aud the uioee recent detenuliintlncia of Mr. 
F.iffct. the valuea uecordillg to Itila nulhorlty being very 
inlteh lower, tin tile U-ft. on the llue usqiect ratio — 1, 
we lilive Ihe 111 lot fur the atpiiire ptaue aa determined 
by Uie Nulloiinl I'ltyaleal UiUn-atory, mel a curve la 
atiowu (dolLali directed toward thl* la.llit aa being ihe 
npiirct we can at preMut do toward a rcprearntatloo 
of Ihe trulb. 

Tlie relalh4i of the normal plane curve to the N'a- 
tbmnl I'hyahcal fjilajrulory rune aforeaabl la moat aug- 
geallve; It ha|i|H>lu (lull Ille valuea of Ibe conatailla are 
alnne<t ejncll.v lo Ihe relolUiu of two to ntie; Hibt la 
protaibly a mere coincidence', a more liujwtatu furt la 
tbllt tbe lucreaae of the preaatire cvlla<ailt of li-aal re- 
fjataraai (touching ehaugra of uatteet ratio) for Ihe 
aerofoil la alinoat exactly proportional to tlun ordinary 
IMvnaure lucreaae In (lie caae of vnrlatlona of pro|ajrlloo 

In tbe two caaea la due lo tbe auttte prltaary canac; alau 
that the ca-Olclent of camber pro|a-r to leaat realataneo 
la a gnunllty Independent of the un|*ct nitio. If thin 
turn out to he the cuae. the rrductlou of the re- 




I have <lr-ni.ilis1 ruled tltat tile couditlon of leaat re- 

mlio. a definite value of Ibe angle of trail, 1 ' )), Fig. 1.1; 
the chord angle. exee|K where u plane lamina la unci, 
la an uecldi-nlal .piaotlty, uud not. aa frojueully Mlp- 
|H*«ed, on** of fundamental Importance: cnlculnled 
viiliiea of linll-oligle ^ for leiM rvalatnno are given In 
Table IV. '1'tiua uny aerofoil proia-rly dealgiaml for 
leaat n-aialiltaw for any given velocity of Illght will la> 
correctly dealglxal for every other vebalty provided 
Ihat IU ImiiiI la-r null area lai varied aa the aijlturc of 
the flight vcbally. 

It thua laaaimi-a lloaalhle lo prc|pare tfllllea of nueale 
pn«aure valuea priaja^r to lenat n-alatauee for different 
rllght velnrillin mul illfTereiit viilnn. of aapeel to llo 
(Table V). Table* IV am) V nn- tvpr-liicvd fewn my 
"Aerial Flight." vol. I. pages aill. '.ia. iilel 271, Ihe vurl- 
able factora in ailtUtlou to the tllcbt apiasl la-itig tbe 
n-ia-et ratio, which la here ahown aa tnbnliilial for 
valuea front 3 to *l, ;ii>d the cuellU-leiit of skin frbilon. 
valuea of which are luken from 0.01 lo 0.112 double 
aurrn.-e enedlclent. Tlicae vutitra for skin friction ure on 
llw high able, but aa an n.Hial fact, tbe value* given do 
fairly reprenent (be total direct re»talnnc« that lu practice 
ilc|a-iols main tbe uri-a of Ihe foil, aud which rei|ulrea 
to lie Included In (he liaeful n|>)illcatlon of the ttM-ory : 
the higher viiIim-a. genernlly apeaklng. reproeent ub«tre 
clu-«e)y biplane cotiOitloiia, niHl the lower vatut-a are 
more UMilbwblc In the cnae of the monoplane. 

It wnutd npia-nr from recent experiment that my cm 
aa giveo In Table. IV and V. though lu Ibe 
Kjnlfe revlalou; at least In a 



abrtaiice for aerofoila of high aafa-et riilto may ho re- 
garded aa duo entirely lo live fact that, where Ihe cyclic 
componol.t lo ntnuiger, Ihe dip of the li udlug .slue dill 
be iucreaaed at Ihe e\|a-liae of lluit of Hie trail: Ibnl ia 
to any. Ibe chord angle may be dimlubdicd n-ltb higher 
iiMasrl ntllo. aud with It tlw trail iingle will U* alao 
iIUiiIiiIj.1i.. I. Tbla la contrary to the tjibulal.-l reaitiia 
of Table IV I If Irtle, It uilial lend to the reeonalilera 
lion of km of Ibe itaaumptiona 011 whleb I baaed my 
Ibis.ry, or at leant In Ihe reylalou of auuw of 111* valoiw 
of my coiiMtiiota. 

In Hplte of live evidence, It p. hy no meaira certain 
Hint Ihe matter lo qul(e aa aimple aa It apia-ar*. It la 
to he ola.erve.1 that any liivistlgullon to determine Ihe 
efferl of na|«-rt rittio muag of neei-aall) luv-ilve a very 
n.iuplet ex|arlnieu(al campaign, not nien-l) u at of de- 
teriniluillolm with aom* liulf do»-u or a., ui.al.-la aawn 
off lo lengll. from a piece of lllerlot or He llavlllaml 
"tuolillug"; Ihla la exactly what waa done In tin- e»i--l-l- 



of otnervatloot frum abKb the . nr.. < Vrt I 
10 Fig. 17 waa piaiea are llioaa glv.a lo Ad.l«a-y .'oiaiullln- 
U.Wt. 1011 tr SleuH-raoduia llo. I vU Plat.- Ill; tat arc 
ttiiii ut tlu 'lira or ann-f.ill a>.<! la alvci. In lh^ rwpurt. and 
t« n-oriat^-.-d In «lllmu»l(e In Kl|t ill. Tt>^ val^e ot tlie prea 
anre <on«Unt (nt nintlmuro llft>'dnft I clil^ntty varlea euo 
alil^rnbly for Olffcrrot forms of M-clloo. Ib-yictlDjC forui" tbot 
my u- mo>.ld.-red b4d on a'wunt uf ibwlr lnw niaklimou. wr 
flint : la M.-|K.rt 72 (1012 It) Ilia fioirlli. Ollli, anil alittl 
ar. llnna alv.-o la Fla. 1. ronaUnta il.TJ'l. 0:1:14. anil 0.134. 
r»a|"vll.i-l^. In tile aainc r*p>rt. I II. O.Tfl r .a at* «1v*b -it 
th» tcMB of foor nenifollt Vlll+.l ut b. Mnotn'a* <tt lea.ll..K 
edce Tbc three beat of thee «u-b Lao a moaUut approxl- 
ruatcly 0 4. lo tha nam* rapurt an narufull enrrrMouOjIog la 
fona lo H-a.F. «" aav. a valo. . 
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iupiiIm forming tlx* lm*1«t nf tin- |4i»4Uii£ Kivrn lu Kir. 

IT; llll) KDl'll liii'lll'-l .if IllVPrilliSllli.n Ik ll.ll.li- l» |it\ivr- 



In tilt- Unit plan- iili'li nxta-el rnlUi xtimilil bp PAplurril 
by u iiiiiula-r i.f <letpritili.all.iiui n>Jnir iiprnfolU. of vary 
Ins rttmta>r: wi-nfiilly, Ihp iiernfiilt mi'tlnci nmatc mtt lie 
uiilr..nn fiiriin vikI I" inil, llvp meUrn must 1* "gnuled." 

nut" .1 tlu- rilrviullu-!- II.). .od tt.li mil ntx- m-riiii 
uiKt t» trt.il, i.iii miiuh dnm-n ..r mow.. Tor Uiu.1 'win 
ii*r" fur mrli :i«|.«-t rail.. I. ihp upr.rtT.ill ..r gmhwi 
lift/drift. 

In my .ifiliilin. In flit- ivrpspnl iin-a1hifiir4..iry *t«tr nf 
tbllk£N, II ix l«-*l im. tnr n* Hip jirpHMirv ciu-aiinl U 
r.,i»vn.«li |,. ,.-».. mi.' n iinir-.riii mine finr nil vuliam i.f 
anim! mll.v «nv lll.it L'l'.n if >|i|ini|iliiilr I.. iik|«t1 
rail.. II In Tuhli- V. tth.-llu-r vrr ennkbipr tin- .N«. 
Ilmuil I1i,v*|eal UiI.ipiiI.wj nmill iik v»lhl nr m.1, thp 
laltrnt faet li ttinl we him- III |.ri'MPI.l It.. -.iflli-lplit pvi- 
iIpiic,- Ibut lliprp Is iiii) ptiiiin!!- In llu- iirv-wirp ititifliliil 
iv«,nt| takltu! lur.. ivpe.xlnf. .Mlernjillvi-ly. wr urp in.4 
enlnc fur nmrny If we i.»*iiidp iHT.ifi.il |irwiirre <«|iml 
l.> lialf Ibr pre—nri- ..11 llu- minimi |.hiiu.. 11 > »Ii.iwii In 
PlfC. IK 

Tlx. iimxi ImiM.rlat.l fait Willi uliieli wr tin- InniM- 
llilltplj pi-llcv-ntpil In oiliimlutn Willi llu* tllrory nf Irani 
rp*l*tiiiiri- in 1I111I tlu- 1..I.II uemfoll niitiljiiMV f..r hunt 
vnlll*- U iiIiiuimI rt.ikHlsiiil lu ri>H|»<-l nf tehi-lly ; In 11II11T 
w..rtl». |.n.vl.l.-.l lluil »r ilpriUfli I"t leu Hi riiWaml-, wp 
kn.w mir Irai'lnm <*M.|Kil<-lil 111 iiilviitHi.; II U vlrlunlly 
1I1111I. JiinI us ihi.ugti llu- |>rvil.lpni u-erp Ihtit «»f an 
inlillv. rpiiutml I.. iimivimI 11 till) .if kii..wn Kratllpi.t 
— llli aiiill.ih'> wllli-li pn4ii|.rp|lPitil-< live fuel that there la 
IIm> dirii't vi IihI n^iilnmv ..r Imly ml-tlnner- nik-lllluikal 
In belli rota-*. This militant Ik .nily within ctinlrtkl 
llulKlnwh tin l.y «in-fnl iI.~Iki. Hi.- ifT.^llv.- valup ..r I bp 
rn-Olrii-nl ..f «tll. frl.'ll.>li ( nill !«• Il.-H <!■>«* it. Iliul II 
I1I1I1 ii«|«--| ratMi uil.i.lp.1. TlMH.ri'l Inil ralura ..r l.n«l 
Ctl«llii|£ dliuli- I thill is t.» siiy. rpsiMliilirc ON-Ibpb-Ht I, 
tjiliubitiil for rnlui-n ..f I antl id-im«-i rnlUi, ntv rIvihi In 
T.I.I.- VI - it i> .,< ».nn- I111.T.-I I., hi.iulr.- |.> wlml 
pMpIiI Ibit**. h-hmMh ilrp III jiieri-piDpnt Willi m.Hlprn 
rii«rltn. 111 

T.ih.kV1.- r/Mrffam ionic (--,,) | Thc.rlh -nf). 
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rr«»n hi> l«U ui'-l. I. n-i|*ii tmiIm Cl.::. l'.ir Ul itiJr 
IM'ImN'MI d.-l4Tliihiu(!Mii-* l.y VIM.. Mini 4 it I Intft'ii luUt 
rulnrU-s- 'llu* ulH.vt- «n- yinii In T--il>V VII; i-hIhiimim 



•'li ii> in t-|.| imImim Mini hi ihIui [Liiu ± ^l. tili Hi- r>> 
«f*rid .inr> >■•>• i-nnMlin. •n'>-'w |**>»<. ,|>|.- 1 pJmiuUI l~ .1uu/>-<I 

«f rt l«n». in trjiitu lit i. tlt. ii t.» [hi- riil.< I i.rnllj !• i« 

»■:■> In iiiI-ImLi Hi. i-kawliiw J.tr I In •ulit.lloi i ; t|. |ltf 

-iuu.,,1,- i.» v »r, iIh IniKili ..t *n ». r,.f r .-.iiMM.t 

m»V Mpfir .ii|.Tli. JiMy t.. Iw ' .Kutiflilit i»H«' . ..ivJIIwtli,"' (ul 
In r»-4.l.iY If |k if.ill.lnh; - f U- 

•* I t,. (., A - Tin I rit/l.t." v.. I I. j. -11.- 

" llf|«.fl .4/ lit- A'htufi 'Viuniiiii- fur \. rnnnrillr-v 1 1* 1 1 
It* 11'. 1^ T.V 

* V-.i-.it. f.»-f ,»-r -..-unit 

I V.ilu.- 11 1 ..<> r..l r -r ....wl ( ^f.l l.y iN4tl..n;il 

HtT-i.»l UN..r-11-n 1 
1 Vv|u«ity nut natttl. 



1, '2, 4llll] 'A |flV t . t)M> ArilMtft THtUt, t>(Ht, Jl lid »UliliiHt> 

ritt|.r<-tlvi<l) : <Niiuinik 4 itItwi IIk> »*xi»>-riHitHil.-»l ib>li>r- 
iiihiniivm, iknI iu> lliwin-ifcoil >nlui«* »r.' nlvi-ii lit 
nnuiM ." mill (* for valw-4 at I ■ M.irj itiii] i O.Ui.V 
I'iiIUi- VII Im HlMmrn iiUitlrtl 111 I'lK ia tlio rrUtlan i»f 
ii^lNi't rtitlo (1* Ufr /<lr*fl lM>hij[ riiiritM'iitHl to* nirv(*A 
Ornu'it t!irt»iiJth llH' nliwriMl inid »^ilcaUit«l vniuoti. 

It will l^r- .KihiJ r,„ rvfrrrint' to Tnhlc VII and Fie. 10 
tluit tlu- atrrrrmt>r.l Ih ulimieit nirnplrlt*. Tiic luo mw>M 
nf thi' l-Ilffol ili'ti-milimllHii **t tlu> VoUIn ti«'r.if*ill udjI 
tlw "H A-I". «" Jit-riif.»ll iirv*luivi |> ju- uiillyliic |>ilit|>«. IK4 
U'ifiK full) in .isn-iriH'iil wirli tbt* nnilii run ut \\w n* 
mu I uliiir i-\]-itIiui'iiIhI (lH.-rinluutl»4i ; It will Ih> nirfrxU 
houi'ivr, I luil tin- uht-lf i»f tlu- . \|N~ririM'lit:il Tj.Iu.-v. llf 
U-tvt.i-ik ||m> i wo inljii.^'hl 1lHi.nmr.1l nirvi-M kIihi. hihJ 

tin- if nil f'.rni of tin* f\|i-rliiwiilJil mrv riT.«s|himN 

t». tlu- i-urrw kIvi'ii Ux iu> i-i|iuit|otiv ll Is Irui- (but 
flH-Ti 1 - \ H MiiiM-lkilnt! lu tin* iiaiiin* i.f |ht- hiiinp 011 tlto 
i-\|K-rinH'i>liil rnr vi-. Mm- I'^tri-niltli-n nr nliii-ti o.rr*- 
*<;|»mmIk |i> 11 i|.«iiMv-rHirf;o-i' i>n-l*ii*l .-ul nf ikln f rU-f !• »l* of 
0.1 'J. win-nil-* tlu- rt'iifntl purl nf Ihr nirvi* routnl iiImiui 
Hiim'l nilio r. ri-ui iM-jirl> Ihr ti|i|-T fiirvr. Thin 
in-ctiluirtty nf angular i hjirnrti-r ..r llu* rnrv.- uwy I- n 
r«-nl r.^alnrv-. I ml I utu .IImim-mhI |«> think IMt II W morr 
l<tia)itiUl> dn** I" tli** fju t I luil n icniit .U a iil ini.n- i*x|*frl- 
m'liliil wnrk haw nr**u ttunr In tlw rvcin-ii of IIm> bntnp 
of tlw ctirvt*. tirwl nntv highly |M-rf.<Ho<l fnrnu Iisva 
Iwifi !iuiH*l.L- Hum for u.^wrt rttfluM »f ttrtujtt-r or lrw 
vjiIii... It w.iuUI m^iir iirolnliU' tli.it If *i|ii»l Jillei-nw' 
wi*re aiS'**!.**"*! In (l^ietihiK «m*1 <««*llne foruw <if otbi-r 
antMK'l mtiiK*. iIm* u|)|«t Ihi-iprHlfiil curve i(--IM)iro 
Wnillil he fiHUUl |n Ih> vrrr rloNi- to tlu> ttlllh: M'lik* 1 O'li- 
rlriMfloh or Uil-t I" rmiiul In llu' fnrt lluil III*- lK-Ht viiIih* 
fnrthr"lt.A.r. iriMtrof.il). 11 fnnii Unit hn-i l«-rit .tcultjni 
to cMii*l(li-riilik- f>tiwly Im4h by the Itoyiil Aircraft 

t»ry I |hc NuMirtu-t I'liynkwl l4il«.fut..r.v. Ho* cr^M- 

t-ntlily tilkovi* tlu- mnv ri>t.ri«**iitlit«K Hi'* nm of oUht 
iJ*H.-rv;itl)>Mri. 

In tlu* Kiiliotiiil l*ti> .-.Inil [jiborntory rcfiort 1o nw un 
the ten I * of tny 1*1, 1 hhhIiI, It !>■ >-t;it.<l (hill If It li.^il 
lm-n foiMui |mikh|i.|«> |t. i-tn|rln) u vH»"i,y nf r<ii fn. 

I*ll«1n hlKllMHl of J»l f.Mlt '•.•CMmK till* llcurtt olttllllHll 

wmilJ pn.lKihl? htivf rcuclwil tlw- iwishU.rlw-ad nf Lti. 
Tiiix mliw U ul-. (.lothil ax 1111 iiiilt.iiimllns (mint In 
fVltr. IH. 

SmroiiurlrhiK tin* |. --It Inn it U Hnir tluit tin* Iriictlve 
effort ret|nlriti| (o nven'oiiic fllulit ro^lstntui- iirotN-r - 
niiiiH-ly. Ibc ncrofoll ntslMtutiiv- n^l imt cxc«i*4l I lit 1^ 
to 1 In 11. Unit Im, 7 »>r s jut (viH. uhIui: an -wi«1 mtlo 
of jilm-ut <l. ai.iI ihul Tahict. leviM II. nn II. Ih h ro i.mUi.v 
iictMiillA i*.-anui| in .'\lNthnt iiuu-hfiMtft. II bs furllirr 
more. ;i|i|K»n*fit Ibnl If It k« fouiMl imti-lU'iilili* lu ei»|>loy 
nully hlirli iiMNi't nitl... such n« In my mrly lll«tit iuimI- 
i*N. tlwrv l« overy n-amwi to -iijumwe H1.1t 11 nuliljiiuv 
cpj-flb l.-nt low ;ih fl ,--r n-iit, ..r .-vr-n . r i |»rr «rnl. miiy 
[itvite to In* tiltiiliolile TUU b« Hie niiiiriiilmle of Ibe 
■CM.sl.mt En.dlii.t- i*t tlw mnt..r<«r mwil.^y. We i...w 
Imhm 1.1 tint 4-,.ti>*l<l*T(itl.ni <.f luxly rinMmtre. 

\T<* iV tojilinurif) 



\Thr itflf..r. arr Hot mponxthti- fur ttatttnml* wirtrf. 
iA /il.' 1. <*^i Mp*.nif.'n.-.' uilMmrt, .Iaii.iil<mi..it« r.^iHiiinil- 
rir/M.M. .-^mju.J l.r .v.**).'''.**'. A.|lf fa. a.im.ii ».f rf.nv- 
.jiM.aif. pfM riJ/ A., trifaar/if rrnrn v. df..lrrif.| 

The Uw of Graphite in Stmm Boikrri 

T.i llir f>:i|jt..r ..f Hip Si wK.irtr Ahcih in Krrpu:MRNT: 
1 111 I*.*. :_v i.f y.uir s.-ii:m ii'h Aui-sh-aih Si pm.i:- 
-i >t N... .1111. <l;ilr.l Jul- 1Mb. IIII I. Ih. n- apiH-arx nn 
urllrU', fiilllb.l "lira). hit.- Aciilugt Knrrliw," ub.TPln It 
l« llilliiuilP.1 Hint llu. ir». «.f _ni|.lillp III a I mm |a4 H '» u* 
11 will.- r«-m«ly ..rlitliintp.1 In lipriuiiiij . W« l«i; to Infunn 
y..u lluil llu- 1 11K1.I Sluli^i iJni|.til1i > i , «.ni[uiiiy illtfYivc-r.'.l 
IIiIm ii.-w lisp f..r aui-lilff .mil vi. -rp tlu. rtr-d t.» .aTpr It 
f.tp K.-.I.- f..r HiIh ).tir|M.m.. Tin' IiIpii ..f ii-inn lir.ltihllp 
«_ n l».il< r —■jiI.' H-tiMNly vim UrM l.r..iii:lit H. ..nr niton 
11.41 l.y ..hp ..f llio l«^-t suair [ililnls i-iNTiitlni; In f..l.^ 
mil., wlil.li .iik-i!pii.iiI 11 t-Tiiil .hill <4 tr..nl.|p In HiIh 
iIItp. II..!.. iilxl h. i-.i»IIh_ i.U.iil r..r .1. i«..p|.l.l- ri'lil.'V- 
ln^ i.ic.'lil ^.-iirMt. ilirxllicU ..nr IN-Hipr |.nii..-li. «.rnp nf 
IIm* irr.ii.lillp v. Iil'-li up inirip In M.-xle... n n.l lrlp.1 ll Willi 
^lli'b »-\c»-Hpl.l l.->illl Hint Vl«- tli.-ll. t-n mir .twn iipi-mint, 
iii.iiIp tl «fp:ll imlliy p\tl!lll*f lip l.>l>- In :i noilllM-r i.f 
IN.upr |.l;.niH. |n.-li,.lip ,,f ..nr i.wti Ihtp in ^aiclliaiv. 

nlH-rp f.^il w.ili-r u-miilly I.111L 

Tlu' r.— nils f..|l.mli]|.' Ilil. Invisllirall .il wpip i» 
mill kjiil.', 1111.I II11.II111: M. a Ira n _r.i|.lil|p 1.. 1^. ..f nil 

L'n.|.lill. Hip l.-C |.|h-I.-.II. ,.|m|.|.^I f..r tllln u», np 
i^.ruiii.-iti'1-.l I.. p\|.l..ll II in Hint ll.-lil with v.-ry ri'innrk 
»ImV simn.w. IMtiii Sun, llnvptlirl l'..«ii »Nv 

s^.-liMU, MU h 



I A (I.MOII), 

nf -f- 1<wtt piHinHii. If wr ajMumi* ilmt tlvp 

2 :k 

tiinp ivqulnxl w nnp tiun.lrwltti nl a ««jnil. Hip bnrae- 

IK 

If, (l.«W), 100 



— X X 

1.1 x 2W.imti.rNio 



:tn.oi«i 

IOS.tltI) h.p. 



•J x :)2 x ;...•«» 

Nhi|<d* pinn KTiwIly .m .i'il HiIk, Hi.' Klinl wpighing aa 
mwli as 1,100 iM.nii.l-. anil ha vine a niuali- rrlnpity nf 
3.(100 ft.-! |mt wpr-nnd. If wp tvipjmr, as Mart-, tiuit the 
abut uilca line- huiulriillh ..f a ape mil In nurli tbp muxxk. 
(it |imlial.ly Uiki* rulhi'r lun«^4'i, ir hnvp fur flip h.-n«^ 



I, p. 



1. 114) x (».ii»>,iii»i x 11m 



U'K viImJi t.. p;«ll »tr.'till..li In It..' Tint Mint Wr nrp In A 
|MM|li..ti in rpnili-r i-mniu'lpnt p.tyIpps In pvpry limni'lt 
of (wti'lit nr trailp-nuirk n-i^k. ibir slnff bi p.ini|a.-^.l 
nf inii'luinlrill. I'L.-Il'lrtil Jilifl p.ipiiiIpiiI pxit-rlM, tlniT- 
i^i«hl.v tniltpil I., im-iinrp nial |.n™nilp all ihiIpdi a|p 
lillfUlbKia. IrnwiaH'lhv i.f Ihr .--iiil.l.l uaturr nf lllr 
««t>Jp«1 inaftiT lnv<.Iv.tl. or ..f tlu- anrrliillinl, fi-clililrtil. 
iw wl.-iillllr kii..wlpili.%' n.iuln.l Ibprpf.ir. 

Wp hIhi. Imvp nw«N'l^|pn tlirviuutlnllt IhP VlnrUl, wbn 
aK*ta hi tin- |ir.pni'iilli4i of |4itplit iilwl (nliip murk n|i- 
lillpiilb.iK bl.il In all iinqnfrlpv. f.m.|i;n In llu- l ; nl|pd 
. Slut.*. 

Ml N« * I'll, 
fill, nl K.Jl. lf.M-4, 

.'■471 Itr.iiHlwiiy. 
Npw Y.wk. N Y. 

HniHPli iifllpi. : 

•«.'. K Mni'l. N. W.. 

li. <i 
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Katpr»l at iv-t iiaV.. .t N... York. N. T H-.->~] i hu. M.ln r 
ro|.,rUlll ll'lt I.f U.na * I .,, Iiir 



Tap 

SplpntlOr AiiiprkaB »v|.|.l"in"nl (.-Mal'lUlipa IHTlll i»t tvr »5.nn 
Krlpntlllp .VwrTlaa .^i,l.n..,...l l».r.| . . 3uu 

.\i.Mrl.^u II.iiupi Bad ll.r-Srs. aim 

TIip ri.nit.lnnl vutanrlirfloD ml** an.) r.tp. to forplirn f..unliv«. 
lu. Iil'lviw I aiikitn. will tw furm^-il alNUi MM<ll<alh'ii 
Kpll.lt t'.v |N„1.I .tr .'\i.rvM. 111 y ..nl.-r. Mink ilr.fl 4.1 .'l.prk 

Munn & Co.. Inc., 361 Broe»dw«y. N«w York 



The pwijww ../ tlu- Sui>i>hn» nt in to jikMmA 
frVc NJi.r r' imiHiiliinl tiNw.um i nit nl* nf ilinliH 
ijuikIiiiI /r i/iihW..</i«I.«, in i/i;/>«< aii/Ht'^iviNf arti- 
i lea Ihul ii/i/wne in rV«rri/«iin imliliruli'mn, ami 
ullofii Ihtr to nfint I hi u»t*l ndraniiit Ikumjhl 
in « inn/ ruilnWi.t/ thiumjhuut the in.r/J. 



The Horsepower of • Cannon 

A u..i.i.iiN tl.-til 4,1111 linn.: n I .VrMHind shot villi n 
t4iii££|p ily nf l.tioo fn;i piT u-poml givtsi ii. an pniepy 



St.llar lt..lliitl.io. ThpraKvalpiirlr llnrnin t'U o/.— 

II. A. II. lf«n.l. -1 lIliiKlrnllpi.. . . in 

lliittl.«lil|i nuI Hul«ctlllH Alt.'k Wll 

A.IL.a of M.n, Tl^ i:.«lm;l.-.l. Hy I'.ul I'.miU-i W 

lf,.l. nr.- ilul|..il ..f O*. ViitrUI . V9 

Tatl.lDP Itv.ln, ti-.l. |.'v. I..|i....'iit ..1 111.' Wk-IIiik- 

IKMa-. » lll.li.lt.il. ..lis . JIMI 
l.llOliili.K .i<mI It. I .»■>». r. Ill R.i) |j>o»»~t'i- 1 Ilia. 

trrtlp.n ....... III'.' 

I»i.l..t«.i*. "1 Hi*- I'lrin»t. mipI SMt.nill.", Tl..' I^w ..f . . In': 

Al. ..I...I ff..m H ...I In l 

lh..-4 Ml Ki. Tb.Hua*. 'rw N.'ti I'.nllnt: lu *" T I4.i-..u 

7 Ulii.lrnll..li. H»4 

It.- ..r.l Ax.ln llr..k. it, 'I'l..' AI1II...L.' 1IC 

lly.lrj.lll. I'.m.r I'l.it.r.. A (*tinii* 'I'.ii.l. (or - a llluj. 

ln.lH.ii. . m'< 

Vlnr,, Tl..- Ill.l.ll.' >'f a lll<Htritl..p-. inn 

n.r.-iv i« v. r..|.i.im*. K.^nii "f rir.i i'..n:.-,i n. Kr»n.* 

f-t 1 UliLlrattua ... - Il« 

<• l,u.—. !(.- ..I.llliu Vl.-.i.llpl.l »ml \.«IH Hi Al.-i 

.n.l-r M. l.ll. 4 ll|..<lr.iH..n. lira 

I'lTlliB U.i.l.l...' Ii.'ln J li i:^tl.".tll.i: «»a.lF..IM. Tt.' 

II. Ill I r..l- Pi.a, U II II .II.. I..-I. I II. Ill«. 

H..II..II- HI' 

■ lp.i.l.llp lu M.-.in H..n.r^. TIh- I .. ..a ll.' 

Ilur :f |.....»r ..C a I'.uuoli. Tap II-' 
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TKt' dVcoy* luring * battleship toward waiting nubmirinri. 

iMirtiiii r«rvnl miiMUivm aurwad tw* *uau*.riura, working In nmjuuii um w.iti 1 « ■ <l> -1 1 oj^ra. furuu*d a plaa tu "Uik" ■» *w*tuf. Tto difrlruyi-rn wvat out an i|*mjg (■> riittcc tW 
rttrmf to follow ttirm, and miriwijml la iffttla* m lila* r-rulwr to glvp rhaiw. TW mum* t*k*u ltd In » i-oavt-ulciil jkmIUuii from wlilHi ttif «tilmiurlm , « rontd riVtlv*r a point lilnak attarfc. 




Showing how a Kohninrla*, t.j m«*nt> nf a l»n« *par hMhffl 



A Hubmarine attack on a protected harbor. 

to Ita luptratrarlvr*. wa* a Me to plar* a asla* whirl* roamplHttlr tVwtntjt-d a nrt aiitl fcoom that «-u aii|io»acil tu tt» •must))? 
protect a harbor from anhmartoc attack*. 




Submarine-* confining dnadnnughu to Itarbair. 
SUBMARINE AND URKAUNUt'tiHT. — [H« p.g« US.) 
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,1'rotetlion of ItaUlrahipB Axrirul 
Attack* 

By Sir Mn n. nil*.. U.U.. D.Se. 
In th«» Institution we have a weeun* ground 



■ ir the 



«<flj*tiil.v unhand. Ibe ojiiietton of ifcectivcly protii'tioi: 
Ibe battlchip ugnilltil nmlcr-walcr allack wecms lo be 
dincrvmg ut iwilhulfcu. unless. l»BW« is ready with 
a ron^rcply to the submarine. 

(IW naturally is first met with the question: What 
about tin weight of such jirot^-tM.ii? The same question 
nui, of course, be asked lit the same altitude of iniiid 
uIk>ui any weights until in a shipior the purines o( atlnck 
M defense. \\ hut aiiout the Wright or armor to k(ep out 
abut'.' The lblekuc»« ami extent of prolcdion ought to 
lie pwjnrttllllll t" Ibe liability to be hit and the damage 
•luno when hit. Thia principle is given effect to when 
distributing armor protection over a ship to nwst pin 
fire. What is the relative .hii.-mg. don- by » IJUwth 
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"bill :iud a '.'l-lni'li tor|a<do. arid what a* the relative, 
liability to be hit by uueac |irojcctiUw? A diatiiiguitihfd 
gunner told you in thin Institution ui Aiaril that a modern 
battleship will lie destroyed by gun fire in live minuter 
after lighting range luu Ixira reached. 'Hie submarine 
officer will tell you ho can get • torpi-do into any ship 
that be ran see and can get within the range of ho. tor- 
imlo. Tim battleship ran hit hack ai hia enemy hatlle- 
■Up, but ean do nothing by himself against the sub- 
marine. What is the liubilily lo )»■ hit in the two .-aw,,? 
fan the siibmnrinc find tbe battleship an surely an the 
enemy battleship ran! In other word*, what is the rela- 
tive liability to be hit hy the two methods erf attack? 
Thin i» f« tlso naval olBeer to tatl ««. if he ean. If tlio 
relative liability bt be hit ia Miflleiently gn«t to warrnnt 
full eonmh'ratioli or the relative damage, we »hall al»o 
one nwHiably may. 
will be done hy the raplocion 
of a torpedo, the next qileation i«: What ran he done to 
prevent or NerioiD.lv to rvdue* thia damage? Subdivision 
natimilly suggt^t'* iuelf aa one nuiaiiti *4 mininii7ing the 
• fTeet of this damage, hut when all tltal is possible m tltta 
dirwliou liar been done, there aecio- to be no great cer- 
tainly that a battteahip will be atiU a formidable fightiiw 
maehine after having received the .ueeearful eonla.t ev- 
pl.wion of a 21-ineh torp«lo. fun we Ho ajiylhing in 
addiium to HMivtaion In preserve the ship for erTeeLiu- 
llghting purpiwin* 

Armor on Ibe bottom uf wamhiiw lias been pro|>oae<l 
hy rei>|H>n>ili|e t»Tsoiw. Sir K. J. Ke«^l and General Sir 
Jolui I'rvaae. It.M.A., during their uvea made definite 
propoaals of thia ehanw ter. hut they have never been 
adopted on the outaidex of ahipa, partly for the reason 
that, jxre t Utu» to the Hiibniarine, the torpedo-carrying 
vc»sel ho* bi-«ii effeetively atiawered by the gull, aud 
liecaiiw- the n-i»ilng nualili.-s uf a 
to nttaek by torp«loiK, have not Y 
well known. The effective advent of Ihn aubmarinr aeemn 
to jurtify a aerioiu consideration of tlwi quralion of apply- 
ing ura.or to the lxittonm of nhtp^ 

Tbe i|iho.iUiii of the weight of mich armor ruu.t W 
aeriou*. ami obv iollvly tin* aihlitlon of BUeh weight mtnuut 
twi made without KiTOe uhanrea and •acrioeea. Tu aonw 
it tony wm that the readmt way uj approach tbia prub- 
I. in in to clothe the bottom uf a 25.000-ton battleship of 
the latest jiatteni with armor, and to increase her fullneaa 
tfuAViently to allow her to carry thia armor, lotting 
everything else remain unaltered. The only con 
effect will be to reduce tlw a|>ml by two knnta. 
Thk is a dir*-l and simple in^i- is the gain in | 



htutt'Mtmn. we MVAl ollirrr. mtil rhr *liip wn*tnielir, 
T\w ftrst tlirwlt tlir NpMtmJ. anil lit** tlkirtl *u|t|»Uin t hi* 
•ect.uid with hi* nwi|H>n. \\\- *.hifi ii'tt-trurtnr* un* *QW 
tiiiit- uVi'ti into Ihr .-ijntlilcix*.. ,4 (lit* iiauil oiIKk-t, »nd 
ir> In niwl-r>UiMl a*. iiiimIi as »« c»a -if th«* natiint 
ut the otHfuu* dills'-, whtwh h«' liii* to pi*rfurn.- WV *»f 
inlil that 11m- iinv.v cxihU to krr-]> t)u* oominiuul uf tin- 
hi'H. anil th»l i'Min:njuu.i of the U mvir-^.rv for its 
fmnliHa. T<» k«*p the tMin.mtLiMl it t- il.-tmbli fHtnti- 
*my t ih*<-w»ry to dbravrr tuul Jwitmy tliv t-fiwny'n 
BMOmUp^ miim't-ei, iWtroytTn. sahiiutfteMb 
nil h* i'»ue.it iiml diwlMgrad «r eapturtil. nn.l, 
M|uaJly. all mint l*> '»in*li|p of rcsiistinp d<strui'tii>ii or 
rupture. In the two diiiU'tuMinf. repr« ^i>nt«l by tlu< 
HlirfaVriT <if tlii! sru. with equal jh>vm r« of \itatrti, K^ttiui* 
within (bvlntytajr; di*-tww-c i* u qm^Utui <>f >]Hi-d. mid 
d**lrw:tion i* a matter of superiority or tttUrk over the 
defrtme- The liomiimtinr ui^.jm.d ut attack ha* BOM 
pun, aud the <l*<feo#»' a«uiiiHt it Ihvii pnM'lieaHy **H 
aliove irvat-r. l»ijui-e ihvrv it.t at lurk hax hewi niaiW'. 
Tbe toi-|»rd'j-bt»a. mimI, later, the destroyer , hanod<-li>rmJ 
their iuaiii uttai'k l«'!ow watir, hut tlae atta^kfl ship L* 
hvUi to he rjuitr eu|>ahU> of delnerini! a nuiuter atvaek 
hy irutv aboto waic-r. wliM-h t» ah advttuat*' tvply to the 
d«vtro>«r. Tlu- attack of tlm -uhiiuiriiio 4» mlw.Uy ktkm 
water, and art far th« attaeke*! sJup has ite.elupmJ no 
< (Teeti\e n ]tl> i«f itM own. The iMi tmr nRttiriht the tfuti 
is urnior and other etintt. Tin rh*fi-iim' airaiii*<t tlie ih*- 
*tro>4T** loriml" -< the Run. whteh U quite ui-rlTeeti.o 
»tfajiLi: th«- MuhniariDT. The t|ii.-tiun of int-tn**t at tbe 
moment is: What lieicnac «-uii the «irfii»-»- *hip ha\e 
against tin- jiiil'mariitwT'B torimloT 

Then; <-an lie- only two foriiM of defeiiHe. Pirxt, tlio 
di-tntetiiMi of the ftuhniarine hy other .fwk mihiru»riii»' 
or ollwtrn. S*e.tnd, llio |-t*otoetion of tbe Uotlom of thv 
surfiir* 4tk|M fn»in the effecU of und<r-»atcr attack. The 
tirxt. the divtmetium of the «mh tuarine, U obviuith; not 
the work ff a httlltenhip ta larye eruwer, hut must he- left 
to doriiL- Vf-wel of the nnnm oediT of *i/.e ax lh*> «uh~ 
uiariiw. This de«tr.ietion must h** ht on th*> mirfa/* 
»lwti the submarine is not HuljiiiHrvMt, for it t**>m* im- 
prohnl h- thai a unhrnarim* u tll he aide to rhnne another 
aftaeUv*t]l Ml*? HM VatVfT. In Mrj psv, llie nWm 
mill In- ttanici rniis to tin- larce Mirfai-t- fhlp until^it ta 
d«>tro>e*l ( and, a» Uie mean*, of de>lni« inin nn- not yet 

•|-a|Mr n *l t. f L «- th.> I..«o.iiU... «f \»«| Ai*rtWI«*U. M 

N.».T*li.; .mi Jul, llli. I'M i 
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taction worth tin- Im of apeed? This in for the unial 
officer to decide. The constructor will naturally find 
difficulties in the way of attaching aneh irmof protection, 
but lit ha* surmounted difficulties More, and if the nav nl 
officer thinks tho rwnlt worth attaining, the difficulties 
will doobllees lit- overcome. 

It ia not alwnya that tile readiest wit)' of nppruschuu: 
a prnMrtn gives the best rcult. One of tho character- 
istic ol our latest haltSr*d.ips in that their form, have a 
low reeistanif to forward motion. If & form is produced 
which is better adapt ml to fittimt and carrying arnvor, 
llvmigh it »m> involve grrnter resistance or less speed, it 
may mi the wluilo Ixi lieitor to adopt such a form. It 
may ba interest ing login- an butancr or two of tin' *]i)>tl- 
eation of |kk principle. Admiral Sir rteginald Custance 
has taken us Into his confidence about some «f his v le«> 
on the principles which h« think* should umUiriie naval 
design. His appreciation of lower speed* and smaller 
displacement* led me to work out what appeared to me 
to be a limiting ease of hia vk-wa, Ixit combined with these 
characteristics wu aaaoeiated in this cane an armored 
protection from torpedo attack. The principal elements 
of the i 

at ti 
HI n 

HI II 

Wit. 

I In Us* WJM 

I« ki-l- 

all la In . 

Cha aasc at W. L 10 la. 

Above W. L a In. 

Bda. W.I Ik 

tNi harls-ltsa 13 In. 

TWramna nr protective ilecfc-alalliia 3 In. 

Thia venrl may be considered n» one which could not 
he expected to find Ibe enemy tlllliw he happened to In' 
buttled up somewhere, but euuld Iw U«* careful than an 
ordinary hnttlcebip abouL coming out of port on I 
of the fear of suhmarinc*. The sixe and cost of thia ve 
should he itntall enough to satisfy the desires of , 
Sir Kegiuald Custance, but it is doubtful 
would Iw altogether satisfactory to him. 

I want of faith in t 

nets? I 

actcristics of the first, but I 
regard of i 
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a of lain 

This vessel is of 
Nelson." which ia, 



design, but the armor has boon reduced m that it will 
only keep out lUie li |>rojoettles. Sir Keginold's view is 
that none of our ship* have armor that will do more, 
and, that being so. this ship may he considered an suffi- 
ciently weU armored al«ve the water-line. All the sec- 
tions below the water-tine are straight, with a circular 
an- at the end. Thia fonn baa been adopted to simplify 
the armor construction of the bottom. It is fully recog- 
nised that such a design outrages the convictions of the 
economist*, to whose ranks I want to belong, because 
ships of suuh sue do not produce the greatest number of 
guns for a given ex|*nditure- But if we are to he sub- 
jected to the ready loss of slop, by submarines, we may 
have to be prepared to sacritlee same gvin power for our 
expenditure, and get oor recompense in the greater 
number of ships and guns remaining afloat after the sul>- 
marine has done its work. It in very rash on the part 
of a mere naval architect to attempt to resell any eon- 



,rrt: 



"Lord 

I aervea. called a dread - 
. b about the name as the first 





With a view of enabling thoap who do not believe in 
reducing tbe upper armor of a ship, nor in such a low 
speed as IH knob*, another diwign has lieen considered in 
I ia annoreil. and is of a form aimitar to 
design, but in which the speed, armor, and 
armament are of tbe same order as the dreadnought*. 
Such a vessel could take her place in the Unit or second 
battle squadron, and would liave armored protection 
against torpedoes. The principal elements are as follows: 

'Zu»i! Mm p^ii'aiaWliia'.'.'.'.' arort 

Breadth, csueaw 91 It. 

Draught U waur 2* It- * to. 

a— suoo 

MrMIIII ^1 kllU*I* 

In IV4».J 

• •twT 10 hi. 

V. L. 7I» tujiirtln 

' W. L A In. 

J to. 

13 to. 

■ of pcjuiU.c uWh-isVUv 3 in. 



1. Ia I 

■fatal to justify its adoption in hsttleahipa of the ela« 
Of tl»o Uter djeadnoughteT 

2. Ii the submarine menace of aufhVient importance 
justify the adoption or 4-inch armor protection on the 
Iwttoin? 

a. 

justify the building of smaller, slower battleabips of, my. 
lii.iHHI Ums displsss'mint. of IS knots, having six bjM v 
gnus oach insteiul of eight or o-n n> in the larger ships? 

-4- Is tbe method of iipidyiug anikor to the lutttoiii of 
aiiflh-ient value in itsrir to )ii"tify the adoption of u form 
of ship which offers grculer reeistaws' than tho lanliltary 




Tbeae are some of the points which suggest theinwlves 
for diaeusaion. The form and arrangciiM-nt of existing 
ahips, though not revenh-d to us by the Admiralty , may 
he eonsidfffisi, for this |eirpiNs>, as sufficiently well known 
to many to make it utiniss'«oiry b>r a thinl design to have 
lws-n einlHalied iu this |gi]sr. If it sleoibt •..in to 1«< 
dreiral*-. further, to consider this qtl««tk>n of pn.t.s-ting 
Itottk-diip* rr.im suhnLarim- utlai'k. it will Iss iwowy 
to determine by exptrriment the efleel of the explosion 
of a torpisil) ujsiri armor attached to a ship. If the sub- 
marine menace is judged to he really serious, the necessity 
for carrying out inch. 
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Fig. I. — Kail road tunnel piercing nearly vrrliral layer of Lre ronglosi 
crate ncmr Big Stone Gap, Va. 



2. — Typical acenr in (.etcher Coanly, Ky., sheaving hag cabin and 
path !»-jtdiun lo coal opening in the mountain aide. 



Coal and Its By- Products — V 

How, and of What Coal Was Formed, and Some Account of Its Utilization 



Tirana have been listed and described perhaps several 
hundred thousand organic eomjajunila, practically all of 
which ran he obtained directly or indirectly fmui the 
decomposition tif i*i >*l hy boat. 

Curtwtt, oxygen, hydrogen, nitrogen, sulphur, phos- 
phorus, and the halogens art* nuntud constituents of 
ordinary coal, so that all compound* containing any or 
all uf these rtjladaoces, in any proportion, ant poasihlc 
direct by-product* uf coal. Cool also at Li nun contains 
unusual constituents such an the ram elements in the ash. 
I'Vrfi gold and radium. We have known a coal ash to 
militant so much gold that tlut poasihility ww considered 
uf treating ita aah aft*ir burning, aa a gold am. There 
am seam* <if eoal in southern Indiana and eastern Keu- 
tiiulty whieh contain iron ore, Tlw aah of mnw coals in 
western Pennsylvania and eastern Kentucky makes an 
«-xceJlant high-grade, refractory fire-clay. One uf tlw 
principal coal watim in lllinoia eonaivta of au upper bench 
of Limestone. 

But tbit true by-products of cool arc the organic, 
products, and they on* ao numerous that it would weary 
you to mention even all their group names. Add bases, 
alkaloids, alcohols, gums, varnishes, solvents, sugars, 
aa)H>barin«, and stuffs aa hitter aa Haccharine ia a wee I, 
disinfectants, dye stuffs of brilltant hueti, stimulating or 
sleep- producing drugs, healing medicine* and violent 
poisons, vile odora and pleasing perfumes, are all by 
imxtueta from the carbonization of cool. 

But I muat not weary you with the recital of t heart 
product* and their nature, for I wish U> constrlcT tlw* 
nature, of ooal itself. 

In order more clearly to understand wliat coal is, we 
musi look Into Ha origin. 

* Presented at the me* tin* of the MeeUon of PhrsfcM and Chum- 
Mr) of (he franklin I no it me ami puUV»h«i in It* Jwnil. 



By Louis Cleveland Jones, Ph.D. 

RAftLY ATMOaPHBRB OF THE lARTH. 

A generation ago it wo» not good science to talk inoi-li 
alaiut tranatnutation. However, after the recent accom- 
plishment* of Madam Curie, Sir William Crooks, IVof. 
Ktitherford. and others, tranamutatiun has la*en brought 
again into the realm of science. 

After the primordial substance had lawn transmuted 
Into taunt' eighty protect well-known dements, and those 
were still in the condition uf vapor uneondenaed, th«m 
waa present, fortunately, aultteient oxygen lo combine 
with all the other element* which eared to aaaoeiate with 
it, and just a little mora. Thcae vapors cooled and eon- 
denaed to a molten masa in the form of a aphcrc— -our 
earth, Forty-five per cent of tlio earth 'a crust, aay one 
quarter of the whole weight of this sphere the earth 
la re | ire wen ted by the oxygen which has combined with 
other clenienta to form rocks and water. On* quarter of 
the weight of the earth represent* 32 bUlion trillion tons 
of oxygen, and there waa left over uneombtned in our 
atmosphere 670 trillion tons, or only two millionth* of 
one per cent of the total. Ko you ace that it ia by a rather 
olose margin that we now have enough oxygen in our 
air tu enable human beings to live. 

The earth, now cooled to the condition of a fairly homo- 
geneous fused niaas of rocks, may be compared with a 
tank of fluid melted glaaa, composed of impure mixed 
silicate* with an nxeeaa of silica, about 75 per cent of the 
total weight of tbn earth's crust, while the mixture in an 
ordinary ghw* furnace eontains also about the aaxne per- 
centage (70 to 75 per cent) of silica. 

Above this fused maas was an atmosphere containing 
the present amount of air (nitrogen and oxygen), and 
also na steam all the water now condensed in the ocean, 
and all the carbon dioxide now nixed in the form of lime- 
atone (calcium carbonate!. Then' was also present, of 



cnur**\ in that atmitephcrc, relatively small amounts of 
-iilphur ail' I halogen*, mucc depu*itrd a* salts. 

A rough eetimute indicates that the total aim Hint of 
wulcr now in the world, if evenly distributed, would cover 
all the earth's surface lOJgNkfeet deep (any 3.1)00 meters J. 1 
Likewise the limestone deptMita of the earth's surface an*, 
on the average, 0,000 feet (aay 1X00 meters) deep. 

On this basis, then, and Motce one atmosphere equals 
10 tons per square meter of surface. «e can readily ni- 
di late that, wilb all the water as va|Kir. and all the i-artam 
dii>xt<le us gas in the atmixphi re, tin- pnsHire UfaMi the 
earth's surface would la- enormous, i. c. : 
•s3tg| atmusplu^i'a water vajmr. 
2IN> atmusplurea .-arlum diovide. 
1 atmivphvrv nitrogen ami oxygen. 

Thus the earth's atmuaphrre waa c*>mpiiaod, by volume, 

°f Pte CM 

Steam 7*. 2 

Carbon dioxide gas. 20 4 

Air (oxygen and nitntgen). . , .35 

all untie* a preaiuro of aay ftOO atatwapbt-rea, or 7JSSQ 
pounils per square inch. Under theae eonditions cooling 
was rapid, duo to the continuous condensation of water 
vapor high in tlw atmosphere, and ita re-evaporation 
lom-er down. 

When the earth's crust became sufficiently cool the 
solid granite masses, thrust up by contraction, were 
violently attacked hy this truperluated steam and carbon 
dioxide under tremendous pressure. Oeeomposititwi of 
the granite was rapid, with N»rmation of shales (alu- 
minium silicates} and bases (alkalies and alkaline earths) 
from feldspars, and sandstone* (silica) from quart/.. 
Cooling continued below the tattling- point of water so 

• Otsfliaucd horn aviraau depth ut .mo. m 4li.imliin| hy 
uu-**uml spent of vuleanlr Uilal ma^iui the rwflMa 





I'ig. J. — Tar thiekeat opening in Klkhoru seam. Kentucky. The horse 
ia alandlng on a le>el with the laultom of the real seam. 



Kig, I, — Kurkel rahlc line bringing coal arm** a valley ia eawtcra 
IVanaylvnnla. 
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that nxwt of the water condensed, leaving a moist 
atmosphere ftnnUiniiur principally <*0|, I. c, over {18 per 
oent of COt, Mid Iran than 2 per cent of nitrogen and 
oxygen toother. 

In those warm waters ahales and sandstone* ww «m1>- 
nu'DUxt, owl at tin- same time limp from the 6W>m posed 
granite* wu carbonated or bl.*arl*.nnted and deposited 
lo form the t'Donnouv limestone beds of the ireo}tif£ir tier* 
praotdinfT the coa.c-forniinjr era. 

Since mir limestone deposit* on- generally sedimentary 
it in ... iiji nt that much water had eond*, ns* il before 'ho 
groat hulk <>f lh» carbon dioxide, wu taken from tho air 
by the ^«N»m posing ir/unite*. At any rate, in thin 
manner, at the same lime water was rondcrucd, ur Kul*e» 
qitenfly, the formation of limestone (pcuwthjy, an Dana 
say*, by means of animal or vi-tfetable 4ri^nism*), with 
absorption of carbon dioxinV, continued until, with de- 
creased tmipvratiirn and dorro*«<i amounts of carbon 
dioxide in tbu air. plant and animal life U«rantti possible. 
KxperimcnU indicate that plant* of our time will not 
thrive in an aUmmphcre nintainiui; inw than in prr 
oral of rarlKin dioxide, hill that they du Item-fit consider- 
ably by percentages higher than normally present in 
our air. Certainly in the enrtMMiilYrous era plant life 
flniirihh*-.! an never brfuro or linrf, due to a warm, moist 
climate, and probably also to high atmo»phrrir> procure* , 
and particularly in tfie pros, net • of u t.iod.i-alely high 
percentage of earbon dioxide, hsutjhly also flu- highly 
carbonated earth waters, hh reeen' < K\« t t ttl- Miggi-t, 
stimulated a luxuriant growth of . rccurvim 



and the same amount Irra of oxygen than at present. * 

rMTCYUATIfiNa Or PAR BON ntOXinr IX THE ATMOarilEIlK.. 

How much oarbon dioxide has been absorbed by cran- 
io deoom posed since the beginning of the carlyinif*-n>ii»> 
ace la nut readily determined, but the larger amount 
present at that time, hondox directly giving richer food 
la plant life, haa boon oonaidrred miffleient to so modify 
climate an to amount for the tropical conditions prevalent 
At that time. 

Arrhwtufl and Chamberlain have attempted to explain 
the known fluctuations of climate as indicated by etacia- 
tion by <*»rro«po«ditiir fluctuations is Uie earbon dioxide 
of the atmosphere, But a sufficient eauae for such 
change* in the amount of earbon dioxide to hard to And. 
We may estimate the earth's water lo contain porhar* 
seven parts oarbon dioxide per one hundred thousand, 
in the form of btearbonates, more than sufficient if trans- 
ferred to the atmosphere to supply carbon for another 
n Mil-forming epoeb, but boiling would be required to 
drive it into the atmosphere. 

The decomposition of a small portion of the limestone, 
by hc*t or otherwise, would, of course, return tho requisite 
amount of carbon dioxide to the air to Rive again to earth 
universal tn>pieal condition... Without beat, however, 
an ac»d would be required to evolve carbon dioxide, but 
no tnieh aeid suggests itself other than a rather improbable 
one, I. s_» nitrte acid, formed by oxidation of nitrogen by 
elet.'trieal diwhaxBes wliieh the earth in its history may 
have devi4i»|K<d or eneountered. 



Y\%. S^-T;pl««l drift mine In Tuk BJvrr di.lrict, Wrat Viriliil*. 



AHOll NT ur t'«HHMK IIIOXIDK IN TIIK ATU<wrilKRC IN 

COAL I I! \ 

Tho ralin of tho thirknwB ut liinevtone bedp, dopodled 
More tho beginning of the coal-foriiilne en. to the linio- 
MtoDe forrood from granite decomposed sinee, would per- 
mit Ul to oa)eiil»t« whnt amount of the 1)8 per rent of 
carbon dwildo originally procmt romained in tho at- 
mo>phcro whon our coal bods wmi formed. Such mti- 
mnien aro ratrcmely iiwhiAnlto, hot it in quiir pmlmMc- 
thnl the utiiMHiphecti of tho itoal-forming ont oirtiliiihed 
from 2 to f> per cent of earbon di'ixide. wliilo at |ir.w nl, 
an know, wo have hut 0 03 of one r»T ei^it. Furllwr- 
imire, lit i k rarhon dioxide and high tnoiHturo eioiirnt of 
the air doubtlttm brought nlwiat a more uniform dintnbii- 
tion of heat. s» that at an}' rate tropic vrgotalion 
flourished from tbo t*quator to the pideii. 

In addition to the alMorptiou of earbon dioxide during 
and »ifteo carlxiniferou* litiw* lo form liroratonea. Uio 
great aval depmili of the world have taken their carbon 
equivalent from tho earbon dioxide of tlu> atmnaphcro. 

CO, KRQriRKD TO rolIM COAL. 

A eoniniitli'e of the Twelfth International (icologieal 
OwVWd held ill Canada laid fall, ileterminod the loud 
minable mnl dopants of the world to bo at meist 7.400 
blllioii Ion*. IKiuhle tliis, or 14,800 billion tons, mar ho 
taken to mMji r>']>rc»ent all other coal in thin aaw 
beneath the ocean and in other wayii not mlnahlo. 

Now, if w« compare oar total coal deposit*, lft.OOO 
billion tons (ealeulaUd into its equivalent of carbon! 
with the 0 03 per cent of carbon dioxide mill in our 
atmosphere (equivalent to TOO hillion twin of MCbM), 
we got the striking information that the coal do|»i»n* 
of the world required and look from tho air 1 1,000 billion 
ton* "f carbon feir their production, and thorn are left 
in the air lo-d*.v but 700 billion toon of carbon, or but 
0 per cent of the total originally required to produce' tlu- 
eoal we have. In o|Imt words, no nvorc eewif ci>»ild lukve 
Uwn dc|HMtted bn-aiiRo the ruw ii.iil.rinl uiee pno tliiillv 
iwd up. This world oauiiot, tlurefore, have ■floAJsK 
e-arboiiirereius era until we bum up our present depueits, 
and whoa wo do get them burned up there will reason- 
ably be, say 0.6 per cent mors CO, in the atmosphere, 



AMOUNT OF CARBON DIOX1DK NOW IX ATUnnrHKKK 
COWSTANT. 

It would not bo unroaaonabh) to estimate that the 
ordinary growth of vegetation and forestry may consume 
400 grammes of carbon dioxide per square meter of 
surface per year, or 100 grammes -per square meter over 
the entire surface of the earth, or about 2 per cent of tho 
4,400 grammes of CO| in our present atmosphere. The 
production of earbon dioxide by tho 1, 31*1 million tons of 
ceitit tLnuitally consumed is but one seven hundredth part 
eif the! earbon dioxido already in the air. At any rate, 
the present increase or decrease of the carlsin dioxide 
in tho air is not pon-eptiblc by present means of analysis. 
Any further dccomnuMlioii of granites, though now slow, 
due to the cum|varalive small amount of tho rook exposed, 
must alsaurb a <<orrcsponding amount of carbon dioxido 

* sir tt'lltlsnv llccirhH eatculsled tae lout svlshi .f tlm cartas 
»in»«|>hrri< as IIS Mltton Ions It Is raallx IIS qulelUlksv 
poeamls or O.atN) IrtlUoa Mas. nme uunorud tUnos ate William a 
Itsurc, 



from Uie air, and when the minuloKt amount more has 
been absorbed. ei}m|Ktred with w-hat has already been 
accomplished by such deoompeHHsl granite, no more oar. 
bon dioxide will remain to sustain plant life and the earth 
will become a dead world. But granites, beeide being 
protected (covered up) from weathering, aro also decom- 
posing more slowly because of the comparatively low 
temperature and low pressure of tho atmosphere acting 
upon Ibem. Since olwvcrvalioilA have been made, net 
diminution of the carlsm dioxide in the atmosphere has 
been observed. 

xiinaslk coal MKsen:arr.s or Tur we>ntxt. 
In the following table are given tho ceial resources of 
the world, and on this basis ir will nor ho difficult to 
predict great commercial growth in such nations an 
China, whrn once she has hael a geneeatiein of technical 
odiftcation. 

The present production, however, of eoal in China, as 
given for 1910, it only a little over one half that of 
Belgium. 

cast aasoesraa or ras watioks or tua woax*. 
(In rawtlon toaa.) 
IKroni data In repert of evMnrotttse of Twetflh lnteeuaLhiual 
('eHiareasor r.n+w. CaeiiMta. ]«l:l.l 
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Kroni the following (aide, alieiaing the annual coal pro- 
duction of the priticiisvl eaiuntries <if thn world, nnst the 
table caleiilateel from it. showing the |«TTOentage iiH'rease 
111 iHXKluction by five-year periods, we are able to predict 
with some decree of certainty a comparatively early ex- 
haustion of the coal resources of the world. Tbe incom- 
plete data for the years succeeding 1910 show no falling- 
otT in this production of eoal. hut. in fart, it is already 

evident I II I' the lloNl.ld t'.Vi-vear increase will Is 

ccciiod by 1915. 

isLaasss is ton caenMirnos it mstiei rawloos 
raoa tana to ivio. 
riluaitace Increase ever prwItHi* tssiod. 
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Thus eoal pniduetion of tho world double* ever> i5' 
year*, aiul or tlte Uintod States dmibles every 1 1 years. 

On this basis, the wortd'M n-snure,** will hwl 'JSO yi*ars. 
while the United Statea at her higher iiirreastH in pro- 
duciion would exhaust her own enormous supply in I hi 
years. 

KurtlMinnore, if wo pure base, eoal lands now in ttu- 
United Stat** at rire»M-nt values, say 2 eenta per ton in 
ihujrtuund. and ehanei.) ajfainst this investment eomjsiund 
intorext at 6 per .-enf , sueh unused eoal as wn may ha.o 
tinmined in the i-nd "f I'M years nitl have eo*l uh jyjti | H -r 



Till, nr TUB JkHSrAI. COAL raoDCOTinH Of miKClPAl. COIOTHISS Of TnB WflSlSv 
i In nulltrm ton* t 

(rYotn Report of Twelfth iBtemsttonal (.i-A«c»ral <\*i«re*s. 011 i 
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ton. or my fob. tui til. the same rl«ur* that White «. 
Ilniaral paid for nod 1(10 vciir* aifn T»u cml coal 
otirmal under Ihr wmr (siuditioii* years would cost 

Ills. Ill HO.tXIO |s-r ton. Sj wi- sie lhat it is praC-it-ally 
immaterial to nur posterity whether any i-.wl last* 
year* or not. Its priis' wuuld !»• pmhibifii e. Inn of 
course pnihitiilivo prwa-« ean never hi' maintained. 
n>M_a tut: arisioii.* or r Aiiiiovimtoi s \ r.;r.T.vTio*;. 
N'iiw. we have 7.1110 billion ton* (if niinuhli' coal, bill 
nf greatly different varieties. Aim! though ou|ialilc of 
IHSndrj.-iiatr. an enormous inimln r of hy-jimdu.-ls, the siiIk 
sr»rw-e of lhe different couJs in i>ot mi my Merinos if we 
nincinln-r that each variety id" 00*1 f.|ir»-»til» only a 
different step In nature* alow imji'w <if <>msrrtitiir lit' 
vegetation of III.' i-orbonifi-nma cm into the furls so 
n,ar«ury to o,.r modern rivilixatain. 



K*«.nti»H> . therefore, onal wan originally wood 'cellu- 
lose) iO,H-..4>^.andrv«in*. now eomcrtcdin tbnaiCT-loru: 
l>Mi'Pw» of nature Into |H Hl . lignum. >.ini-bitimiinou«. 
bituminous, gas emd. siunkile** roid, srmi-anlhraeite. 
unthracitc. miihik. diumond. tun! wo mtcht »l*o place 
carbon dioxide, tbe raw material fnon which wood it 
made, nt the head of tlw M-tir*. 

It is thus i|uiu- n'mnrknlslc that mir furl coals, near 
tht> end of the M-rios, upon horning return ugtun b> Ihr 
mir nr. ciu-Imiii dbnvido, to lie converted by pliolo-ehcnirenl 
inanes-is.* n wound time into vi-grlatino (wood), and thus 
repent tin. evi l.' of thr •whotiifi'mu* a+re. lint ifisjuiirioar 
ago* are made up of cycles of ini>ompn.bfii»W<» lengthx 
of turn.: So ben- wbi-u »i- »>'l the origin of graphite 
which in found in the granites of Ihr wrrbnie age*, »'e *•» 
rnly antrwrr, m nn>vkiu» enrlioiiifrhoUii ito. 



Thin aono> of product*, with lie (volucinl and p*ln>- 
lxit*nbe&l evid<>ners of it* surccwMtn, u so r«<Mou»hl« that 
there i«n '■" little doubt that it arrurntoly n'|vn«#nl« 
sin-tent oerUtion in t lui diftVrenf of c»rl»nus«llon 

in nature'* by-pn>rtiK-t rptorf- 

Tho eaHh'» eniat c wieh a rfhwt. and the hy-produ.-t. 
have been paved in tbe forot of axphaJl, hitnnien, petro- 
leum and nnturid irait. 

Wr mnj - mlimato that ovt-r 7t* p«'r r^-ttl of 1 hi- weight 
of wiMid i* lout in Wine eoiiyrrted to conl, and, ncorihiu; 
to li*U. whieh lollnw, |H»>ilily one lialf of thin low »»« 
carbon dioxide and the other half rnmhuiililile Ka» and 
oiin. Thia oil and e«», nature'n bv-produpla, »tored 
beiurath foldii of reek s1rat«, ton»titute our preicni 
amin.'.-« of |ie1roleniD and natural e*>- 
(Is U »n(inv<d.) 



Submarine and Dreadnought 

Which Will Survivi ? Stoam BattK-shii* An- a Century Old. But Submarines An- Much Older 

Hy Willis KU-IcImt Johiixon 



Sik |>m. V S,«.n Imx Mlm-I 111.- wluilrilllle* of lllr 
norld an the; liavr ih« Ifen moved for nwiiy >tuir»; 
sllui', let il.i »nj, tlie i'|MM-linl duel between the "Mool- 
tor" and tin- "Merrlmiii-." I'or this great nmal 
iiiKlxx-il; , -me of the lilshe*! In the world, praclhutly 

liroiMiuimw like lmltlenhlln Khnolefe. The ilr Ilioiuthl* 

nod -1I1H rilrendnolichl". t-mtlui: till llllllloli ilollillv eneli, 
llnlwrtaM liaral I»>»er« lire l.niMlli* with 
:il nt tin nue of rrimi oim' to four or tin' u 
vrtir. Hii.1 viliMi are n*nr-l.>l ill Hie erlterion of n 
lutvi's slreiijeili. lmve In-eti n-hdertHl ii.irtliteH^ The 
siitiiiiiirlne hiii n'levnliil them to tin- reilbra of till' iIimIo 
II would t» folly to Imlt.l mon- of them, n ml llo-se iit- 
i-eiidy Mill! may an well tie eion-lmn-d to the nemp yard. 
TIiiik Ailtnlral Sir IVtvy Scott, to re-empluslnil r.-i»- 
tltl.in, I'lrnrly si-l* forth miu h "f wlwt wan «lil to the 
sjiuie eltis't liy n dlslhu;utslMd I'ri'lK'htniiti. Aduilfiil 
Ki'Uniler, ooisie etulit yriirn afto. 

It BiliHl Ik. isu.friioeil, pareiilhetieiilty »|«ikltii;, Hut 
one of Sir I'errjr'w antutm-nta lovain el m nu-iy 
iliM-iue. imrtteutarly when couiliit from mi ifllcer of 
the Itrtllsh nnvy. If Uie tialUUne of sulKiiiirl|.e> keeim 
on, he wiys, "it will not be mfe for n fleet to put to 
wn." lioiiMK'K* not: but when wns It ever *uife for a 
Heel to put to ton. In lime of »ir> N..I In tlte <l»y» of 
XiiIninK of Artluin. of Trafnleiir. of Siilillaio. of Tnll 
Slilniu. It «n« not «ife for Nelson lo ibi lo Trnfataar. 
or r..r i'lirniirut to enter Mobile May. Hut they dirt not 
hi'sitnle on Hint aevmint- KleetH do not put t>< for 
safety. Tht^- co out unth'liHilltijc und luilriol actually 
Mvklni; ih^dly diincer, hut intent n]ion tmiklim the 
i'iM<m> 'k ilmiici'r icriwter than their own. The .jui^rioii 
K Iben-fore. not whether MibmH rlitCB are ilann>.r.ius to 
dreaiJmniKhlK n« "f counM. they arc— bttt whether, lu 
-pile thereof, tlie dn-nilmmuhtu are still more dniiei-niiia 
to I lie enemy. 

Thiil. li.iwever, l»y the wny : for 1 inn now dlocuM.hi|l 
the reliltlre eflleieney of the tw-o clnws of irvwU The 
filer whli-h I nUli to rm-nll Is thlll If the NuliuiarlDn 
-IhmiI.I r<-|.liiee toe lailtleship we shMild rinllj t* re. 
lerlllil! to the enrlli-r «mw. sluce tile siilimilrllie onijj- 
eriibl) anleilaten the armored steam hntUcship: thoaifh 
tinth w*-re ilevljosl tiy the siime Inventive Kenlus. fhe 
Inter of the two Jil-I a liuniliiil yenrv nil". This hiiio- 
no r iivnrks the irnleivir? ..f the lirxt sleimi w^Tslil|iy 
wtilt-li n-ns also Ihe hrst iirmonil linltli-stil|\ nlto-lt its 
iirmor was ..f w.hhI, ninl wlil.li. Issmisi- ..f lis suiiim.sisI 
I.Ml.r. w ii:i 1-1 III -. . no,.! Is- r. tiir.l.sl n- III.- |.I"I..(J |S- "f 
Hie drisnlii.nirlil «-li« — Km It S« i.i- 1. 1 1 moiv llviii a 
liilPidrist ii-nrs ^ttiei- tin- firs) stil.UMlririe vessi-l wns 

I. tilh. trt.sl. mid proved to In- i-lllelelit. yi t stninift-ly 
lt-y.s-l.-il l.y a |snvi-r vi In.s.- aei-p|.tuli.>- ..f It inl^-lit tunc 
iriiiisfiiitiii-d Ho. history of the woilil. 

H.Js-rl Kulr-.ti mis ihe ..rlifinalor. In pru.-tlnil form, 
of t*.tb Ihe sul.nulrliie and tin- st.-mu Imirli-shln mid 
nlso of the l.>r|Hsl.>. the Inst imuie.1 Isllis .s<riill.i] to 
lln- utility <>r llu- sillitonrliie ami tmlissl siii,-i;.^iliii< ilie 
liii.-nlloo ..f It. liefiire Ills Htm- e\|.l.s.lvi- mines ItHd 
tss-li llsisl in uui-nl war liole the llnllle of the Kits" 
tn our revolution lint lln-y iwri- ui.-r. ly >• I n.lrlfr or 
n ij.-tw.nst fist. If r.-u.illo.sl r.-r l-'ull'ili to tleilse a 
nielh.nl of .llr.s-llou llielr ,-,.„rs.-, :.,,.| (|„-||. Utilise ,.f 
tln-lr dirlsible lll-.l-lllt. . t" till lite I hem after tile sb.s-1. 
U-iellll! Ilsll. 

So. I.... ntteui|-4s 111 sutiuuirltie ves^-ls li.v.1 Ins-rt made 
ls-r..n- TMiai. Wlllhun Iloiirts- «iiSL-est^.l ri t ..t il.-si-rlln-d 
.me ii^ fur l.n.-li is l.'.Ts; nti.1 in ti.JI I '•irt.ellus van 

IilvWs'l l» ~ii l>.l r.. lmve I. Hill -i -till, wliiel tt.l 

o-.i lint r.,iviL--it.- mill. / M .t. r fo iu « .-in.in.r. r r., 

• *>'• >• '• - .ir i. mile- . .-I :.- l..r ... ..I..- 

|.|.-..-..-il . Imii i.,, i of II iKivr la-en |.L.-~.n..! land 

II. .' rl.-llli^ il.— Tlpll,.|i* nr.- t.at v«>:iH' t" IltTold lltlj 



ilelllille Ul.,1 of lis eouslI.letli.lL Lnvld litlsblli-ll of 

I'mitipvtieui uu, more sncw«.ful, In 177ii lu- built a 
small vrt..n-l shilln-d like II turtle, which wna np|aireDLly 
not lo ffo entirely miller Ihe wilier, hut wuh t.. flout 
with tin- CI-.M "f Us vIoiim. Just atsivo Hm. Mirface, Hh 
rounded isitiiour reiMlerliii; It |.rnesj|i-nlly huprrnulilc lo 
<antn«i sliot. It was to drift with Ihe Hue lienr eiioueh 
liu- enemy s vraael to |anuli its ivcupant to thiilst an 
evploslve n-ulli>t It. Two priKlt-a) lests of the craft 
well- mail.- lo 1T77. apiliiat lliltlsli sjiliis. Tlw Arst. Ill 
Ihe lllldsi^i Hlver. wna eulll.'l) lliiKili-is-ssrill. 'Itie arc 
..nd. in Ihe r..til«istleut Ulcer, resulted III hhnvlos up 
nieiilier rowl than that liiletulrd. Bushtn-ll theft went 
(o frnnee anil ns-illiiunl His nja-rliuellls, Imt nchlevcd 
li.. further sncceaa. 

It Is nltoirelher ijnilaihh- that FuII.hi was nispialnted 
with Itushneirn device, since a pMty ik-lnllial i|esi-rl|>- 
tl..n or the hitler was imlillshcd In 17'J'.. and his own 
i<illiai>|Ment Invention uiart.'.lly resembh-d It In sevi-rnl 



ideas of the striimshlii from forlncr attempts of i*her 
meti ; ami so Morm Kot lih'an of the teleitnipll. Tlle 
CKMsntlal clreiinkstanee ta, however, that I'liltou, like 
Mors.., so itnsitly ltiipniv<a| upon Hi* plans of his prodo- 

riaisi.r» us to succeed where they fa thai i or where, at 
miy rule, tbey did Hot miorecd. 

The description of Bllshnnll's v.-h—I waa |UllilUlled In 
France In 1795. Two yeur* Inter Knlton |>r..|s«ial to 
the Kmich itiivernmeiil the construction of whul he 
enlleil a "Meehanli-al NihiIIIua." lo destroy Ihe llrlllsh 
lleet. Tbi-re arose at onee, however, a serious dlflleuiiy 
over n matter of law. Such a device W'Us rejeilialeal as 
contrary to the rules of eliilixed warfare, anil those 
<i|>enitlnB It would therefore bo outlaws noil not hi 

tltksl. Ill case of capture, t.. the Im iHI« of pilsoiiets 

of war lu order to secure protection, if poi«Hile. for 
thoio. who should nuiu the Kiihmiirlne, l'ulton stlintlnlcd 
that ihe French tr-ivrnintent should make It known I but 
If I hey were put to death It would retaliate fourfold 
lll'.li the llritlsh prisoners in Its possesion. To this 
Ihe French iro.ernmeiit demurred, lantely in tin- >ery 
pmrtlciil (.-round thnl there were more French prt-suuers 
In Hie hiuxh. "f Ihe Hi Itlsh Ihnii ItrltUh In the IuiiiiIs or 
the FreiieJi, nod th.vt tti.-r.-ri.n- in si ci^lte-t of reprisals 
lln- French would silfTcr nnisl. So || dialiin-l to id re 
conimlsatolis lu Us nnvy to the en-w of Hh- "Niilitlhls." 
illl.l tlllllll.V ri-i»el.st tbe whole sclwil.e. 

The lievt y ( air, IT!f. Fulton renewed Ills i^i^ssoiK 
Thill was tlw- year in which Wls.an destroyed the 
I'ri'och fleet at the Nile, wli.n. If ever, t'rnliis- neisleil 
nl.l tiLHlle.t tlw sen |s.wer of Hlll^ill. lie made known 
rlo- ieneral prlio-ipl". ..f 111- si-hello-, TIh- sutinu-Ttfctl 
hiatl was I', la.- .Iriv.ii lo ;i screw proia-ller. oiw-rilltal hy 
hand jstwer. It would liuvc n s.s-ial of several mlhM; 
nu hour uiul iv.uDil lie iierf.a'lty dlrl*IMe, and ciulil 
iviiuain .iitlivly nii.l. r water for an lw.ur or more A 

French iroieriltnellt .simndssl'.iu i-Xflllliui-d Into It. pro- 
li'.umed II il work of irenlns. and ria-omliieniled Us nr- 
■a-t.tniMs-. Hull tlits rocoiioii.-iiilntlon laaai ]ir.MUliil> and 
riierif.'lioallv acted lilsiii, lti-ii:i|rirle mlxlil hnvt- con- 
.|io-ia-.| laiisl.iiid aiit.l the hl«lor> ..f the world nilirht 
liiiv,. li.au chnnjial. Il.it H was not acted u|«.n. On 
liu- ■athtriii'.v. iiotlih.-.' af nil was done. 

I'oll.wi, h..w.-*.'r. ts'i-«aere.l. He l-r-saaalexl with the 
biilldtoc of n aiibnitiriue. and on July M lth. imii. 
Iitlltu1i.-.| It In the Scire ill Ibaicri. I'lve days later the 
!tl*i i.fie-ll.o". t i-l.i I w.-is ln.i-1.-. Full. in unit too oilier 
}a'rs..ti* v. • li 1 .lum. in Hie l..-ai i.i.l iv-io.-airi.il Mil. no rzial 
f"i .1.1,1 inn. HI.-- T|,. ,,,„.) iiu„. ihii r.-iu.iu..,l 

•I. .Ml t"l' :. . ' l.te. I, ll.llllll" III fC. 1,11 IH. f.s'l ..f 
The loot VVI1-- l» V f-»'l !..'.C I'OI "Illy live 

fia'l ill 



clclit. lint It wus provisl Huil It cultl sink and rb*- 
aenln. uiul Is' pni|»-llial and slti-red under wilier. 

A few days laler Killlou tisik Ihe vi-anel to lliivre and 
e\|a-rlmeiiHal wllh It III the harbor. Ilr refn'aledl.v 
reuuilnaal subinerKed at a lU-plh of fifteen feet for an 
hour or more, nomelliuca ahnie mid Mimctlm<-s with tw-o 
imsscim-ers. Also, be siieeiawfnlly dise-haritvd a torpedo 
tntaliiat a iiask uai-d as a laneef On Septriiils-r IJth he 
h-fl Havre for Iji llotfue. stwrlni: boldly acrotoi Ihe 
o|a-u M*a. nml makluj; four and a half mile* nil hour, 
tin Sisjiiiajula-r llilb he remained la-low the surface for 
»l» hours hi .uicc. druwIriK supplies of air throtnih a 
lulie. the end of which floated mam the nirfacr. Near 
Islicny Im. ulleuiitid to approach v. roc HrllUb shl|«s. 
but wi* uiiiilile to do so. He made Ihe trip to l«a 
ll.swc, however, mote ihnn ae-venty iiilh-s. In snfel>. 
and thus abundantly ilcmoisst rated the luivliEabillty ami 
the M-an-orthluess of the little craft. 

I'rom I ji lloftue he conveyed Ihe boat overlnml. on a 
curt, lo llrest, where lie luunclHal 11 again and made 
further hlithly Micyi-H-ful ca|»-rliu™is: or, rnllier, rh-m- 
olLslrallolui. for the tldtiiE hud intttatal tile merely elpeTi- 
meiitnl sIokc An old slsnsji waa act im a tanret, and he 
lU'iuollsiird It cvuiipletely with a single torpedo, at tlw- 
llrst aiteniiK. Itut at thin tunc Mores u waa vtii*,utsh. 
Inc Auslrla und Ih.uaiHirlc wan citiniurrinic Italy, nud 
the IMrrctory uralerrated Iho value of ana pamer com. 
I a re.1 with trtoniphs on Innd. So no terrua natUfae 
lory lo Fulton would he considered, and the (rent In 
veutor nntilly icave up hut elforta. lie tore Hie hull of 
the "Nautilus" to lances, broke np the machinery, and 
left ivothliii; which eisjlil itive nnyotie a hint as to how 
lo rrconslnict Hie vcaael. He retained detailed draw- 
Incs of all purl* of It, bnt be rrfuaed to show- th«c lo Ihe 
French tforerrimenr, and took snod care to keep them 
wlo-iv thai niiappnarlntlvc Issj) muld not tret leud of 
rhem. He l.wt s*wne thoilsuntls of dollars which he had 
*|a.iit from Ills own iss-kct on tbe enter|irise, Ilut 
Friuicv lost her only rluinee of tmlnliu: tlie mn>«lery of 
the sea nnd of ci.iiiiu. rl ii* her l«luud r.»-. And n little 
after Hint otnie Tnifalitar. 

Fulton then turned his attention from shlna of war 
r.. sbl|s. of commerce, and seven years later fwvolutloii- 
ix.sl iiuvtaalloii with the tTrrrootit." Hut when isur 
siH-ond war with tlrewl Uritaln rame on. be set illaait 
utiplytiu: his irnait Inveullou of stiaiin luivlieatlou to Ihe 
navy, i n.vl..ii»l) . lln- Hist rts|tilsil.- of a sieiim warship 

«n. Unit It slniild la. so an aat that tl 

la- safe fnou caiineu shol. The lanldle 
also Is- proha-tcd, which In the "I'M-noont" and oilier 
sieamem were openly expootat strnruiely ebesagh, be 
dlil hot littemH to apply Ihe screw liro|Mdler. wldch he 
had devised ami used years liefore. hut Ur-ft that for 
John Kricssi.n lu ufier years. Instead, he dealxned a 

crwfi ivhli-h so what n»cnihled a catamaran, and 

somewhat, also, n "Inch- very brnad hull with a hie 
well hole in the octiler. Ir ri-scmbled a catamarnn In 
iL-avlni; two istrallcl kcv-ls. Hut the rw,< hull-s were coli- 
it.-ai.st at ls.iv nml stern, Into a single bow and a ainide 
-tern, to a |s4nl Is-low Hm. wnler Hue. Thus the single 
hurt- puddle w-lict-l lu the cenlml space l«Mwia-u the two 
hulls was piMteetrd nt Ism and sr. ni feotll ntklng lire. 
:ih well :.s al the sides. The ship uas simply a Itn-ail 
..till llostlru buttery, w-tlh elucllie below the water line 
and wheel In a <s-iitral well hole. 

I ban h|n.Wi'|, of Ibis as all arun.n.l vca^*l. II was. 
The -idea won- ..f solid .ail. Ilml- r. fiat thick. They 
were lln,-- n> llu|a-i . b.o< ,n,.l luiprcL'iial-lo I.- Ho- ealilnm 

I, ,t It II...S.. ll-.Ts ..a :.l- ||... II l-'llirll -tee I |,|«l.- 

'I 'l-i'l .lo "hi I" Hi- projectile* "I our lllue 

Tin- >. .~.r n,is to I.. Ii.-.ivllv .ariuial. lis., will, whnt 



ui>- wen. fur that lliuo Ms 



It waa to carry tweut* 
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lim-pound ('oliimlilacbi; no called by Fulton Id bailor of 
III* friend .|.<-1 Harlow's epic, The Uolnmbluu-'' Time 
were lo l*r |>]ltml two h( tlie bo',», Iwu at lib* stem, r« »*<1 
eight uii oarh side. Moreover, It had several similar 
cons which were to la- nrod Iwlow the wuter line, us 
loriaiaaa* now discharged; Kulton'a last patent 
Ifiim for such ordnance, of course, cannon xlmta under 
water would dim curry fur: but when vctwela »<w only 
ii few feet apart, or actually touching aides, an often 
hit|Mj*-iipd In fhns« days, such lira would l*» licnicu- 
.loii-ly i-uVctlvc, 

TIiIh vcnael, named by Kulton (he "I »elDologo-»." wjs 
designed In ISJ.T, Coiigreas In March. 1*14. tillltjnrixcil 
I1» couatructlon, and Kulloii set to wink ui»u 11 
promptly. The keel was lukd lh June 2»h, lull. In tbc 
shipyard erf Ailaoi uoil Xo.li Browne, on 111* Knot Klvcr, 
Nff York, and on October ISJtb the ship was launched. 
It wn* loT feet long And TiJ feet bread, and bad V2 fe*-t 
dearth of buhL lla engine* were of 120 liorae-power. 
Pulton promised tbat II would make torn- or live mil™ 
an himr, bill It actually made fl.4 mil™, and iles-plte It* 
elnmay shape wo* very easily steered. A* It drew only 
11 feet, It could traveme uionl navlmible waters; cer- 



tainly going wherever a line of battle ship nr even u 
lilg frigate <->'Uld go. KmIIi.ii ■nndlllcil Its anuauinit. 
lioutivr, giving l( lliirlj long :i3.|H«uiilvix liuJ.arl of 
tlw Iweuly HO |Mmuder« which acre at flrsl litleialvd. 
nil- tmal t-Mt of thf ship wu* about $2HM<MI). 

'I'll* trial trl]i w ' 1 * not made until June Int. 1MT,. On 
July 4*li of tbnt your It made the .'a mile trip to Sondy 
llouh Hlid bark 111 an iivcriixc al*-ed of «4 mil™ llll 
hour; but as tlie war wllh tirinl Urlluln wna nidwl. It 
wn> not n«tlnl for noriKv- S*i It wim Laid up nt thi> 
HfiMit.l.vil iuivv yuril am ii livi'lrlnj; ^hlp, tliul ii|hiji KmI- 
imo'k ili.iitli In tbat KfliiM' >* , cir It wiiH n'lMinif^l lifter 
llltli. II hii* II_k lnvlorli^lH fiili>, on Juuv 41b. 1*20. to 
U' d^aroyt-d Uy un ucx-ldMital »*\plo?loiu wlil<-|i ulfo> t'.isl 
tin.- Urn of twi-iil) llvi. mrn. It mny l»- iiild.-d tlml the 
llrltl»b Admlrully uUo dtj;iiii, .bortly nfli-r tlw toil Minx 
of the. "lirmoloj,'!*," th<* et>iij;tnit*f1»iii of n »ti-om nar- 
kIiIp, a ».iiwp nuitkoil ilie "(^'■1l(^o, , • Hut i*ftni«o of tln- 
I'Udlnx of tot' war wllb Amt-rlia it mi ullvrnl Into a 
-aliliiK »mmI. and lu<^ rnsliu- which had bora mini- for 
It mw iwcil for iiumphut ill the I lo von port rl,x-kynr.l 

Ttn» lnt..r«it whlrti Kolton'» wnmtlp *xrtted abroad 
»»» very srent, tliouab I lie public wan not well In- 



forlBi'd. All «.irt» of ritniratant tain about tbc 
• l)Mmol.>iW cot nl.r.«.l itml witp credited. fiThiiim 
the iiiohI |iloluiv««jlv uiik Muii wlili-ti huh piililli*hiMl In 
till' /.YrwHio l.'oiinvnf of KdinlioTKll. Scothmil. Ill tin.- cllil 
of August, 1M!V an ni^'oiuit wlilrli was xlvin *'rl"ii*ly. 
from a currt-s(M(u»lont who laid inlu'ii imtna to wn-uro 

fllll II Inl ,111'lirillc lllfol'lliullol., II dOMTllM'd ilw i wl 

a- 3W1 fc't lo,,« ami •-•«! f.-.^ «id.-. with wnlb. i:i f.,^ 
thU'k. of nllcrimtr Inycp. <if «nk aud cork' It .^triod 
four KNI-|kiiim1 and forty 1^ |*<iunit Runs, iiimI hud. In 
utldltloh, a di'i li-r- fur (1l»ctuirj;iiiij timiln>t nti enemy 
iitlciDpllnv to inKir«l. Mm zulloiiH of bollliii; water n 
minute! ltut tin* crovtiiltiu 4^|Mlpn>enl of alt wan a 
iik< li.iiiKtu u lih'h 1 liTiindhbev rlnf"! nitliisM-s with 11k* 
illluiwl rvinilarlty over her ^onnulen. ni-rku aim an 
..,iiul nmiil»r of heary Iron pike* of tfrrat li'Miflh, dnrt- 
Ini; lli-in from li»-r fld»~ with piitdiirl'-UH fon>>. mal 
w Hlulru* Inji Ilie ^toie every uiiaft^r of a minute!" 

Hut luTliapn e>|.|i -nidi a vwh-I ami Itx equipment 
would not hare »ocmiit ax iimnittiis iiral u« formliuililc 
at Hint time an would me of tlio »M\* which an- fa- 

miliar .-oh i-ltio-x lu our tltne. fjuld it have bc-u 

etlilt.i1.il IbcM. 



The Itrailhinjr of IlUtfCtil 

HitiiK liih'nwllnj; nxpetlnu>iit*v on tin? renplratlon of 
innrlx have br?n unadir by J. Kckcii. im rei«irted In 

tunc wllh a hole at the cml. throuich which the alileiili-e 
are altoweil to protrude. '1'hroujtli tlu. Iwttatu of tlie 
lilhe a plu paHMoa iiliwnrd anil 1a ap|b1U'd with It* head 
afillllBt the alMloineli of the lllhect. whk-ll Ik Ibe |mrt of 
tbc body III which resqiinitiou takn place. The idoIIoiik 
of the jtln are traimmltted to n htrrr and thence to n 
■Int which tniiin » vurvp iui a *ln-ct of hlack- 




tllt' liletliod-i dpicovered hy Koch and perf»y-trd by 
lti'hrimr. Should it prove possible to npi^ly the diainuniis 
and the treatment by acnim din-etly to di».*n>e«, ir- 
n«|iective of any hactrrinl aeentx whirh may <«• may Hoi 
lie involvrd. then the whole Medical acif Jt.-e would under- 
ifo a revidution. TIiIh i- the -lartiiu: point of Ibe in-pire-l 
diaeovery of AlNU-Hialden. 

Iliw oxjafinH-nta have proved thai tlie human und the 
animal ortfaiuMn* react in the muuv idujiimt hh ai.'aiieii 

til* 1 lnvae«oil of "xrnoexlieou*." lnwlin or luiclerin, also 

by 



with a tniwlionier. II 
..|icral1on of hri'iilhlni: In 




laatrament f»r (raphically renrding the roapiralion of intweta. 



Iu--er1a duTmi from that in man and uianimflb, xen- 
crnlly. In man im4>iralloD la a muarular art, while et- 
Hralloii folluwa autumullcally. the tliorak 
allowed to avKUine Ita relaxed punltioti. 

In the caw of Inwla. thne cuudlltona are etactly 
nrreracd, expiration beluic actl.^, Inaplratlon |«i-*l»e. 

Whu«l carbon dioxide waa llitruduced Into the tula*, 
the In-ax-t berime iuicna«rlona ami all minion cnaspd. 
If thin atate of alfalra Is alkined to cantluiMi for mine 
time the naillM] dlea, If. on Ibe other hand, air In 
acaln admitted after a nxidnrata lenulh of time. It 



It waa obwrviHl that lu decapllated Inaect- l.c^itliliitt 
wa. con«ldernl.ly alowed down, wo that It ana-am that 
the brain hua au Influence u ( io» eh f rate of reparation. 

The Alydcrhaldrn Reaction for the Dbucnoaisof 
Disewe 

C'«nma»katiiMi from our special European arcnt. 

Thk futubuiM'ntal diwxiverin laf yei\i-theTii|>i'ittH.K iniule 
hy Ivohcrt Koi'b twenty yean bi fnre opened a new epoch 
ill the hirtory of medical aeienee. Koch provrrd that the 
huntan aa well aa the animal ortciuu«tn rtiacU atralivit in- 
vwtiiut lav'teria^ "x«'nu|feneoua" l»odi*a aa acieiKv calls 
, by produciiiK iwotei tive aul<st»uce». The ob>sii of 



the htood. UcmtoIIj these iralwtanii's show certain elior- 
acteriatica thai make il caay to aai'ertain their pn-aencc. 
Thua it waa found pomililc to rrcognijee cetlain inf.s'- 
liou* dlae&*e« at an caaly slago by an enamliiulion i^ the 
blood, llul the dJacovery of Kobcrt Ki« h ha" Hot only 
shown tlie way to a rapid ilmicuoaia of the luiluro of the 
illness, it has also enabled in to Befit Ihc dixwac vitb the 
aid of the protective, or betlor, annihiluliiu; subslujute 
prridueed hy nature itself. Animals are vaccinated with 
the bacteria provoking nomo spociaJ illnoss ; these niumala 
«irkeo and form in their blood certain protective aub- 
slaurvs. The blood of tlu^e arjUnaln, Imptesrnnted with 
tlieue nilattanii's. is tln-n introduced aa "acruiii M into the 
veins of human iH-inCB iufts-leil by a like ilrwtw.. Thus 
the natural weii|a<n- of ilie l»»h for finhtiiu.- tlio HIimmi 
arc laiuc aititieialK slu-tiii'llii m-il. Kor .rrtaiu ili-»-u>i-s 
tlie etirallv* results ihn> olitaiio^l ant poMtively mar- 
\eloie<, for inxtulKs', iii lU- i-iu-i of ibphtlariu, with Ilie 
"aerum" inventwi by Ki hriiu: 
Thus, oitsucal sdeoue bod fouMiil unurtJy ihiw »ay« by 



which, while created hy the orifiinlsni itself, do iwit culler 
Into the blond under oidinnry comtilions of normal 
lu-nlth. 

Kvtt> (K-t-nn of the animal oreaniam has h* own |«r- 
tieular funciiVin; in order to propcrlv carry nut this 
function, it is provided with a elnntieal and inohs ular 
ismstitiition of Ite oa-n. The liver-cells, wliu-e fuiicliona 
differ entirely from those of the luiur-cclls. are also <s,n- 
Mnicted chemically on quite a different basis. Hut the 
blood must always remain homogeneous, if it b to fulfill 
it* life-iirnscriing ta*k. Therefore, Ilie dins-rent orcoiis 
must pass on to the blond tbe di-ad cells, used up )>.v the 
|woos-<a of life, and their own priKlucta of osalntilHlion 
and dk-maainiUution in a • lieitiicaUy honioin iusius f<ino. 
To do an. 

clieroioal dccoropo»ition», each according to ila 
peculiar syttem. 

If any one organ geta out of order, such disarraiurcnicnt 
aoems to a£*ect llrst of all this procc** of decomposition. 
Port* of ItiBufflcicMly dis-innpoaed cella ur of imperfectly 
decomjajsed products of trip aaainuhuion and dinaaf.ioii- 
tation cuter Uie blood and disturb or even menace ita 
functions. Tlie organism lit once sets alanit to 
protis tive ferments raimble of finally 
eelln'oustitiienta of |he diaoaaed ortcon, 
otwl thus ronderiiur them innsa-tinits. 

It is Ibu greiil, the lunlyiiut merit of Ahdorhnlden to 
have dr-ovensj the formation of tb.1* pnit«,liv* f,f- 
biciits, and Ida merit is the greater because his discovery 
»os nol au accident, hut the rwmli of many year* of 
scciouB anil painstaking research. 

Tkt alucmery mailt ^J Abiierhaldtn irrmrt t A-<ir tJir 
er^a.sm tfojcMM* ijs evil ilfnrss autotitntualtv It rc 
mnins for us to h'arn to uiuheviaiid ju laiu-uw. And 

Ihc. di->gHia.|s Ivos Ibe -rmous loKaiitmre of l.ing iu- 

Kllili'ly luoce exai't, more rnjod, aliil dkhv ,^-ftaia 1lui.il 
sill that Inimuu art eon e\»>i attain. 

rjwli on.'au contain* *|*.*cial fiTnniiiv within iIh ■> Hh. 
Tlieue ferments are In Die most sul-th- way altuuid to 
tuo molecular oooaUlulioa of tho particular ceUHiuUlancv 



of tin- respective ortran. and show eomplclc indifference 
toward 1lw cells of other <uvaiis_ 1'ndcr nonnol ismdi- 
I kins thr»c rell-fenuenta ore only found al ihe particular 
place whir., tiny have In Ms ompluh tlseir losk, i. e., 
within the cell itself, As <asn, linwovnr, »» tlicre ap|a-arn 
iii the IiIikm) a -<iliHiaiws' villi showlm; (In. "cs-ll-eliar- 
ae1en»iio<." tlie eomeiiomlintr feritienl eJao apiieapt in 
Ilie bl'MTsl. KxjH*rinii'tlts have provinl that the prolis-tive 
fennents can often !*• fmiusl in the blood only a few hours 
after the first diRturliaiiees in Ilw function of 1hc ortran. 
The •'iKilie.-s.Tvi,^" ,4 the nrganinn works with psTfeet 
ai eurie-.v The«- fermi'tii" are, aa has lit«-n taid alwwdy, 
I'xln nvetv elianv:fer|stic Iii their effeels, diss»ni|sisillg 
only the eeli-parls of the iirifHU to whii-h they l^'lonc. 

Therifore. by the methods I'lal^irHllsl by Al lUs^iuldl-u, 
we liave tlw puesjhility uf diaglioKini; orvanic <liannU*ni 
at their very first stasre and this, aa shown by experiments 
with chemical suhatanees, very often after only a few 
days or ev en liours, while under ordinary eireumslonces, 
weeks and months, even years, may ruvpse before Iho 
effis'ts of Ibe diaorder have grown to tin- pro{>ortion of 
lislliolugiial »yntplniiis, An imaginary example, ajitln- 




uplaining of strong 
n|uuiiisl by inaomnia. 
Tbe examination reveals nn symptom permitting a 
definite diagniwis. Tho doeror Inki* n small quantity of 
hlood from the lunleni and distributes it in a numlar 
of test-tubes. Into .»eh lest-iuW i» tbeo put a isa-ce 
from a diflerelll oncllll it Ibe Miimal u™sl for the cuntroS: 
a piiss- of Isroin mutter, a piece isT liver, of the lujur. of 
the kidneys, of tlio heart. ihT the thymus and of the 
thyroid gland, as the patient's headachox may have the 
most various causes. Controlling tho teat-tubes twrnty- 
four hours lati-r it is found that, lung, liver, kidneys and 
Iveart have not Iw-en altered by the aprum but that thu 
lirain and the thyroid gland show signs of la-tug .liwne 
IMiaisl. Tliis twovea that the Wihm{ it the pntlehl con- 
tains fermeiils from tho brnin and fnim Ibe thyroid 
eland. Tlie presence i*T tliese fenrn-nta in the blood in- 
dicates that the functions of these two organs are dia- 
tiirUsl. thus Inlroducing into the laaaid cells insufneiently 
dfompoHod. Tlwi nec-retlnn of Ihe thyroid gland being of 
extreme importance for Ilie proper function of tlie brain, 
tlie jtoMtive rraciiou of this |iart of tbe exiaH-imeot aho«*a 
that tbe disturbances of the lamill oells are caused by tlie 
thyroid gland supplying the l>rain inimnirieciUy »itli thia 



where his treatment lias to set in. 

One must know the difficuItUsi that beset tlie timely 
and correct diagnosis of disturbance* of the ititcrnnl 
organs, more especially a-hen it in a ease of functional 
disturlaxneee aa yet not showing any alterations of tho 
respective organ ileelf. to be able to appreciate the over- 
<«* tliis diaeovery for the curing of 




This importam-i' accounts fur tbe fact lliat medical 
aullinritM-> of univirsal rejHitc have felt it their duty to 
draw particular alMition to this ilisstovery. Shmild the 
es|»Tini-*ils tlial ore Mug conducted in all Ibe gnat 
centers of Kiiroiw prove the theory of Prof. AbdrrhaliU ii 
to he liniversally valid, laaaed an It is already on ii 
groat number uf definite fact* and espcrimcntal »-mi)i*. 
thru medical aniou-e enters aiam a lu-w e|*eeh and the 
name of the German scientist Abdcrhaldcii a ill Lave ita 
in.Wllile place In the golden book of humanity's « 



It is loo catty to foim any flnul ci.tu lusioii a* 1o live 
nHiiuate slli eet.. uiwl -< o|.. or ibe un thuds initialed by 
AlaWluilil. il. but iniliva'iolls ar-' cm . . .Inn'!', favorable 
in relation to a number of di«n-. -. es|s.-iiilly sun oiou 
iciiiu-.., ), and certain trouliks of lU- u. rvo.is syst. n, atel 
brain. 
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Kgyptinn brk-k money . 



Hshl la (isto ln«>n 4»k "1» In luliylomlii, purchiuwHl In r<*n- 

Mnlllwpk' In ISJOsntl lutiiiilttr* I imiimio Mr I r .r i 

IU*miiu. ••sltlsnt to Sir llt-tiry I*yanl who pwaawa c*d 
ts»-tii 1» he gtsnlio-. »»r> mii-lrul. tml |hm»IIiIj «iiIi|ik 

TlK.t Illil l«* rtllj nil.- Nrrtl J~wrMl. Uml «vr*> |.f .il.t.1.. , 
lukrn frillll MtRlK W|lll ii- In A. II 1171, lh# - I-Mml 1 . 
mllp*4 at Kgypl ImiiisI iriiiilliir mln* of pncrelnln mm4 
ihw. of WMcft are to Itc found Ik »v*<I *f thf 

IP-HI i'4h oiWoWn nf Kliropc. TH«-y *r«- llii-litlolfril In 
I*-' Mur . -Ilt.l.irt .-f y|„io-l»t; Sy-i-iii- 



Chin.- 



■ coins in Ihr collection of Horace Urtcper. 
Su Francisco. 



I, Tula of Sang. II »' '£'i*1 . -■ l oin of in* rhnn. «t 
■ I- ... I - . i.l i 1 . H. C. S43; :i, 4. ft. ami K. laajl <olm of 
la* llu i-. i.i.. ■ A. I ». 

Tn i olrlnHl coin* (from aniens, a punch) are assigned 
by tlcrodolu* In l.ydla and by Mluiiltet to Persia: Nil 
If the- iron] bi Intended tn rorpf cast or hallirucred mc- 
tallli- miT) then coin* nre 12 or IS centuries older 
tluiii the Persian ilnrlcs; fn» we have Cbliw-s- Imni* 
M tmtf w* coin* of Hung. £»7 B. O Inscribed "Toil* King 
Ho," or good for Bold, also rtutuen Hi* allusions lo me- 
tallic money, Dot weight*, but "current money wllb Ule 
merchant," ( Cenex bi xxlll. llti an the Hlnrtu rainii- 
IcnMs and siccus, Bab.rlonlnii brick money. HykM*i ring 
■noliey (hangs), iiiwrles. noil other very ancient tostl- 
monies. 

These cvldclii'e* |wc|uirc us lo Iran- the metal* from 
whh-h these money* were nude. 

Til* ohkwt Wild mines for which we ihmmw literary 
evidence are the aorlferoio. of llytirrborla iThllieO In 
Herodotus; the oldest by Inference are the alluvion* 
of India; the oldest by Inscription* anil modern survey 
are llu> lllsharcc alluvions of Egypt nineteenth century 
B. C A comparison of nil the evidence* lends to the 



The Evolution of 
Coins and Coin- 
age Mechanisms 

By Abnander Pel !Vfar 




nairluslon that the knife money of Chin* l» the oldest 
of all moneys. ""' rarualeukln of India, bricks of Baby- 
lufi, rln* BHKM-y of Ken*, "ixl l he l*>nched inlna of 
AhIu Mliwir fnJIowlug siu-eesslvely. In the order of time. 

Between the rude Issues of Asia Minor and the must 
IH'rfeet coins of like tlrvvk Mlutes is an Interval of three 
ci'ntnries, during Wkkt all tluit L> known, or probably 
ever will l«e known. In Is'iintlfyiiu; a steel die was 
achieved. So far as dvxlxu la cows-nied, the Oreek 
coins were simply perfect. No nnsleni coins can com- 
IHin' with tll«n In beauty. 

Among the early Uiasian coins, the ace of aw, .K. was 
ot cast brolrse, the others were of gold. AV. for minim, 
or sliver, All, for argent. Tbsmith mostly designed by 
tirwk artlsu, they belrny ft decadence of the line arts. 
The dangers of Brutus ami Clip of Liberty on his silver 
eolna are especially interesting. They went struck in 
the Iks-lil msir I'hlllppi, where he met his fate. On the 
other hnnd. tlie Human isdns evlmv a prsi-tlcnl lia- 
l i.n.meut In llw art of coinage: for the designs are 



Chinese coina ia the collection nf Horace Hetcher. 
Han Kraaciseo. 

7. Half Tai»l. P I* l"s. I*aus l^sne ; s. Anothrr nf pwnitt 
ilsu; 0. Aaellit-r ilnl-Ml ii r l:lft; 10. nve Cbae tir Isok. 
H C lit, i:n« rime : II. Klfiy Clint. A- I*- »• Its' Tsho^ti : 
12 lo 1R. Svvsa (wins of ssmr nurlod of the "caab" type 

snrriwimlisl by a tine of dots, or a raised circle, tn frunrtl 
against clipping: a Creek Invention. |MSll»rlxed hy the 
Romans. 

Iloiuiin coins of I be lni|sTl*l (s-riud lire of the grent- 
,mf bUtorlcal luterest. F>isni the sad and furrowed fa<-e 
of Julius to the seif^allniksl erBgy of Doonltlan. esteuds 
an Interval of 100 years, filled with the most noteworthy 
event* In the history of Rome. 

With the removal of the capital to Hyzantlum (Con- 
stantinople) beenn that rapid decline In the arts char- 
acterized hy the ~liark Aces" and feiMlal system ; the 
coinage faithfully rellecting II: for the nrta ittuiiut 
nourish In serfikm or slavery. 

Tills decadent period lasteil until the Arabian Renais- 
sance of the twelfth and Italian Renaissance of the 
fourteenth century afforded, through the agency of com- 
merce. etKisiragiMnetit to the art*. 

The discovery of America and it* Influence In amelior- 
ating the social condition of Europe Is the greatest 
eient In the hbdisry of the world. Ill little more than 




Karlv Creek coin*. B. C. 

1. I j iKIf. s. Bpliesast iia>: .1, ItMi i A. V.»: 

4. Allnsn |A. H.l i ; l'sl>laua 4 A «>: II. A.vlna 

(a. U > . 7, Tanalaa (*. tt.) : «, SyracuK lA U.J, 



Creek eolna. Mve eerloda, a C. «W-4W. 

1 I- na IA It) : X. ThurtlUB IA. Ml >• Bis < A. Ml 
4, i.i.-utam (A. V.); a, AmahlaoB* (A. »■) : 9, Sjra 
erne i A. K.i, 



Hislorical t^rerk coina- 



I. I'lillln of Maenloa: %\ Aixnxtrv tbs IJNat ; X. I. lit 
marks* of Tarac* ; 4. Krh-aiwa I of Syria | ft, Itowaiy I ; 

«, UraKtrliis Pouet cries of Miredoo ; T, Mltaradilra. 
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Roman Republican coins. 

1. tvoarlaa | A. B.I: S. A» I A- t)l X. Kulla (A. v.): 

4. Jallm <i«.r I A. V.I : S. M Aatenr ami M 

K V I | <l. MHH IA II > . T, »i.»lii« l'.»»I»J. Pla|>> 
irie tlrrat and Carina IVaar**-! (A. V I ; ». imtn IA. H I 

* alngle cculurt. HMO-HRI, TNH niidv nwirlr all the 
greul ilUcovwIea In wHeucr uml art which nfTonl tin* 
luu-ls <if our existing tnduatrien, aclexitlhV attainment*, 
and mechanical Invention*. Her* Again thai coinage 
reflecta th* revolution, Comnnr* the pennies of the 
Noruuum with (lie Kalian vmglea of Mary and l'liicn- 
hcth; or the grunt* of tlniry VI wllh the guinea* of 
Charti* II. 

Tfib- bring* it* f nun culnn to <i>lnngc ; from ttu> fine 



Til* tw*l»e l.r«r.. 
I, Jallua I'a-ar: 2. A-tnMil. : a. Tils-flax | I. Callsala: 

* ••laaaMaai; a. Sm: 7. tialla : *. oiko: ». fMaMaai 

I" Vntpatlan: 11. Tllus: 12. Ihuuitlaa. 





Anglo-Saxon roina. 

1. VIII Otatart Bcaat: 2, tllta wt Merala; X Aelbelberbt 
of Ka.t Aaxlla: 4, Wtxtmitut. AtrliMahop of Tork (fold I ; 

I Airrxi of Htmmt «. iiairdaa: 7. oiaf guru: ». m- 
ward th- EWff: » Aalkalrid II: ID. Kdaard laa C**> 
fraaor. 



aria to nicclLanntma. leaving cii*t wlws ami brk'k and 
rlii* nMincra, out of view, toe ancient method of mak- 
i nc a coin wa* to hammer out a thin plain of metal, 
rut It Into circular dlaka with the abenra. and atrlke 
II with a atrel punch. IwiimxI with a dealgu i the blow 



Hulling mill for "lading" melal for mining. 



BmboaoJng preaa for alamping the 
deaigna on coins. 




Preaa far punching ruin blanka. 






Kngliah aiht-r coina. 

1, WUUaai I, pcnuj , 2, UaMJ I. pawnj ; a. tUaard I. 
neaar; 4. Ilanra VI, groat; .V ll*nrjr VII. akUllng; 0, 
EUaaMts, aUptoct; 7, Charlca I, half crown. 



Kngliah gold roina. 

1. Hear/ III. c«ld hcscij: 2, Kdaanl III, autdc: 3, lltarj 
ft, ; 4, Hear, VII, aoTerrlgu; e, cut:.. II, gailaaa. 



Kngliah hiatoriral medal*. 

1, Mary, Qucea of Hix.1*. bj l'rlmawra : 2, 
Had**— rajfeal of Armada. 
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being delivered hy hand. Ill Billrll the same way that 
we w.ualil now |>ul * punch murk n|ion n metal platc. 
The ••"III was then Ibllsbi-il with a Bin. Tho next Im- 
provement* were to roll the metal Iwtwes.n two ainall 
cylliab'r*. «o as to prislure a jilute of uniform thlrmucKa, 
inirl ii. rut It Into disks with n punch. Al this point 
) ii v .-■!( «i..h«hI anil rt-tri>Er«1r<l for practically n 
tri.ii-.niwl year*, during which lime the i*o.>ularton of 
►:ur..t>' dcclitual friwi lit) to M> million*, anil i i«iiiiicr*v 
l.-ti-ouradi-il to tuirtrr, or tn |ai>-iiicnt* In Mini, 

Tin. metallic plunder .if America waa the tremendous 
Icier Ibnt .-.ain-rlcd the deny of Kurope Into an cm 
of prorrcas. Id the liftcciilh .notary a saillod o.lner. 
.if wb.sm there were lint few. might lie «lili> ti. turn out 
by bond Wt or llll r.»lii* * ilny ; a ivmiH [..tally Inadc- 



nunte to oh* with the rant .pi.Dtlty ,.f tron»«rc. chlelly 
silver. tli.it shortly lagan to arrive from America. To 
multiply coiners wan to multiply forger*: and thiw the 
coining machine tea-nine a uwcw.Hr of State. A laml- 
Hallux mill niul screw coining presa was Invented In 
ltiily. 1M7; .S|oilti, IMS; France. liV!: Kngland. 13)11. 
rcljsn of Kluuthvlh. 

After several trials an.) iiliniMbiniueiiln Hie mill ami 
pros- mw e-.UiMksl.isl |»-niia.i.i,tl> uialcr niarlc* II. 
whose golden guineas, mruek In H»rj, were the Heat 
reguliir tan** of machine coins uia.le uurth of tlie 

t'lia 1111*1, 

The lauiltintlliK uuii-liine In aulnclcnlly explained In 
I lie Illustration showing the rolling mill (\Mftv IS]), 
where a ahrd of metal In nunc to p.'- between roll 



em A and It, which reluct- it In u uniform Ihlckneaa. 
I'lreiilar dink*, exact >-S»e of Hie <nln In la- made, are 
then puix-lo-l out by (lie iniichhie. 

Finally the disk* are submitted to n double punch, 
tin- UHH-r .aie la-ltiir, a ntec-1 die Incused with the ole 
verac, and tlie lower mie Incuscl with tlie reverse of 
the c.dn to If pnshuial. Wbro sulijss-lcd to thin duuMe 
prisvas. with a prcuun- of Mi to IT. tuns, tlic Inert disks, 
no matter what llu-lr comnicntiil value, arn trim*, 
formed Into money, with the legal value conferred upon 
them hy law. The ibiuhle punch c.aistttiit.** the »swl of 
the State , ami II In Mult, mid the mint law liehlod it. 
which convert.* metal Into coins mid colna Into the 
"dollars" or other nioiMary deiNiinliiatliaa* deaerllwd 
In the legal-troder law. 



The Determination of Plant Relationship by Means of Serum 

A Means of Investigating Origins by a Comparison of Albumens 



Tile, larohlcm of every syslcm of classification, whether 
AiNibnTii-al or hotaniral, ts surh arrangement of the or* 
gum-urn that tlicir historical development from Ihiir 
.irion <lown rliall he pretented «>. dearly in* pceilhl.-. 
The cUumificaliiHi of aninudii and iiliuil*. id a nalural nj f 
Icin i» to sonic .U«ree the Imllcaliou of tbe rutio of rela- 
tionship of the individual upcac* to ninutiua anenlord. 
A.-, however, nil ptiUrraentii in regard to tlie eonntruetiou 
of n •ywUim of rlaj.uncatii>n rrat upon nuhjietivc |a-r- 
• ej.tii.n of «inilarity and dt.parity hetwecn the i>1.><h i» 
<-..tiiempUt.il. vnri.iui. attempt* have Unn mode of laic 
t.. iim- (iiuilariUeA other than thi«. fomierly Iwld to he 
iiii|H>rtnnl so a l«eo» for the nalural KyHtetn, or »» the 
rvason for chntuccn in it, or even for overtiimwijiK il. Tn 
imy e»*e itn divinion* are. ca|Uil4e of chance, and it is 
iinly the nJder botiutiiili. who looked u|kid the »y«teni le. 
4V llxed M-ric4 of |rljre.m-hulu» for the aecoDltl»<Klatio|l of 
their di»eovrri.-« in tbe veftrUihle kinxdom. Thin elder 
ir, n.-rali.m. though. Iran |>a««Kl away. The hii.i«iry of 
i<vnliitH»n t<*ch»-a tliat there U a protrreavive differentia- 
tion. r"ar Ur**^'r unei-rt»inty evutta, howeier, ill the 
claii>ifieaUoii of tlu. iwliviilual group*, hecauiie eon- 
wuiicutnlly .-jinmrt jl«ay» l». Ir».-.<1 with certainty on 
indium ui.irpl:.il.n;l. al endutotw, nml »o there is no 
•louht that evi-D lo-<U.v »<■ are ntill far ftnin U'ing able 
to tvvnrd our "nalurul" itvutcitu an llnal. 

T:ie r.ueessity of niak'UR e^ery rean ble effurl to place 
py t.tcmato!.*ry, inpeeially thnt of the huther planU, on a 
liclter liAeia nan led to invietieations with tlie aH of tlie 
acnim .llu«iii>4,, In <liiK..t*.iiitt in th* f«*a«« tlii.i 
method of dolcrtniniiv the elaaMtlratiuii of ptanu. Dr. 
Kurt Ciohlke 3ay»: 

"The metbodi ul tliiii duurnonis by rnt«i)ti of *erum have 
iHs-i.me v cry imiwrtant of UvU- yearv. fur the niu»t widely 
eeparnb d l.twnehes of wieflee. llhlenbuth ban lx«f<ft alile 
to prove not only that the Wood of one aniuial can l*i 
I from that of another hy tbe aid uf nenitu 
l» that the relatiim>hip» i»f Ihe different 
kinds nf Mood e«n be detrrniin.il K.spccially intenntlin; 
are the remlWi which I'hkmbuth. Wiu-Bcntuinn. and Stem 
were able to prove concerning tbe r«nin.ctioii liet^ei-41 
human blwid and tliat of tho varii.u. an«. lliuv 

otaMuhiro: coiuuruniiuiiy' by moami uf wro-hioUnrieal 
tn'^hotis. 

"Moat iulcrmtine for tire natural «r)ence» wm the 
pp.if offerod by Kowarskl ll»t vein-table albumen also 
oiubl Iw determined by meant. »f a diairno«l» with iwruiii. 
VarituiD cviH-rimentJi were rnade on this iioint, .me of 
which «» thai uf Macntt^ and Kriedenlhal, who aero 
uble tu allow a relationship between trufllea and jwu-t 



Any dimtusKlon of » nalund relatiotuhip prv«titi|K.«<«. 
however, » preliminary inv«tiirat|..n as to whetln-r HiIb 
ri-laiiotnthip of the ulVimena is to Ik- re«arditd as enui.a- 
I, lit. to the natural relationship. When »» emiaMer the 
ituis.rtant pari pbyed by eheniienl |ins-..s«« in the life 
of every oncttjiism. It eun pr^ilmbly lie aKi..l<u.-d with cer- 
tainly that the clime or d.«lant relaiionihlp l*.tw«in two 
orvcanisuu ill tin. (treal nno -tral stock "f lite organic 
kininlmn will also lie evident in tlicir chotmVat |wi.|>erii.^. 
Thi> nutunil relaltotn-liip iiiunt iilno of oume In. oi- 
detieed in the Tinc ture of the buehly c.iiccniriilc.1 albu- 
men which is >o"|..M'ly i .irui.'. tiKl will, the vital fitnetHHtn. 
The .■.inipositiot) of tin we nlbuniiuoii! tuili^tAtici* is not 
linoaTi. At any rale it l» not iHusililc. at leuet by choinical 
in. an", to determine them m exactly that ihii iletcrmina- 
ti-,1, mould ►iilTic for the pnrpows of cIas»ill<ation. It 



ii a dirtVrviiiiaiion of all vol- by the aid of »cro- 

loincnl inieetitntii'ii. 

-H-f.ir.-. Iiovm -...r. I cut. r itiln tli» iwrti'-Mlurs i^ tlie 

vari.1111 m. lbo.li in .|ii. -li " .Milliilll. i l»r. i hiblke in 

pin mm- he, ?utij..l, I l.-uld loiiilinu that it Ilhty 

..f i In ni. llii.,1. f..r ..H- ml Uitjuiu-al pur|yix« liad t.. 
I..- isroKsl. TI-*' prol Hit: ...f this utilllv !»■ .in... ule.olut.ly 



v iously imule, some of a hieh were dva'ldi-dly fnurmeatary 
and were not undertaken for the purpotte .if systomatie 
srrnupiraj in fatniliea, while otlwm yicbled contradictory 



"To this end. four methods were trii?d. namely, pre- 
ciiiilation, the bindinit of thec.intpleuM.nt lAYasseminiin'fl 
ruaetionl, anaphylnttis, and eons-liitination.'' 

For the botanist probably anaphylaxis (hypers* nsitive- 
iieMH) lta.1 to )h* exelmhsl a> a mAttcr oo* course. The 
tnetliod of U'imt it is Ihe f.ulo»inir If fureim iilbunn ii 
i- Introduei-d. w* by inoculation, into the l-«1y .if a warin- 
M.shIi-iI animal, there is develop*., afb-r tiwhile, ami 
after the intn«lurll.m of n eertain aniouht *.f the tnoeillat- 
imc inaterioJ. a pw-uliar scnsltlvenifi. This liy iiemensi- 
tiv.-ness is evideneed in Ibis way: that the animul thus 
treated reacts with violent synipt*>mji of ilhiesa, and often 
dies in a few minutes if inoculated avaiu with tbe same 
solution of nlhumen. even when this eontains no iioiiton. 
Tbe condition called anaphylaxis baa. therefore, a strictly 
specific effect, that is, rabbits previously IreatiHl with 
horse eerun* are only hypersensitive to thia and not to 
goat ur Isivine m.runi. Hclationsbiru. thomth. can be 



As the albuminous solutions with which tsitany is cn- 
eerned lire obtained almost entirely from the seed of 
pbuita. and as tbe solutions vary greatly in tlie amount 
of alliuinen they contain, each drpeudiai: «.n the al- 
buminous content of tbe ritapective seed, ati exacl Jildtr- 
tllent aa to the ex|>ertnient« maile by anaphylavis h. 
Iliurefore, difficult. Any positive juilgnieiit Iss om.^ im- 
uoatiible when it is reincinhrrwi that a lartie amount or 
other substances, atnue |H>s*onims tas alkaloi.ls l am eon- 
taiued In tlm solution, ohl.-h suhstanees inu«l h.. injurious 
to the animal. Heatdea, the undue proportion of deaths 
the animals utssl for the experiment* condemns 



the use of the method in proving relationships in a 
botanical elasaineation. 

••Witl»ut going into th*. method of bitidiruT th*- com- 
plement, vrliioh is tlval of Waatermanu's rea* lion used in 
the investigation of *.ypliilis," aays our writer furthir, "I 
wish to r*j«rt it as als*. unsuitable fur tlie prei«-iil pur|»u«'. 
The results of tbia method arc extremely exact and el.-arly 
defined, hut arc too s|«eifie for the end in view, It i» 
easy by the aid of thia method to determine the albiinn u 
(antigen) used for the Inoculation, the reaction altw ap- 
pears it tho albumen belongs to another closely allied 
species, hut it fails for more distant rdalionshipa Kor 
a system uf ebvwiflration. though, it is important to ho 
able to prove very distant rrlalJoiishiiie, eonaequcntly t*i 
obtain a remote reaction." 

The two other methoda. i>rccipitalion and eonglutina- 
tiott. are well suited for obtaining n«etloti* showing con- 
nections- rrecipiUitl*in is extremely aimiite, and roquin^ 
onlv an antigi-n and an immune serum i«odueed hy thU 
antigen- This immune «*um is obtained aa follows: An 
albuminous solution (aa an extract of the albuDieu of 
bi-nnsl la Inp.-ted into the eitvulatkin of a rabbit. After 
a number of injections, when the rabhit's blood ia tlruwn 
•iff ami cuas-uhil.", Ihe serum «bl.-ll *• |«ratea forms the 
imtitiiru- ra-ruin. This immune serum hit* the character- 
istic that in clearly .1. fln<sl irradutious ur dilution up to a 
certain (bwriai it gi> ••« » prveripitntc with the antiiten uatal 
for injection, that Is altli the laian albumen, but it does 
not glx. a pri-cipitate wllh a»i albuminous solution of 
otber iintia This asaertioti. Ini»e\.-r. cannot be puahod 
too far. Tbia spceille reaction ap|»«ra only when the 
aJhiinunous aolutlolns that ia, the albuminous Holutiou 
uwsl for injeeti.m and the seeotul albumiuous solution, 
■lo l>ot rnmc fn>m related semla Thus, for instaoee, an 
Immune S.T11111 prvidueisl by means *at a piipilionarrous 
I'l.iiit. th.- lentil, r**evv tits. n all oiler papilionac.'.iiB 
plauls iiml furll>er U|«io tl»- r.lut..J r.». au.l .r..i.f.*.t 
laiuili.a. I .ill.. Ii th. • other Uiul.lt d.«i not alb- I a Mmrle 
plant of UII..II..T im.re .l.-Uolly alli.sl Taiiiily (as tho 
,1. TI... first .ixia-riiiHinui for n rw.eli.Mi showing 
by Ibis method. Bufflde. iM 



simplicity, precipitation baa for botany anotlier grtiat 
advantage oier other methods, namely, il brings to view 
not only connoclinne with other families of the sarao 
series far beyond the family with which it starts, but 
what U null more important it »bow» coDOeeuons with 
other aerie* also. 

"I'otiglutinatloD." accurditig to Dr lloblke, as he ex- 
pUiua bow to in. list, immune serum in tenting tlie albu- 
tnen uf seeds, "Is somewhat more difficult in its technical 
details, aa a lien il is etnploytal, tho serum of a ruminant 
ifor instance, bovine m-niin) la usial, If in the iiwiIm^I 
by |>n« l|yitalioii we had to do wilh the gradualed dilillioti 
of tbe alhumiuoirs aolution in various teat tula* 11 to 131*1, 
I to «1(N>, etc . up to 1 to flOjUOO). in tbe ntelhoil by con- 
glutination the amount of albumen In thai extract i« »a»n- 
stant in all the Uat tubea (the dilution might lie I to 
nn*l the variation is only In the amount of LfuriitiiM serum 
that is added to ii. The proportion of serum in this 
method is exceedingly anudl (0.08. 0.U2. 0.01 , tl (XV. cubin 
eentimetrr in lesl lubes No«. 1 lo 4, while in the precipita- 
tion method each Kla»a nawiles 0.1 euhic i'ilitimet*-r >. 
In tbe einigliiltnation nieiltiai the extract and the immune 
scrum are combined at :i7 d.igris» in two hours in lb*. 
iwiiUlor, lluit is. the extract is sensitised After tbia 
IH-riial of time, fn-sh bovine atTuni ia added in the pro- 
IHirtion of O. t eubic centimeter for each lulie. There 
llum appears in Iho-e tulxw #lierv a Urge amount of the 
immune serum i* present a clearly evident eondulinatinn, 
that U. a floeeulenl prtx.l|Htat»on. which is entirely rtiffiT- 
ent from Uie deposit of the precipitation method. Thia 
characteristic elumplnc rt"t« on thia fact, that bovine 
serum contains aoine sulwtancos which are railed eon- 
glutiniiu and which produce concliitioatiuns. Tho ad- 
vantages of this melbod consist in th*t ideal aenjuiiveiieaa 
reeds tliat obtaitn-d by precipitation, 
aju.iunt of Imniuoe enmm it is. on this 
account, neceasary to uw. This penults hundreds *a? 
eiperimrata to be made in all directions In the vegetable 
kingdom from one original Immune scrum. A netH-asary 
rsmdition is, however, thai tlie immune Minim should 
la* of highest potency." 

This brings 11a to a very important taunt. Tho amount 
of albumen contained in the extract* of alhiimcn gaiiKsJ 
from live seed of plant, varii-s so greatly that it ia much 
more dlflicult ui immiinixe the rabbit tliari it is to mi- 
iDunl/e Mood in analogous experimenu in hygis-ne or 



The seeds In Dr. Oohlkn's nxporimeDta aaire cnishiaj 
to a very Sne meal in nmrtara or in the mill, which work 
demanded naturally extreme cleanliness. The ineol was 
than mixed in dellnJte priiiajrlioas with a eoluiion of 
common salt, and some time uaa alhiwed for extraction. 
The solutions of albumen thus obtained were cloudy and 
were ultered until clear. 

There appeared during this proeuM tbe collateral 
pbeikoniena eharneteristic of vegetable seed. Various sub- 
staucea were found which are suppoaably injurious to 
the animal if injected, and which would even cause death. 
Although the iikwI varied e.x|arimenta w<av> oiade for 
the removal of thew injurious suhstanens, then, exneri- 
inerits were not always successful in getting rid of all of 
them. ConM-quently. in discussing the utility of the 
albumi ns to Is., used in the exisrinnnl. u preliminary 
investigation 11* to whether Uie*a' injurious siib.tan.aw 
an- present in Ihe albumen must lie assumed. On this 
oeeount the pre|iarau.m uf tbe extrael varies acxanlinir 
to the spcei6e character uf each seed. 

(ks-asionally a potent immune serum is obtained aftor 
iliree or four iiips-lions, 10 cubic cc ntiu>*b.ra being used 
for each iiijis'iioii. Tlirm ar*-, though, eaaea in which no 
immunity was attained after frequent injections. Tlie 
riaMin fisr thu ei either in a darttnetive la-cuhanty of tli*. 
r..r I hlciihiith m-ntioD* that. f..r instate *. ..r 1. n 
tr.ail.sl at th. rame lime with albliiiicli only one 
yield- a |xitenl iiuuiiiii. -. nun. "r els., lis- .l.ni. ulty ;vrit.^ 
from too Hitall a coulcnl M idluimen In the vxtnu i. This 
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Utter trouble appear* with relative frequency, b«rftUH 
many teeds contain hardly any discernible albumen. M 
Ibt! very small weds of the willow. 

Tw ret Hi* immune scrum the animal i« Mod, the coagu- 
lated bluud ia •rntrifuged, and tin- serum thus ohtainrd 
is preserved. 

"Whoever after tluv luidcrtakoe to make researches u 

the author, "must constantly hear In mind tlial there am 
many pitfall* which can only lie av.ash-d by the. greatest 
caution. Bill the person who ha> worked by these 
methods for some time ikioii gains an exact knowledge of 
the reaction* and certainty in judging them, so that he 
can enter upon the rrsrarclm with absolute tsvnndenee. 



both with normal rabbit imim. and pure extract, etc. 

"Diagnosis by means of serum lias pro red iu utility 
both for methods and for the purpose* of classification 
A large number of families have already boon investigated 
as to their systematic position, and further rt«se*rehe» arc 
bring made under IVnf. Dr. Men in tlie Botanical Insti- 
tute of the. Itniversily of KonJgsbcrg. It would take us 
loo far to give a detailed report of the very Interesting 
resiill*" 

The author then refers to «.nw hooks by himself and 
Olivers on the subject, all published in 1913. His own 
work is on "The I'tilily of Serum Diagnosis for Proving 
Doubtful HclaMon»hi|M in the Vngctahlc Kingdom:" one 
by llohlke and Me* is "Physiolngico-Systcmatie Ke- 



lt AmMbt mentioned that in no cam have the re- 
searches made up to now resulted in a contradiction of 
the dctrrminattoiu which have been deduced from the 
forms of plants. On the contrary, scrum diagnosis offers 
a method by which we can advance in toe difficult laid 
of the historical investigation of origins. It is true that 
a relationship of the plants is not directly proved, yet 
the ilcteroiininf of a connection between the albumens 
gives an important indication of relationship. This in 
a great advance which yields valuable conelusioiLi for the 
history of the main stock, and thus the importance of 
this method for th« devclojujiveut of science is made plain 
Consequently the value of serum diagnosis fur tbe proof 
notarially of doubtful reluli«twhi|» in the vegetable king- 
dom cannot fail of ree.mnitUl. 



By the 



r of the British 
Australia 
i Corrrspoaden! of the I 
American 

Tnt eighty fourth meeting of the I 
which has just commenced, prorata™ to la- a erect suc- 
cess. The Commonwealth government made a subsidy 
of rrc.000 in aid of the expenses. Is-sldee publishing a 
Federal llilnttliook of (100 puges for gratuitous distribu- 
tion to the visitors, some :t-vt In number. In addition, 
the premiers of the rarlous states hare secured free 
and have taken an active part In 
i of reception and hospitality. 
Tlie holding of tile meeting In Australia make*, nat- 
urally, a strong ana-al to Rntftaluurn. One of the 
grratetst i»f British discoverers, Copt. James Cs>k. 
nhisni tardily emiuith. we have recently coMMcmoratcd 
hy a statue, aildrd Australia to England's ikjsacsalona. 

the drat settlement was formed, and thlrtprn years 
afterward Cant Matthew riuiders began his explora- 
tion of the shore* of the Island, "undertaken for the 
pnnsate of completing the discovery of that vast coun- 
try," and carried out In 11. M.S. "Investigator." The 
original Dante was. Terra Australia, ward tiy the Dutch 
themselves: until souse time after Tasoinn's second voy- 
age In 1044. sabaniaently displaced, however, by the 
term New Holland, though this waa applied to |strt only 
of the region. Flinders remarks that so aouo as New 
Holland and New South Wales were known to form 
one laud, a general name was advisable, and therefore 
he ventured upon the reuduptlon of the original Terra 
"Had V he adds, "permitted myself any 

trails, as being more agreeable to the ear, and an 
assimilation to tbe names of tbe other great portions 
of the earth." 
ItMrblng Melbourne on August 13th. Prof. William 
K lt.S , the new president, was to deliver on 
! day his addresa (In part) to tbe assodu 
lion. It refers to heredity and variation as factors in 
organic evolution. In the light of, and along tbe lines 
of, the discoveries made many years ago hy Gregor 
Mendel of Brunn. and now embraced hy tbe term Men- 
dcllsm. After a stay of six days the vlsltisrs proceed 
to Sydney, and In that city, on August asjh. the cm 
: portion of the president's address will be given. 

ay of six days, the association 
i on to Brisbane, where the remainder of tbe otH- 
clal programme will he carried out. concluding on 
August Slst. In tbe course of the Itinerary thus out- 
lined a series of public lectures will be delivered Ihe 
at Adelaide on the subjects: Saving and 
fl'rof. t:,winrr): - Brown Ksrth and Bright 
(Prof. R M.sire. FB.S1: "The Making ft 
a Big rj tin." (Dr. W. BoHftlhllbl. F.B.S. I; ^Comets," 
(Prof. H. H. Turner. F.B.S.); "Clocks." (Sir Henry 
funynghame) ; and "The Decorative Art of Papua." 
(I>r. A. a Haddon. K.RS ). 

the tour, the iiresldents of secllons will de 
> cnsxtimiiry titblresscs relative to the respective 
of science which they represent. Prof. ►". T. 
Troutou. T.B s., of Hulverslty College. London (malhe- 
mullcal and physical science section), U deliiiued at 
home through Illness, and his presidential address will 

i«»-ns a discussion on the structure of atom* nisi mole 
cules. and the Astronomer Itoynl reads a patsr on tbe 
dU-trlhutlim hi space of the stars near the north polo. 
Prof. W. J. Pope, f.lts., of fsnttirldge t'nlverstty 
i»4wmWry sedlonl. ex[Hsnals new resetircht^ In er>s- 
tallisrraiiby. Sir Thomii« Ilollsmt K.C.I.E.. e'.ltS.. of 
Manchester l'nlrerslty igiadtsry sectlont. following the 
delivery of his presidential ailtlr.~s will n|»-n a dU-iis- 

Hi.su on lis- ph y i ttrap ni .-r »ti.i iui«Ih iv.,r liflnv 

Dendy. FRS of Klug's <'ols"|V. Isiusl.iU I nsiloiry sec 
tlon>. Is hj discourse ou cv,,lnllon: alul there will Im> ii 
dlscu-c-loit on mliulery in An^tntiun Itisecta, Sir 
t'twrlei Lucas, K.C.B. (,ev»raith) section), gives an 



<m Central Australia and Its isealbllltlvs. Prof, K. C K. 
I i, saner, of IJrcrpool Ciilrerxlty (economic science and 
statistics section I, will Invite attention to three pniiers 
ou town planning : and Sir Henry Cuuyiighanie will dis- 
cuss (he effects of monopoly on price*. Prof. K. tl. 
(V.kcr. of Flnslrary College (engineering section 1. will 
deal with stress distribution. Sir Kverard lm Tliuni, 
K.tT.M.11. (anthropology section |. Is to discourse on 
primitive issjples In Auslraltisin ; nisi there will Is* a 
[■per b> Prof. G. Elliot Smith. K.R.S.. of Manchester 
l'nlrerslty. on the origin and spread of certain customs 
and Inventions. l*rof. It. Moore, K.K.S. of LtvertKKvl 



Hie value of research In the development of national 
health. Prof. K. O. Itowcr. F.R.S.. of Glasgow I'lilrer- 
slty (tsitany section), will discuss the Australian llora. 
Its types, a u, I adaptations. Miss K. It Saunders con- 
tributes n (oilier ou the double stticlt, detailing Its hla- 
torj anil brlutvlor during cultivation. Prof. John IVrry, 

relations of university and state, and Prof. It. K. Arm- 
strung. IMts., recapitulates before this section hut 
views ou science and education. Dr. A, D. Hall. F.R.8. 
( llgrlcultlire section), has cb«nten tile subject of btud 
rcrlamatliKi and cultivation. Tbere will be several con 
I wheat growing and wheat breeding In 

At 



joint discussions hare been arranged on wireless teleg. 
raphy, to he opened by Sir Oliver l/xlge ; and on the 
past and present relations of Antarctica In their bio- 
logical, geographical, and geological as|wcts, to lie Intro- 
duced by 8lr Douglas Mawson. the Antarirtlc explorer. 
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II is at least utl llistllix-e of Napier's faculty .if «im 
blldng simple practical n rrpllcat Ions with groat theo- 
retical Insight. The Bones tire described, though not 
under that name In the book : "nulsJohiKlae, seu Nnme- 
ratluxils |ier VlrguLas Lltirl Duo: Cum A|s;M»Ddlce tie 
ex[Hsllilwdmo Mnltlpllnitlonis Pnimptunrlo. Qulhus ac- 

i ...... ii- uber t-uuts- (Baa- 
Bart, 1(117.) The Us* Is dedicated to 
Alexander Ret on, Yjir\ of Dunfermline, and til the 
dcllcation Napier states that be wss induced to puhllHh 
a tlcscriplloti of the const ructHiti iiim! use of tlve "num- 
ts-rlng r.sls'' ((ha( Is, of the "bones") 1n-cuuse many of 
his friends lo whom he had shown them were so 
Pleased with them that the rods were already al- 
na»t raotawn um\ were even trial carried lo fon-ign 

eouatrles. 

Mr. Glatsber, In his tirik lr on Kapler lu the "Kn.-yclo- 
twdiu tlrltaniileii." givra a clitir ucts.unt of (be 

• attract from a paper rc 
sticlrty «( Glasgow. 



l|mn it I 

It here The bones as deecrllied hy Mr. 
tilalsher arc slightly different from th.«e that npis-ur 
In tbe "Habdologlu" but represent n common type, 

Tbe principle of "Napier's Bones" msy be easily ex- 
plained by Imagining leu rectangular -lips of cnrdrsHirtL 
each divided Into nine st|uures. In lue top sijnarns of 
the slips the ten digits are written, and each slip con- 
tains In Its nine st|ium-s the drst nine multiples of tbe 
digit which H]sjs'ar» In the top s-jimre. With the ex 
ce|>tlon of the top siuiire. every s*)uure Is divided Into 
istrts by u dlagmtul, the units Is-lng written .at title side 
and the tens ou the other, so that when n multiple con- 
sists of two figures they are separated try live tUiigi.nnl. 

(I. s, S, plucetl able hy side In cuitact with isae aiiolher, 
and next to theni Is phu-tsl another slip containing. In 
squares without diagonals, the hrst nine digits The 
slliw thus plaeeil lu contact give tlie multiples of the 
number 20*45, tbe dlgils lu eoch parallelugriim being 
adiletl together: for rxample. corres|s»idllig lo Ihe liuui- 
lier It on the right hand slip we have 0. 8 + 3.0 + 4. 
•J, 1 ; whence we nisi n. 1, IS, i 1 ns tlve dlgils writlcn 
backward, of 8 X IScJi, Tli». iwe of the slips fur tlie 
isirpose of multlplicalloli Is now evident ; thus, to mul- 
tiply 2.0SJI hy 7:US we take out in this manner tbe null 
Itplcs correspontlliig lo (I. K, " ami set down the dlgils 
as they are rdiialnen, fnua right to left, shifting them 
up the column* us lu ordl- 

vlx., tl 



I of ten ishlonu piece* of 
woisj or other material with suuure cuds, hitch of Hie 
four faces of each rod cuutains multiples of one of tin- 
nine digits, and Is similar to one of tbe sllist Just de 

11, S. the second of CI. 2, ». 7. the third of 0. o. 9. 6. (1st- 
fonrth of U. 4. H, 5. the fifth of t, 2, S, 7. the sixth of 
1, 3, H, (I, the seventh of 1. 4. N, ft. the eighth of 2, 3, 7. 
6. tlie ninth of 2. 4, 7. 5. and Ihe tenth of S, 4, ft, S. 
Each Pod. therefore, cuutains i>n two of Us faces multi- 
ples of digits which are eismph-mcntary tti those on the 
s: and the mnltlples of a digit and Its 
position. The arrange 
meats of the numbers on Ihe rials will he evident from 
rig. 2. which represents the four faces isf the fifth bsr. 
The s*>t of ten rods Is thus oniilvalcnt to four sets of 
slips as ile>*-rHtfsl atsive. 

To the above extracts from Mr. GlaUher's arlh-le 1 
may add that Ihe bones had a great vogue, and wen- 
very extensively used for several years after Napier's 
ilealh. The "Italslologln" was translated Into Italian 
nitd Dutch, and live Lailn edition was republished al 
Is-yilen. In 'The Art of Numhring By K|<eaklrtg-B.s1s : 
Vulgarly termed 'Xcplcr's Bones, ' which was published 
ill IsMidiMi, In 1*17, William Is-ytsnirn (who Is demstcd 
ou the tllte |»tge simply as W, L.) gives h description 
of tbe r<sU wllh i 

extraetliaa of stpian- and 



A New ; 

In a reiiort from I he American consul at I 
Wlund. Its purpose ls>lng to prevent the fall of the 
ciige lu case the rope of ihe bitter breaks Two extra 
chains come from ihe latse of the ro|ie. and the*..- run 
nlng down the sides of tbe cage are fastened to four 
pieces of strisng wotsl that project from the four bottom 
corners of the cage. While the weight „f the cage 
rests uisin these pieces of w.ssl lis- latter ntv drawn 
Inside tlx- oatc bill when rv-lh i-sl of this nelclii. hy 
the breaking ,.f tlve rotto, His* sr.- svsssad asutvrajsj hy 
Sl.rlugs and .-si.-h Hie lilllillugs nilh Wfllch Urn shies of 
tbe shaft are laord. alsl Hie cage hi brought to a Mnud- 
Klll wllhlu u Biuxluiuui space of four fet-t. 



>l foor fiTb 
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The Total Solar Eclipse, of August 21st 



By William J. S. Lockyer 



OwiWJ to the great stride* made In 11m* ntudy of the 
rihynlca of Mir nun, tin- Importance of the occurrence uf 
h total eclipse of tin* *un I* out no (.Teat an it wan 
toward the hitter end of last century. Neverthelena, 
there are ntlll houic problem* to solved, tin* data 
for which can only lie irfitaliied oti iIm-m* occasions, Uiiik 
inHtnoiltatlne the organisation uikI dUputehlng r>f flk> 
nerver* to M-venil station* lying on the pulb traced out 
hy the eon* of tbe hknw'h nbildow na It Kweeiw over 
the earth'* nurfacc. 

Tbe prencm year presented a* with a total eclipse an 
near at home at* that whleh occurred In the- yetir 1*98; 
In fuel, these eclipse* belong to the same fmiilly. and It 
Id likely that the event wan a* well attended liy both 
amateur iiimI professional astronomers, an wan Us fore- 
runner. It U hoped, however, that weather rendition* 
were more favorable for *noee«ful nhnerTatlon. for 
It will Ik« remembered tluit on the Inst iM-castou the 
only party that wan fortunate enough to come home 
with result* VM thul whbh took mi a station in Nova 
Inllli 

Kuropean obnervcra were c*|Ms-lally favored by the 
position of the path of the BMaYa shadow. Ih*ciiuw tbe 
greater portion of the ucccsidhlc tmek rutx Kurofn< 
diagonally through It* pan; ttnl pTrTrffB. 'riiun, with 
cvanparativcly little journeying, very favorable itlltlaaa 
for observation were reacted. 

The accompanying Illustration (Fig. 1) shown the 
genera] iMjnltlou of Ibe line of central ectlpne It will be 
wren that the fHp aw in -mi at a point situated In north 
latitude about 71 Vfc nVftVMI and ended In a latitude a 
little greater than degrees. Tbe mnon'n shadow 

first ntruek Ibe earth In far north Canada, |Ki*?dng a 
Utile south of tbe Parry Mauds, and pursuing It*, 
course hwt above Baffin'* Bay. There U entered Orean- 
land. Ami swept acrosa thin aparaely inhabited region, 
emerging Into the Arctic Ocean. Tnktne a noMfUeaat- 
erly tread. It entered Norway near the Inland of Vega, 
nnd panned out of Sweden near Heniosand. ami then 
crowed the Oulf of Bothnia awl the Baltic Baft. Tlie 
track thru entered Ku^in nt Riga, and pn«»ed near 
Murk, Kief, and the eastern part of the Crimea, ctdhh* 
liur the Black Sen and reaching Ibe opposite const at 
Trcblmnd. U then traversed eastern Turkey and west- 
ern PePda, and teruilnated it* course on the northwest 
■taint of India. 

There In little doubt that tbe llrd imrtlon of the 
ts-ilpse track—that in, tbe part that crowned the Inland* 
north of Canada and Orccnland — was not occupied by 
special observe™. Kroui Norway southeastward the 
cnae will be different, for then* the nun wan at a use 
fill altitude and the eclipse of long duration. On the 
went eoant of Norway the mm had an altitude of a little 
over 35 decree*, and the duration about 120 iwcoimK 
On tbe ea*t coast of Sweden the altitude wan more 
than 3AJV drfcrcen, awl the duration 1^K «cKxmdn. In 
the retrlnn alMiut tbe (lulf of Bis* the nun'n altltiule 
watt about :m.ri d«i;rtist, and itn< ihuutlirti i:t: >.c.^.n«K 
By the time l In- Crimea In imM tin- ntlltwlr wiim 
»■ hi* I rvdiml, mimtdy. *(> • th-irnrx-* 40 iiilmitcs. iiihI 
• Kri.ritii.,1 fniiii Anaataj 





Es ..h M.i. 



Flff. 2. — Map ahnwing path of tbe ahadow trark. 



Flf . 1.— Chan tbowlBf central line of eclipar. 



tbe duration diminishes! to 120 net-i^idn. An flinflllall 
larire-HCflle chart of tbe whole track of tbe ccllpae 
aerutiH Kunipc accontpanlea Count de la Bauiac. (1u- 
vliunl'n iirtlrle whlrh aiipenred lu the March number 
uf tbe Hutl* tin 4e /a Swiftf. AttrummMqno 4r Franrr, 
and tblt wan valuable to those wbo wished to take up 
a nultable pctdtfon on the track. Tho>*e who pnn-<eedei| 
to Norwcctuu station* found uneful data |tulilUhe>I 
rtHs-ntiy In the dhMrrvatftry by Prof. II. ttcetmuydeii. 
Thf re it In Mated that ainoot; Mtopplnx plats-* for tbe 
ordlnury coast nteauiem, nvdnx out from Bcrurii or 
TrtHadhJriu, may be natued SauiwswJcVn. nituated on 
the north end of tbe Alnten Inland, from which ntatlon* 
near the central line will be eanlly accctttdble, either on 
the same Island or (by motorhont or local nteaniers) 
on mime otber Inlands toward the northwent. From 
Monjllen. nituated at tlie end of the deep Veanrti T}arA, 
Mtnttona near the eeotral Hoc In tlie Venaen Valley may 
lie reached by carriage. Brdnno u a ntoptilujt place not 
far from the southern limit, nnd BotUI la a little out- 
alde tlie wmheni limit. IX'tall* coneernlnje tbe path o* 
the shadow track acrona Turkry and Perala and the 
iirriftnltde placon for formlnc enmps In Iheno count rie* 
vtvv*> iltsM-rlhetl In thtsie columns (No. itW*. April iMhi. 
mt Hint furl her reference to thene rr^bmn becomen un« 

BjBBa«RBaTi 

With rcuard to tbe weather c<indltbtns the prolnibll- 
lit of line wt'iitber Kcniia to inereane the farther oust 
aloiix tbe trnek tin- xtntlon 1n taken up. According to 
tbe information that In to hand, mont of the main otB- 
Hal expedition* were to be located alone tbe Russian 
I* ill Ion of 1ht> llw 1 , where the CimkI weatlier ebancen 
tire more prtmdidiic. bul thin did not deter othem from 
(Ms-upylni: Normeclau or Swedish stations, foe toe 
more nnttterrd the ohnarrvcrn are tbe more chance there 
Is of mane renultn being aeenred. 

As to the at-tual eKpedttitaiw that were projis-fe«1 t tl 
f.illi'wlnir statement* may bt> madt*. am! the ticcompmiy- 
lii£ mnp i Vis, If l will help to liidlrtitc tlie pmftlona of 
tbi> stiitlnii* whli-b were prtanntetl, la>nlliit; first wlrh 
the Urltlxh i^rtitst, the J<»1M |M*miaiieiit eclipse turn- 
nilltee of tlie Royal nnd Royal Astronomical Soclrtlen 
was to send out fire taWrver*. Thrts^ of rli«t»» uliwrv- 
•■t-- t.iiiiH'lv. Prof. Fowler. Mr. IV. K. Curtis, nnd Mu.ior 
Mil'-, wen- t" )••- Ktariniicd mntr Kief In Runsla, and 
uiidi-rtnke Ibe pluih>crnphy of the niiectruia of tbe 
Stomatmstom dtlftel tin* luirltal phases, and u irratliic 
tflvlnu riith-h hliclter re-tUiiu: power than any previmuly 
PW|aaywl durlnt; an crllnst* wa* to la> usnl. Fathers 
Cklllal ami <»'roi,i>nr aaj iHdni; sriit l<i IIemo«and In 
Suiih-ii M uiMlertake dlrtsrt pluiti«rnplin of the 091011 
nnd i<b<4ocrapbs «.f tin- *|ieetruiii of ||m* corona with 
Ssslnl lo M ■ yfllovr awl ns| reLHttlis. They 

wen* lo l<e intxtiuimuksl by Vlo**ra. J. J. Atkln "ti ami 
<i. J. <ilhbs ns viduntrer belpern. 

Frotti tbe fl« am I Obscrvutory, (ireenwleh. two <•!► 
nurrrm, ICatnra, Joom and I>arVuaoa. took up their sta- 



tion at Minsk, in Russia. Tlie programme ,,f H> u pnrty 
eonnlslisi in necurliiK larur-atale pbittoitraphs of tlie 
corona, the npcctruui of tbe rornna awl rhrotnwpliere, 
more oqircuilly In the ultra violet reirltnu and phnfo- 
^raph» of the oortina ihrnnch "menTiry irrrs-n" cIiisk for 
Inventlisatlon of tbe distribution of * , c*irtailnni." Near 
Kissli^ln. In the Crimen, tbe (tarty from the Solar 
I'bynhr* Obnerratory. at tl'ambridice. namely. Prof. 
Nowall, Mr. St rat ri 'ii. awl Mr. C. P. Butler, were 
located. The work undertaken Included snuill- and 
larirc-Ncalc direct plMitr4traphM of the corona for exten- 
nliain awl details, resjas-tlvely, objecllve firnlluj; pboto- 
crnidin of tlie chmimMtidicrv for rompnrtsofi wltti (be 
nllt npi»etra taken by Prof. Fowler'* latrty, ami laxtly, 
jntlarlnciailr ob*ervntlon«. 

Fewliwia wa* r.i ts> tlie obHervlm; wtiittmi »if two tler- 
man exptsJltlooa, namely, one from the Artrophyalcal 
Observatory at PotsdHm, awl a set-taid from the R«tynl 
<Hi*ervatnry In Neu babel vberir. near Berlin. Near Feo- 
dteln. nt Ntarg Krym. an expe«lition from the Hamburg 
Observatory In Bcriredorf was to take tip lta nnultlun. 
Tlie pn«rauiiw af the Work to Is- undertaken by thin 
espislltUin, kindly cianniiiufcntisl bjF the dlnsior. Prof. 
R. Schorr, Inelnded |diott<rapbs «d the corona Willi 
IrltsN-iifKm of f«sal lcnctl.- tnf I, 1<l, ■_■ i ami 40 ntolrrs, 
with and witlnnit ncroi-n*. u nean-li for liitenuercnriiil 
planefn, and itbin1oirra|ilm of the spectra of (tie cliromoa- 
phere and eoriaan. 

In addition to tbe above. Prof Mlcthe. of the pbotn 
chemical laboratory of the Tis-hnlcal High NcIkmsI In 
Berlin, proposed girfng to Kaimc«*)lkii, Alston Island. 
In Ntarway, and It U mdte pn-»iNe that part lea frmn 
other German owner valor lea added to the nnuibcr of 
ex|Mslltlonn. 

rVo4oatl wan abso the selected n|iot fi»r three French 
m I Hk lot is, ib'tnlls alsMit which hare lss<n kiinlly com- 
muuinittsl by Count de la Bnume llnvlnel. Count tie 
In Bauine Plnvlnel blmnclf wan to lead a private ex|ss(i- 
tl.ni. with Me**m, Seimwpie awl Roiicier a* his aaafcnV 
antn. Tlielr liudniniental ei]ul|icneut c<i«iw|«tiiur n f K 
two mirror aaajMrtal wnrk«sl In ci^njiiiM-ltiai with ohjis - 
tleea of V2 and :i nttslem for the plMito&ruphy of the 
istriMia. Two nllt s|ms-| roscofn** and two prlwinntle cam- 
era* with flint ami iitmrta prism* were also to lie nned, 
and aVnMaVM were |g made *mT tlie Intrinsic brlirht 
uesn of illffcreul |*trtlon« ( if the rttrona. 

A Msimd ex|Mrdttitm wan to w-t out from the v. 
Observatory inter the direction of M. II. ciinHlen, M. 
('hreticn wn« lo be ncfitaipititird tiy M. I.acrula. ami 
they expedeil tti take up a ponltbui nt Fcodosla. Tln-lr 
main lustmnieiit was to lie n coelmlal with two mlrrurx, 
ofie of whl'h was to feist an olijc* live of n iiiH«*n< ' :i; 
leimilL for Miurlut* photinci-jipbs of the partial aaaWM 
a ii< I uf Hi- corona; the otlier to supidy liebt to a slit 

I* 1 "i i* fur tbe *tiidy of tbe rotation of the corona. 

M. Chretien proponed also to MUM idMomelrie mras. 
urea durlu* the partial jdia-M-*. M. Jekhownky ex- 
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(Ni'litl t.i Jutii thU |«rly, nml use- n nitnve 
of it tnchca diameter it in I 7 meter* rut I hit of curvature 
for the study »f the tpBOtnm of the rtirumtwphere In 
llir ultra-violet. 

Si. Salct. uf Dm* 1'nrht Ohafrvntorj. watt tu no prl- 
uili'l) m t- . . -J- i-i.i. Inking tmth an - - 1 in I or f al soil a 
fiBflllrt J rti ami lilt t'blrf einleator wo* tu hf< the photo 
graphic Kliidy of I he pulsrtxtilioti of llw light .if the 
MM< 

frVotlt*!* WM ab*o the xUfluti that I>r. Prrrlne ex- 
(•ccled to observe f rmit ; und of tlw expedition belli*; or- 
Katilxod by the I. irk tHwervnlury Ulaler Prof. W. tf. 
I'muimVII. ciiu* *ccttiMi was to pen»-eed to Kief, while 
tin- other occupied l\*odo*da. A Ku-odtiu (jtirty under 
Iff, th.nlteli aJati look mi uuartcr* at the lultt-r place. 

While unci of I he expedition* were concent nttliu; til 
l-Vi.|..-ln, It N hoped that other IlitelMlliiK efcWflffru 
tiMik up po-dtloii« farther north. No diaiM -a* vera I 
niaiilcurv both ltritl«h mid foreign, abut eomple: od 
lliclr |»ltiie> for the event. 

It l» hitorvethuf to Mote tluit while a tot it I Mn'*ir 
e» Una*, ftae* mil offer vvry llllM-ll scntpe f'T llw »t**»* o.' 
foliar ithutotfraphy. yet several attempt* wen* to Ik- 
iiuolf with final) Imanuuonts. Writing from tin- Mkolnl 
chief u|*o<eiati*r> at I'ulkoVu. |*ruf, tuic-kluhd (A»tf, 
X(nh„ SiK I74<i * KtuteH llut after a rxinferein-c with 
I he MlnlMer of Finance, every facility would In* offered 
by tin- 'iov. iiiiiH iit to further I Ite hltUNMbl tlit* vari 
mitt exiieililloiiM proceeding to Hu»da. ami thnt all In- 
MrumititK n -nil I w filltflW free provided observers 
return with Ibera. 

A Pencil for Writing in the Dark 

OCR |llit*.lrutloii, wlilrb I* derived frisju /.u fcflf Wft 
fin*, tdtttw - a rather Ingenious little device, a |M'Ih*II for 
writing In the dark. The half-tone engraving hoowh 
the general HpiNMirutire of the pencil Id u.te. while the 
llrw r\n on the rtcht dlxpluy* Mime of the detail* of the 
Inner iiierhanbtm. Hie source of electricity Ut a small 
cylindrical dry cell with uiie Me Item hi ted. The other 
pole, tin l< catdoamo In *oieh e«i*ett. U formed by [tie 
luHiilllc cuiitalner of the ceil it hi* If, u-hk-U, to prevent 
any pondble aliort cireultlux. U liiciiiwed In a iHtper 
Nlwwth. Tlw Ixtly of tbt> iH-iiell 1h formed of n nkkel- 
nlated fill**, ctooed At each end by a phikC The a WW ff 
portion uf (hit oervest an n MUp|>urt fur the (teiicfl head, 
which bofcla the lead. Our Hlimtnttloii nbtmv thin (tend 
Ncrewed lo 11 miiuII irhittt cone, whlcli ltaelf Is Ui-M la 
place by a rim;. Within the lower pluc. himI ncrewed 
iil-in (lit* main tVtaj In an i'nlartreim>ht formed In a re- 
flector. « mu m I) elerirlc tump U idticetl. ThU If* of tlw 
usual Kdl-xin l>|--. with wrrw »icke(. 

The upper plnx la a bat ipjlte cluitttc. It n.ii taint* a 
dUk of Involuted fitter, plerrvd by u ntud twrrlug as a 



fitpl>ort for n roll f-prlnj-. Altove thla la a acrew pro 
vldeit with a mllleil bend, whlcli, upon - -p-wii i; iheAti, 
0Aaan the *tud and vprlnc to eoniniunlcnte with the 
ttody of i be ti|>|uiratUA. 

After uiufrewliui tlw upjier pluc n muull evil can Im* 
Introduced, with IIh In nutated pole follow In*, Thm pule. 
In ti|te>rutlmi, la In contact with Ibt: correH|>o4idliii; pole 
of tin- tamp. The up|«r plutc U now Hen-wed lulo pbuv. 
tim mined head U'ln^ ■nacaewvd to IIm limit. The 




A, point: B. flaaa cone: C> ad) a* tine Krew; K, rap; 
V. body; G. reflector; H. lamp: K. dry -cell; 
L, roatart; N, upring; O, contact pltuj; 
V, Mt acrew. 



»prtriic pre«ea tiitoit (he container of the cell, holding II 
In J tin re. but briiuc Insulated It cunnot clow the circuit. 
If now like m I Hot I hend in acrewed In. a circuit It* eMail 
Untied Ihrmujh the following point*: llmt |hde of the 
tniuiK fiml pole uf the cell, MtruiMt |a>le of the cell, 
ttpriuiE. twrew. Mecotid iiole of the tamp. Tbua tlie cir- 
cuit U cumpMed and the current pas«eii I brinish I he 
tamp and ll-chta It np. The lower plnx HUpporlbu: the 
l-eiidl head can rery enally he drawn In, awl (he little 
iviicll can alao he converted rery readily lulo u imcket 
tordi, by »ulHd I luting another lump and cell, which can 
la* done In a few aeconda. 

ThlH little tn»i mutant Mbnutd prove Honn^ltlnic more 
thub an Intereattux toy; It aeeuit to U* deatlned to 
fulfill a definite mid useful fuitcllon. 



New Synthetic Coal Una 

A Mtw IlKbliUfi tan Imx been }»ret tared which Is 
eiiiliuetl to l»e much !.*><. t.ixU- t Kii ii wuier itau tir ulr 
icum, himI >et [*<»-M^tHlnjc it nilorllle p<t«er :ip|<roxtniaMnR 
lo (hat of eoiil auim. and. therefore, fur jereiiler than Iliat 
.if water ipt* or nlr zu*~ Tlie new BJBM may ha obtaltMil 
fjoao cool, from coke, or from wiiler sua. Whe-n e-m) 
|m ii-. .1. tliit it llrni ii ted "■ ; i i llm< ■ uml dlHllllcd at 
WW to UOO dejR. Cenl. A current of ttfenni In then Intro- 
duced over the coke mi prtnliuvd. maintained at 1MJ0 to 
MRU «leie, f>Vt Tlie total yU*ld of ican, frv^l fnnu ear- 
Intfi dloxhle. In aboui cuhk- meien. of m»t from Urn 
klhia of couL lu cotilithi.-* 7o lo ?- \*rT ceul of h)dru- 
•Ten. 1.1 in '.ii int enal nnthniM*. mid •'• to lo |«-r cent 
of nirUm moimxiihr. Ity reifiihttlni; (he reaction, the 
nmoiiut of eartMiii lutwioxlile may u* retlm-otl to practl- 
eitlly nil. The amount of nnimonla recttteriHl an u b>- 
1 rotlncl I" more limn four lino** ilnil ntifiiliied from the 
Hume cual by the ordinary niHlfHb «tf dh4lllultou, and 
Hm* volume of lUthtlnt; tmn |p. debt to ten lluie> ifreoler, 
TIm> whole of llo* liltrotfeli peeMelll In Ihe eon) Ik cole 
vcriitl Into HiMUnailii I'omtW** r»nJ. 

Drivine; Away Moaquitoes 

t'i ajajp welU and ci«ii>ru« nre favorite plueeit for 
imi«i|iillta*a t«t ihiMidt ibelr *xk*. uinl fi»r the imriwiMr 
tif driving them uwuy tin* line of mijttithallli hut Iteeu 
a||EPhi|fdJ. Naphflmllii, IniMfter. hu|«irtH mi uupleaMiul 
(aide and o*l«*r to diiukltur wiiler. mo ludead of tiprlnk 
Unit It on the •o.irfuee of the wuter, after Ihe manner of 
u>lnu: oil for the purine.- of rhlillnit tlw water of mtm 
tpilto and irnat In r vie. u itinnI plnu U lo HiH|«-nd a fan 
txnliilnliiit naphthulln over tla? water. The readily 
volatilised HuUdauce will chance the nlr In any cvuillued 
s|oec and drive swny lite feinak' iiioMpillo that aeleda 
thlH place for her ciopi. Th ttiiiue im*lbixl mlifht he 
sJPhflTJfisJj adtitfrd fur the protection of dark rind ilniup 
pUcett attout hiKiHea. Kx|>erliiientt>i have Hbown that 
uaphtliallu rapor re>nltliiK from natural evnporatwn t% 
fatal lo larvw lu wuter la wrll sh lo the adult *'mUt 

pjnftaa, 

A Substitute for Pljitinum 

So URK.tT U the demand for plalluuni. for unr In elec- 
trical uiiiMirattbt, thnt many effort w hate Iteeu made to 
tlevtae Mmie Miilmtltllte tltal ciiu take Ittt pluee and tie 
produced At a neNlerule price. A recently imfented 

fulrdilule I till I l.i i'! l-ii.il lo 'm Mlitllhle i.IhI tuil|ifne- 
ttiry for electrical eiMitacfK iimihUIm uf un u 1 1> ■> of <!> 
per cent puitiuuin. IT* \*>t ceut it old, 'Jft |ter cent >llver, 
ami ir» |M>r et*m cofiper. 

Mtidi of Ihe (ark Used Tnro« K haut Ihe World 

cajBhpi from l'ortusiil. whlih hnrvetttt* hImmi! :*>s*h> Umn 
a year. 



The Flying Machine from an Engineering Standpoint — IIP 

A Review of Recent Progress 

By Fmlt'riek William Lanchester, M. InM., (!.K. 
Ckmimued from SeiBimric Amkhican Scppi-KMr.NT Nu. 201/1, I*:tRe 1 \'2 r Attictmt l. r i, I HI 4 



4. /to.tj/ i:, *i*t*/M,, , -The body retdwluiw-e. at* ul ready 
•unlit). varilM apprnxltnately u* the *<|uurc uf the 
vHiM-liy. It m therefore evident that, with n machine 
of Klten welrfht. tdnce (he llljcht reHUhiiue pn«|a*r t 11m* 
aerofoil rewintniKei It cosndant. the hbttn-r the Alcbt- 
-J|ieed the more M-riitila relatively dues the •|Ui-wtli*ll of 
UmI) rexlMtniM**' hafjrajaaji ami th*> il«*>ltcn ' the ear and 
lt« aeee-t«mrh-*-. -nt h at Hlluhliua Hear. He., h* a matter 
of hien'nr«iuir lin|Mtrtiincc »*• lite com teiu plated rtklit 
vHnrity tNittiucM -frvnter. The calculathin of body re- 
v|Ht»iiee In vol ten the itiinpuliilhai «if lite r»*»l«liiutv of 
em h iuilitldual element, iiim) lu wnne rmaoi nllowiilK-e-t 
for Ute Interference or luttueikcc of one element or pur* 
tlon on nitof h*-r. TlittM In the e*iinputiitliai of lt»«ly re- 
tthdiio**- It It BWaajfll to hate nl eoinmaiHl tubulutet] 
r»-*ullt of Ihe n-il-danee of «\mr* af Tarltam Mi'thaut, 
Wire«. whreeltt. himI Ihe like. In uddlttiai to il •uifBcleitey 
of known data aa to *.( renin line lajfjaj of tatiiaiH 
ih-itreeH rat |«*rfe>iloii. A inuHlilerMltle anmuiil of ex- 
perimental »lata hn< now been eolle-iietl In Ihlx dlree- 
BtaaV hut it irrent deal yet remuliM to U- dolM*.'* 

iii reHtHtaiM**' of tlu< ...i. . n r r i--< 1 - bt a 
fmior mi which tit | n -.. t i llw Informiitbtri nvallnhle 



• iim* imm*M NsmbI aajlnar a) iiwo-i i» hn tar IimI(ui«* of 

OM K»aiili«-r* •»% M»> * ' i**/»- Ibr •nine ruatltor * 

1* per on i •urxntfthle lo- \*' llltt In Aeruplaiu-H." .ii-onnrir 
Ahuiko a* rrit.wtttr. K«-»oao-> Mth lull. |auee tet. 

■* Ft»r tar rojthtafMv r»»-«*aVli-iii« irf o|>«r* **tn» fie nr*n«nc*> 
ahoutrJ br uiMle lo (br trt/knu n-|Mitf* .»/ Ubr AilvUory t 'mnnilto*- 
tur Aenaiaullen ami tin wi.ik -J Mi KMil mhI utter* alanaN'tiua 
U folluwlllir 



Ih the leant aall-ifactttry. niuee It la rarely poN->lhte for 
like de-dinicr to ntltipt a ehtve approximation to a per- 
fect »d roam-Hue fofm. or a ftirm for which the reabat 
a nee coefficient hiiN Ireeti already tlelermlnetl j It la 
tumidly uerrssury to have nt*oun*e tti mtNlcl experiment 
lu each liMllvblnal cum-. Tht» U no more t hum .mi ■' he 
»<X|ieet*«|. In View uf tlw fini that the wilue appllee to 
tlw i lo** I i(m i if a tdilp'M bull when any delairlure |w 
made from exIntliiK pructiee. 

A very* few year* aint little or uothlnj; wan kiuiwn an 
to tlw nmlNtaiMv tif the mm** I led Mtreum-lluo or Ichthyoid 
body. In ItaetU I uuole hii|ulrie*t In Ihe etaleavor to 

faaaaj VIII. 



Aiillnlly. 


Iaui> | HeftiarkN. 
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n I.". • -Urn a* Mipn**l«ftftlr onljr. 
11 1US' rVitta roiult et|MTtine*iln kl 

, 1 he uf VoWiii 

| fntti. 
0 tttl I'ltrn «« aa eaprrtmental 
deU-rmtnal Itm It) lite late 

I Ojamrl lUwani 
0 «W Aitiial tttr wat«e ir*thi 

| ahoutV : l>, 
« ctia Probatav fur air 
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IBM 



oMnlu Htnie lliturett on thbt MUhjeH. I'or ImmIIcw eon* 
atttUttaK n rouLfh Iniilatitin or ii tpMid lUh fttrm. with 
nttio of leforth to tlliimeter of about <S lo I. Ihe nirure* 
rel vni In Table VIII were «u|m,iI led by the d Iffcrent 
nulhorltle>« named; Ihe flaureN, kIvmi to nap lu rarioua 
forms are lu re r«iJu< etl to represent llw eipilviilent of 



normal plane In lermtt of the uiaxlmum er*ee> -aiilon. 

It would Hpt ten r fnun Baa PS reeent ex|a-iinienta. c:ir- 
rletl out itt the Koyul Aircraft r'aetory. ami tit the 
Niitloinil riiyttl-eiil Irfilmralory. thnl for a well tlesfcnetl 
Ktream-llne form Ihe lH**d renull tt ( » fur recorded I* np* 
proxiunitely no7. tlw <«wirlctent ttf tajasajsai Icorfh.'dbi- 
niHer tielnir roiiml attnut tin* value 4:1. 

Tlte ptotrliii; xi\*'tt lu y\A -*)• I- hnwl on a -»*tiet of 
deroruiluathuiH tiimh* at Ihe Hoyal Aircraft KaHory. 
with correctlotit tfor which I take rr-*|H«edldllty t to 
eomiNinuite for the dlffereinv In tin- ttM-lflclenl of ^klu 
f Hcf Ion between tlw vHoeiry, 'H* Put t l a M Oaaaa, atiually 
einployetl and an it-«>uiiiet| llleht-<|>eet) of ?u inlh**t un 
hour. Tlw plHtliu: rfprcwnl* the rewbdaiict 1 ii«-ill«-l*nt 
for In Miles of alHHit J feet to .1 foet dlatitHer. 

When wt- turn <air atteitlhai In Ihe tie-* I ten of tlw hody 
of machiiH't at they aajM lo-day, we Had that ultlw^ucli 
It in biH-iaiiliiK ctHtotiutry to irlvc Ihe fino hisje a i|Im(Iuc< 
tt-h lUnf out 1 1 nr. It in rare that any rent iifteiupt t« 
RBjiatf- I" nt|t,|ii ti •lefhilfolt ftrmm-llue BT true U hthyohl 
form. nih'Ii as fiupltiyetl fi.r llw evperliucnhil detemilua- 
I bunt nl ready cftetl. nml eoamionly umiI for dlriafble 
Imll.M.ns. It If* Iwt ■OlftMelif to tflve n rolllth Xeiierill 
outlliw hi the 1h*I,v If ti nmii Hiil retltM-llon In the re*l«t 
snce 1m n*t|iiired : it U tit -jo funlwr tlmti tliK 

and to n roh I. art far nn |M*««dhle. cortwrM ami projti 1 - 
tltuiM <if every ite*-erl|ii ■ * • ■ • In iniiny jasaag \<> tlw fordy 
foniiM ajrasrj ttttlay th*> saaaatNlwe I* nearlT a* ttrtitt n* 
tluit of a normal itbim- snjaul to tin* nil-) wilmi sren. 
and u Ixttly with a eta*ffielent of IrM than nr., hi view 
of current iiraiih-e. mu>t lie re-^inted a* exceptionally 
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g.ssl. As a i'imiw<||h-imt Hit- resistance .if I hi- fuselage 
mid |4lsHf tigers ulouc Is often .s|iilvnl.-lit In Millie It or 
-4 stjuure fi-ct. whstrcil* mi equivalent -ulltlilerably lews 
limn 1 sipuiro f.s* iiukIiI lu sulne*. It li hot only uktii- 
Miry In avoid up-standing pruji-rtloiw. such as vrUid- 
w-ni-ins <-li'., liut even su.li things ns longitudinal angli* 
should In.- climliiiiti-d fnuu the design ; thl> latter iwliit 
hn... Im iinnlally Invotlgiilisl l.y lliv National l'hysl- 
i-lll l.illn.rator). 

Ill the rnillhau-Talin nia.litnc. mentioned In the re 
searches irf Mr. K1nVt. the question of Issly f*irni has 
been .tu.ll.Hi with extreme care, the fiwoi of body era- 
lil«0»-l Is-lhg substantially a moIhI of revolution, as given 
In I'ig. Jld. The only irregularity lit the fuselage U In 
the nia-mire for the irilot'a body, which has clearly been 
redm-isl !•• the minimum isMlble. According lu the 
results given In Klg. 190 It wuuld be allll better, from the 
l^ilut of view uf msbttancc, tn ilcaign the- rasiy an the 
III.™ shown lo Klg. 21*. making tbe body only of sum- 
.-lent length tu contain the pilot, motor, etc.. and carry- 
ing th* tall-organs fr.HU a tubular rmif luuatlou. A 
m«sjcl t>f lulu kind, amde and tested at tbc National 
Physical iWicty tfruin design* uf the llnyal Aircraft 
l-Hcturyl, gave a normal plain* equivalent of iilkilit ian- 
Hflh uf In. nuixlniiiiu i-namsc-thm. The form was Iiii- 

|.lf*.-t an ,1 streamline iMsly. utnl the slaull mm 

full slvel. otherwise rendered tin- resistance higher Ibnn 
would lie In artnallty. Advisory IVionnlllis-, lt-|*.rl 74. 
|uiin> 17T. 

It is evident tllat will) suf9ic-ieht cxiierlencr the bmly 
fust-Inge resistance of an ordinary two-mutt macbllpp 
should bi> caiathle of reduction to the equivalent of 1 
s.juan- fool area or normal plane, since a good tnouk'l 
of htrraui llnr boily of 5 *|uan- fwt maximum ncrtlon 
wboabl in i\s*\t offVr Una than bnlf Uila ri^Ulauif- 
Artrtpil to tlilM. vcv liavp tbe nllRlitltuj i.*hn>ni9 ami auxil- 
iary KUrfu«-*«*. tin- rt-«li»taiin? of wbk-li nlmulil bt- i-ataiblt- 
<»f brluc ili-nlcmil for im njulrnlt-iit of 2 «guari* f«-t if 
tin- ilrnl£li Ik- titilOliil lu M'l-ry iU>tfltl, lluiklne .'I nqunrf. 

fi-i-t In till, on n l«i.l* of Ml iull» mi Hour, tin.- retiM- 
uih* will tliMt miMMiiit to 00 iwuiiJh, or, say, a|«iroit- 
atatrly, 5 m-r cniL Tbc body nutxtanci- tu llw ma- 
rhlDi-a of to-ilny u vi-ry aittr-b ulgbvr; It U romiiMwily 
llw ii|iilvaw.i>t nf at I«iM »om* 6 aqunrp tret of iMmual 
plain-. Mr. Kiffi-I ttlv» 1 anitan- nietrr (10 aiiuare fert) 
us umjal. 

n. Totol «"i»»«/a«rr.— Kit 22 r*pr«M>til» eraphVrally 
On- i««ltlou wltb wIiIl-6 tbe dMliu*r ba« lu roue: tlir 
iMiritlolltal IllH- m repre-M-ubl an arrofoU n.ftiiitauoe eo- 
rltt.'b-ut uf 7 iM-r cn.nL Tbo curre 2 rrpma-nta ( from a a 
a» ilnrum I tbe ndilltlonal coealrtmt due to body rwtat- 
aiKv on tbe anaubtutlon tbat we are dealihi? wllb a ma- 
••hllie uf 1^00 iwtuida wi-UttlU lu which tin- btaly mint 
aiw- hiu. th«* «iulv«i™t of a wittam fwt arwi of normal 
plain! i-nrip, 3 reiirinenbi nimllarly tbe added Iwdy rf- 
slKtailcr on a battin of 3 square feet; llova 4 aud C, 7 
and 111, re|»n-iu-ut ■!. .*>, 7. and 10 aquare feet, res|HH.'- 
tively ; titrve 5 may be taken roughly lo roiirenetit tlic 
brut orai-llce at the |ire«ellt lime. It Is evident tllat 
mi lout; an ttbrht-Hpr-cda were limited to 40 lulled an 
hour or lesa, an wan the caa* n fnw yram a«x>. the body 
n-xUtauee rruialiied a matter of minor Iroportaaec ; In 
fart. In the Wrlsbt machine, »di1 In aeveral other ma- 
rhlnea of that day. tlwi lillot aat fully expmied,and llttlu 
or no ottrtiiM wan made to mlulmlxe reaUrtait<re, wherr- 
il* with npreO-f uf W lollv an hour the body radataoce 
will, unlcxs Kxeat care la taken In tlw deslen, cooald- 
ornWy excewl flight n-,UtuiH-c w.-per. rig. 22 dura 
uol retireaeut the rwliiuiice of a irlveii iniK-hlue. flowu 
at iltifrnrut apeedH, but rather the renlntance of a nerl** 
of marblnca of given welcbt. each dealirued for leaat 
rr>latant-e at It* own particular »|«-od. and with body 
nwbitanoe eiiulvalent to the area 

Heferrlng to Klu 'A It will be 
tnutlia. coelbcleut In the eaae of currc 5 at SO mU» 
an hour l«, ronghly. 15 |icr cent, the gliding angle eon- 
M-pu-iitiy N-lug 1 In 8.7; lbb< b. allghtly belter than 
llw- lic*t lli,-i.iri.i actually obtained in the ullilury trlal-i 
of lbl_. Tlie lilxhint apml nt the military trlaU did 
In.l tom-ti 7u mili-K an lioiir, mo that iai tlw haaia giren 
tlx- gll.llug aurte iibonld Imte lai-n Mtef than ftUU-d: 
no nllowiimv was nunli- for tlx- drug of tlw |iro|a-ller, 
and It 1- pu~.ll.l- til- dltT.-rvme U due to 1hL« farUir. 

'I'Im- uiM-«tl..u of I^hIj r.-xlMlam-.- has for maur lliue 
I. -..I. ii o.utt. r of i-im-rn) study I.) tile Muff uf the l(o)al 
Aln-rnft Ka.-tory. ami 1 uiidcrslulwl tliat in some of Ibe 
later modi-is the eipilnili-ut tu^mal plane area has la-en 
n-ry i-.aisl.li nil.ly i-dlir-isl, If we take an aerofoil 
..mclcnt or 7 per « ul. ui«J a nine n-im-seulltig 3 aquare 
feet tsinll'ill.-llt normal plane, we Blnl tbat at SO miles 
au hour Ibe gliding niLgli-. or the reslstaii'-.. coelhchent. 
>li-.iild be ii|.t<r->xlinnli'l> 1- |s-r .viit. or at 00 tulles i>er 
I*. sir 10 js-r is-nt. 1 lielli've this figure to be In slghl. 
Ibi-l^l. It may not ).-t naif lw*eii iictmilly reached. 

A.-. Illustrating the ext-nt to w^iich the prewiil-diiy 
r.r.ulb. Iiavi- Ihsii null. Ipnted by llleory. In 1007. deal- 
ing with lb., .pim.tl.ai of the power ex|ieniied In flight. I 



nun lJ 

lil|a/r.jXilaalel.v 1 In .'i ) to tl deglee*. lapprxiviiniitely 1 
in 10), lu the military trials or W\2 tlw worst irlidlng 
angle rccordoil was 1 Id fl-fl, aud tas ts>lnted isot In the 
prm-eilliuc inrnKraplii the preanit day Bpire Is grad- 
nally ii|airi*ii-hlug 1 In ID, 

If we try In ibe light of itfeaent data to look into the 
future. It serin.« immablc that the limiting gliding angle, 
or. rather, the minimum ti*al citrtDclenr of realslanec 
may even Im- materially lea. than 1 In 111; thus. If It la 
In spite of structural dllhciiltlc*. to ob- 



cleut .if resistance for the aerofoil approximately to fl 
per ecut— and If tbe body area eiiulvalent, for n ma- 
chine of. say, 1,200 pound* iroaa weight, can even- 
tually be reduced to 2 aquare feet, a total cuefltcieut of 
resistance as low as Is per cent may prove well within 
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wll.-lbcr tin- sai-rllks-s ii^s-^sary In order lo 
• such rosults lb pnn^t.-e w.wld be jostloed, the 
future a loin- ran decide. The solution of any engineer- 
lug problem la always to some degree n matter of oom- 
prtanlse. awl It would be rash to 
case of the flying machine there ure not i 
of sufficient Importanoe to render It tnadvlaable to nut 
after 111* Inst 1 per cent reduction In tractive etTort- 
A graph Is given reiireHClltlroy the cwflScient of reaUt- 
am-c on the baaU of tbe present paragraph In Fig- XI. 
The aemfoll eoetnelent of traction Is Ukeo at 6 l«-r 
.Ight of the machine, as before, a -Mimed a« 
1.200 laauids, and the suggested total of S i«-r nut 
fxirreaxMjQids to a flight sishsI of iimrly NO mltea an 
hour. 

Kefore we liave finished with the que«tlou of resist - 
mice, we need to know something as to lite gradient 
of ascent, or climbing power required. A machine that 
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b. .ml) .-nimble of l.../1/..Hil.l flight I- ivlrli ill If i-ulti- 

It K well uii.leeKt.nd, t.*.., that utt.v nia- 
ati lu-.nl1l«-iL'ut rule of n-ujcut Ik liilrlii*icull.v 
tlitngrruiia ; n.-t only dor* It rauaiu too long at h*w 
altitude, when? any •'fluke'* 1» tlx- wlnil In ti> bring 
alMiut dl-iuxlcr. but hi hud weather, wbeu buffeted about 
I.) the win J. a pilot may find hun-*-lf iucapulili- of 
making altitude *ltn--.>t1irr If hi* Initial margin of |.iw 
er Ik HiHUlBrlHit. 

Til** rule of itst-cut ft>r which provl-dou hnt< to lie 
mudc tlcja-uilit very nmrti upitu the -=rrvk*o for which 
tlu< tihoclilnc u r»h|islrpd ; ror tlw ordinary upctl* of the 
jixiviiuiiit wlio wt-*lit«- to make i-r-r*tt-<\iui-i ry fllglitM un- 
der lnlr-w.-j.nwr ,-.-iiilltSiui», u margin of ixiwer repro- 
i-entlng «H up-grade <if -"• |»-r cent i.r 0 iier cent uii-enm 
lo be alnple : tiiere 1* |iruttiihiy no reul litlvautiu*e In 
liny greuter prorlKinti. For military or naval aervlre, 
on Ibc other hand, tiirre n re wlUiont ibiuht ncciv*.loll"» 
wh-n everything nut) defieiid u|-un Hie rapidity nl wbk-h 
tbe uuleblbe can make allitude. 1 fuel that 1 cannot do 
brtler than «iuole from the .pctUlcatioroi given by til* 
•ni|a-r1nteiidi>nt of thn lltiyal Aircraft Factory for two 
type* «f machine, naniel). "U.K. 1" recuuuaba-aore 
aeroplane, ami "F.R. "1" gun-currylng ueruplane.** Fur 
tlir llrst of Uieae tlie rate of climbing itciuil ruled la UUO 
feet |**r minute, or, hiking lite normal tlight--Ji->-eO at 70 

lllllo* |«-r hour Idle >|-n-intllltoii give* luailuiuui 7*t 
uiIIik per hour, iiihI uilulinuui 4M, we bate a cllmblng 
gradient of npitrullmately 10 |ier cent. For tip gnu 
carrying machine tlie *|hkkI u given ii* 73 lullee per 
boor, and the rate of clliiil.liig J.T0 reel per minute, 
wlilcb, exprt*-»*ed a* ..-tlinbliig gradient, la a trtSc Im 
tbuji 5*^ |ier cent. Maidfe-tly a niarblnn carrying a 
gun of wornc kind (prv*umably a aiachlitc-gun I , and we 



|«*rha|H u few -tquare feet of bullet |m«if urmor |»latJ>. 
nectbt to Ntcrilk-e Kiicut-tbiiu* In tbe matter of climbing 
power. 

Tlit-re I* good rctix-n to fiipp.*-* that if a demand for 
blgber i<|ieedi tllati llue-r ut iireaeot attained la In Uie 
to be saUxf)ed. Uleeeiu will d^wnd to aulBC ei- 



iiihI us I he .-.i-iiil (► |ir<ii;ri-iMn-ly lm nn-.il the- vikiiiimi 
Iroa.l.^. noife n till m.iee «.f Ilie bliidi* area, until the 
greater oart of the pru|>eller 1h.-o..iimm InelTtH-tl**. From 
the erltlejil *|ieed upwanl the detileii of the Marine |»ro- 
Iwller heeoaim a .iau|kroniUp. 1'hn extmulty of tbe 
Made 1h tlrnt ibulgtied bruuder to atvbl develui.|ng |irw*- 

to Hie additional »kln frl<1bm lliereliy IokiIvihI. It U 
foinel dexlrable tu ailofit Itt^ber plteli/dlaim-ter ratio 
lo |irevrnt IIm- eMreroilie* eultlhg llw water wllb ex* 
ii*M«4re vel«M;lty. Kvriitiuilly lite |>ro|>rlter fur high- 
**)ieiil <-r*tt boennim tiue of extretuHy eiuri-p |ilb-h. with 
Uhtdw of »liort or *4Hii-er-llke for-m No mii-h ililng an 
invilalluii l» exivrlntretl In tbe nerotiuulbal ( iro|iellvr; 
if we elmuld renlllre to .lent with |iroj«-ller Waile k-hhsIh 
n|i>riaiehliu* the rel'n'lty of mwnd, we mlgbt llnd some 
thing analngoUK, dm* to tbe blgh rarefuetion of air, hut 
at |irwM tbe iierouniitu-al ilexlgncr eau alTonl to 
ignore all i)ue»tlim of t-aviuiloii. 

It la fret|ueiitly atated that the theory of the M!rew- 
proneller 1» nnUrely emplrieal ami quite qoaatUtf (ict.hr) ; 
this Id not ray opinion. The theory of tbe err e» -ihto- 
la'ller. baaed oo tbe theory of the aerofoil aa laid down 
lu my "AeroUynainb-N.""" uppean fully to -wet the r*'- 
r-nlmu-rnr* of Uui aeroiuntU-al ileulgner. Aeeordlng tu 
thlH Ihivry lie- iiri-pel'tr-Wa'te l» Iri'tited >h at, 



Pip ?e 



By referencv to Klg*. X and St It will be arm 
how aooii with likcreaned flight apeeda thn qaaatton of 
body reHi*ilaiK*e beccniM**i a dlaproportJouate factor : It 
bi matdfe-Etly uuiMmdble In a naehln*? of given aiae lo 
red in -e the equivalent normal lanii* area beyond a car* 
tnUi i«rlnt, hut It la erldeot that by Increasing tb» 
weight anil lamer of the muehUic the elfoet nf 
body reaktanei-i may be renrlerod It™ Important, sluci* 
an increiiAe In weight and power does hot miulre a 
l>rn|MrtloMitely aerloiK litcreaae In tbe alae of the mem- 
ber*, to Whk-ll tlte body rusUtanee la dne. Alao *.tn*.-e 
tile wiuare of the prialuct of I and V varlea directly 
an ibe wi-iglit (where J reprewntu the libeiir hlae of the 
aerofoil ) the value or t l-> alao a ruuetion nf the weight, 
a u<l illuilnlnbea -.lightly an the weight la liiemmeil.'* 

8. Prupniiiitn. We are now In a |-o-4lll,m to outsddcr 
tlie ijiie-.tl.it, tif prtipulalon. Whether we a|*i>etil to 
et|*ertence or tlieorj It would appear Unit there I* only 
I of iirop-jbrion aeaUuhlo, namely, tbe acrew- 
of propulatou, whether aero- 
nl or aubniarlne, la eaaentially llu* • 
of dynamic ulnillurlly, wltb certain 
atrtetijv applicable. Roughly itpenklng, the cvtidltlotia 
of luage of pro|H-ller*i In water and air may be com- 
tinred by merely taking i-ogDlani-e of tbe relatlre <ten-d- 
tlM of tbe two iix-dla— airproximati-ly Hilu to 1. Tlw 
law*, of dynamic alinllarity lndlctite that Uila relation 
fc« nut exin-t. hut any refinement of tlienry on tiila m-oi-« 
ka of ai-atlenilc rather Iban of prai-Uenl Importance. 
A|iart from nix [nAalx of thU klml, tliere bi a limita- 
tion Uial rendent tlir air pm|-eller and the marine pro 
poller ntit aUlctly nonparaMe ; thU limltatb.e la due to 
the appearance of 111* |«enumeuon known to the naval 
engineer aa cavitation. The law of the relation of 
preaaure to velocity for leant realaunce appllm to tile 
blade of the aerew-propelier precbsely aa It iliHat ui tbe 
aerofoil Itwlf, bo that If a |iru|-eller la being deaigned 
for leiial reahrtauce tlie prej-aurn per aijiuire foot at any 
point nt the blade muni hear Ita ruliatailit relation to 
the aquare or the Telocity of the blade through the Haiti 
at that point- In Ibe cane of the murine i.rojn-llt-r till-, 
reitulta in a tqiccd l-elng reached (at iiImjuI '30 i-r 25 
kluita apced of re»e-l) at which tbe velocity of the 
litiitle-tiiM |» tnich that tbe tK'gatlve prtttmre (tin the 
back of the bludei, baaed on the law of leaat ee-ilxtance, 
la greater than the liydro-ttatle (nbanltitel preit-ture. 
Tnder tbet-e condlUima a vacuum la formed tn the 
vicinity of the Mnde exlremlty, and tlie nyalcni of flow 
U luiiHilretl ; Ibia la tut- condition nf Incipient cavitation. 





It* p/V" ratio at every point t4 tbe blade la lixnl hy 
the name law aa that of the aerofoil aa given ; follow- 
ing thin the gliding angle of tiie 
•utnt from root lt> ll|>- The aeetlon of tbe blade la at 
every polul dealgned aa au aervftitl. In whit* the tru* 
lielk*al aurfat-e t-orreo-iamda to the bnrUnntal plane in 
flight." I rxler tlieec clrc-umatanc-H It la nbown In ay 
work that each point of tbe propelier-hladu luu etfl. 
cb'tK-y ]>i-jrner to Itaelf, ami la re|ir«ruted by a curve aa 
plotted In Hg. ai, wlilcl, eorn-.,«wU to a glblliic angle 
of tl ttegreea, or. appruxltuately, Id |*r cent. Vniier 
tlinte ntilKlltlole. II will he aeen tliat tbe retrJon of maxl- 
inam elllcieney U Ju»t over 81 per ■.-Hit. I'nftirtunntely, 
we crnuuit iw only tbe region of maxlmnm erflcleucy ; 
we hare to employ the hlaile of t-on-Jlderable length, 
ntul corwequMitly porta of the blade have an cttU-lcDcy 
below Ibe maxlmnm. If we laie a propeller of Uie 
.e pitch U about 1W time 
the dlaoaeter, (hat la, auch a hlatt* aa ia trjireaenled In 
flf. *M, we aee that the marine engineer dectlnea to 
employ any portion of the blade wltb an eflldency of 
leaa than about IK! per cent taf th« noavlmuin— that la to 
aay, the eflnciency of dllterent point* of the blade varies 
frotn Tl* to M per cent. or. 
of rmclom-y of «uch a imjia-tler 
77 per cent. Unfortunate.), a pro|ieOk*r "Ui being" 
canniu: ct'lmitt of bladea alttie. It rtituln-n a Ihhh aud 
a connectlou between the bona aud Ibe btatlea, atal In 
driving theae funcltnnnlly uaelont |>art« throujrti the 
wnter a cnroiklcrable further loaa la Inevitable. Prob- 
ably II I- for -Iila n-aaoo that the actual elBclency of 
a marine prtqiellcr rarely exeeeda 7* pot cent. In my 
work, a dealgn la given of an aerial propeller baaed on 
theory alone, In which a very miiae-rvatlvr nttluuitc la 
taken of tbe gliding angle. If, in the light of pre-a-m 
knowk*dge. we asMime tbe propeller-biades lwlng of 
tie -utpecl-ratlo <vTrt-|«.inli,i K to thnt of my 1MIM gll.l- 

h* about S or 0 per cent, and we might nl.lk'lputc >, 
llicireU.uil limit to the pruiieltcr etllt-leniy of S» or Bo 
l>cr cent. We have here, aa In the murine propeller, to 
provkl* n bo**, nntl arm*, nii'l we roinlre to take Into 
accamut tbe fact that It never pay» In practice to take 
I lie full din router of tbe propeller that theory w.aild 
tnilk-ata (It la better to -acrtltc* a few per cent efll 
dency to aare weight ami clearance dUm«ter). Every- 

u cl, la. 

»bkw -nrn-tt. too analn-rr r«tw*ini the 
the tatter la not ahle. to Un< -ante 
dead-aattr wake ; tan lmi|i«akr* 
\'t ''"" 1: """"' 11 !•>• •> eir.f^j: r.^-.. Tn- ; 



tbitii: cankh-t-itl. I n Uj.«-.| I., put a limit nt etlt- 

cl. iuy of tin aeronaut Icul i*ru|»-llcr at about M (ar cent : 
Uila la lilglu-r Ulan luu la-en found i-oavible lu murine 
engineering." 

My metuud of propeller dtxlgn hn» been ad»i>ted atxt 
cni|iloyed for aome years by tbe -lU-ierlnlendeiit and 
atalT or the Itoyal Aircraft Fart.iry witii very -<atl»fat- 
Kiry reMOttn ; at present there In but little available la* 
f.H-matliai iki the i|uts*itk*n of cilkiency owing to the 
fact tliat the arrangement* at the liL-l-uaal of Ilie Ib.yai 
Alttruft r'a.-tory do nut penult <>t the Inaliu* of full- 
alxed prot-eller-.. 

Working drnwingx of u proi-cller. d«*lgll*>l at tbe 
Royal Aircraft Factory by tbia method, are given Hi 

Fix-. Si anil -M. For the hill cxp.«iltl.« of ayalrai 

of "laj out." reference ahould be matk* to tin- work 
already referred lo. 

A* an alternative and purely empirical baal-i of trent- 
tneat, we may full buck on our experience in marine 
propulsion. Tlu-re la a prattlcal rule which appears to 

marlae propeller for moderate apeed aea-goiug ••raft 
Tbo area of tbe pronclu-tr dude la a|iproxlmutely 1 [icr 
oeut of tbe total welted nurfaoo. Tlila rule haa been 
found by me lo repre-tent a rough average of the prm- 
tieir In rnrlim* nt-ie-i.* 1 bul wbetlu-r it la an uci-c|«lcd 
rule or not 1 do not kiuiw. I*.*t u» take tbe ui-e of u 
flying maohliM- luvolvlng, «ay, a throat of -Jilo iiouiul. 
ut 80 feet per aecoud ; at tld* nai-d Ibe frtclkwal air 
reab-tant-e will be approximately 0.USS iwuud per -aiuare 
foot of ant-face (0.07 pound per airuare foot of liimhia - 
1. e., double aurTncel ; tbo* the reauttaiice tif the ma- 
chine la approximately represented by (1,000 aquare 
feet "wctto-l" -rarface, and, following Ihe ruk* irivrll 
In the case of water, tlie propcller-dlak ahould Ik- «0 
•aiuare feet ; tills cortwiwnda to a propeller diameter of 
alamt 9 feet. In an actual machine of about till* atae 
Uie profa-ller la ct-t-uooaly of about 7 feet to 8 feet diam- 
eter, which, taking everything Into account, la In nub 
atautial agreement. Tbe propeller employed In flight 
In of necutadty I from txiiMideratluii of the engine rev.*- 
lutlou apecdl of finer i*llcU than that of brat efllckii.*}-. 
Cutler theae coodlllona Uieory ahowa that the tMrrcct 
diameter ia leaa tbnii that of the propeller or Iteat 
diameter pitch ratio, aucb aa employed by tbe 
architect. 

There are (In the preawit atate of the art) two | 
neirt rettaooa for Ibe adoption of a propeller for nero- 
pllcb than that of gt-eateet 
la the quiKtion of auUlng tlie 
pitch of the propeller to the running »need of Uie en- 
gine. For tlie power ueotxarary lu a mi-.lt- ni aerojilaue 
(from .10 to 100 bone-power) a atrutte of about 5 iDcbea 
la found to tkartgn well in proportioning tile engine; 
now It 1* uneeoiHHDlcal both froan the |iolnt or view 
of wt.lgbl-aavlng and or gnaolliie cotiHUmptlvt) to employ 
too low a pbtttin «pct*d: In fact, for any given dltnen- 
Kloiia of cylinder tbe power dtrvelopett la within limit* 
rougldy pmi»rtlotinl to the pMon apeetl. Taking a 
phftoii itpred t>f 1,000 feet per minute and fS-lnch stroke, 
we require 1U*00 revolutUina |wr mluute — 20 revolu- 
tions per neconrt. Aaaiunlng a velocity of flight of 
al-uut 80 feet per second, the effective pitch of the 
«-rcw rcqulre-i to Ik- -I feet, or iipiKoilniately eqmd to 
half the dhituprer of tbo acrew, lmttcatl of nt lcaat equal 
to the diameter, a* In a good marine propeller. 

It la, of counte. ni*t difficult to gear down from tlie 
engine to tbe propeller, in fact, thla haa been frequently 
done, but. since gearing Involve* a tax of appmxl. 
mutely S per cent of Ihe liorx-power. It la evidently 
better to drive direct aud aacrince soinetiiing In Ibe 
efficiency of the propeller, more eapeclally aa till* eoun*e 
Involve* a far lower torv-ue on the propeller-*haft, and 
ctnecquently a lower recoJI torque on tbe framework of 



<T» be 




> la nut than air. and too upon. r*Ua at 
Matin that can l-r nUllattl fur niarin* work It. •u-lcUy UniUcd 
tfcU fart ovtw titt, MifUKt of Urohe b nlallnly far aUangix • 
■netniifB tor the ortitantt-lit-B nf an ai-nataulJcal *-n*prU*-r Otao a 
known matt-rial, evan ttonptTnl *«**! ata-ul, wt-altl bu tor 
work, la tbe dtaurn ot an aertmai-tiral t-n-c-tltta-. atlvaniago 
be Uken ot Uie fact that a vtry Nllght foewanl alopv of the 
rrUrn-a tbo blade* of all l-tmdtrat -4rej-*w. the rt-auiuoi of 
cttautfoatj faet-e and pestaajre reaction I* tn Uie I ton of the 
aad too latter at caniequenUy *n-t-ar-ad tn pure 1«rt-4t-n. 
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lo 20 knou Muoad. gavo Um tlgur* I V pet 
t ynti l mor-aaelirtii tfrom pank-ulara auppuetl by the butMor) 
gaTTxaactty I •*» .»..t 
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NKW BOOKS. KTC 

Kiltkius and Ku.Tim t-<>u tiik 

HKPAkAttoN or I.iqitiim. .su .Sul.ll>*. 

rViHii thi- lirrnian ,4 K A. BuIiUt. 
Unulon: Norm»n K.«l«rr. WH. Syu.: 
litipp. I*ri«.. $4 X0, 

TW .ihftrl nf 




will nrm* v»r> t»Iii.1>Ip la pruliUc .ml 

kUAimrr au»|w tni wftl#rtnii place*. It will lie 

found ipwtUr MpfoJ to IndlvldukU h. h lint 
**urt In l*w«lng to ■ «1 m 



it romu* of apparauia 
I *rful U Ibr ubj.-«1 nf that tp«,t*m T»m 



Arm** 



Tayf 



VI. K., 



i UUr art, many and It U 

I iaiKln*wn> to kc*p p«rr with (be 
r alandanl and nniiy of ihr unwukl 
» and Hilar pnaarw art- dracrlrm-tL Th** honk 
la !ll»».irai*d by .«7 » n«r»uur». and Hm*v « nn I 



KWVKl'CTION. BuTOW 

MtNT. Ann/4 on ivon 
btiiurrai!nC ltatitmn«>l 
t. By Pwdiwk W. 
D., and Kanfnrd E. 
Thomson, 8.U. Tn\cn.aW»d and adapted 
by M. Dannv. Bam: H. Duniai et E. 
HoaU 191-4. 720 pp. Pti«-, *.Yo-t). 

Thl* b 4 traaalaUuii uf a w«w1t h 
of tho Aarwrtean H*ww+jr of Civil 
m*« tnlu tin- a bom «ah>f«n In ttwgr 
| detail. It t» filmd with valuar** 



Kn<ii.nkkkiki( (StouHiT. By H.iurvh lUu. 
and TtMMiUM L. WalMin. War York; 
John Wili-v A. Sim*, llm , I'-H-l Nv.i, ; 
072 pp. lYi.m. 94. 

Fdr mhw yuan tin- aiHIa*™ itf I hat h.a»fc h«> 
brra kflvuat Ut »luili.||t~ <tf «ivll ti\£ln.>irtr\x tn 
IbWr r*a«Ma*livii uuKi-mitms a «|n<1iU i\<un« lr. 



fuUuaad I 



l,,Mt- 



frtUK Tin* 



• avjhnd 

ii'in lik* i cm 4 aith murli dihi>m. and 

a*lopti<tl liBH KrfWTWlly 1***1 |R« ItllO 

iihor unlviaslth**. H hax ••iHTtiirtard 
ihmn titbHh'V.-that M ulilit loirfbmi 
to prffiarv tin- |**-*..in a..fk Tlmrt* are pny*«lily 
tint few poopk- of ultarevalkili ami px an ileal rt- 
pflfW *bw tlouttl I Im* ■talwr |>ru(vr K-.*«ilt*-.lral 
Iralnliilt fur tl»r ^twiinvr *)lii>v h.t* Diiut Im %xv*- 
panxl lO uiurt biitl I'Mn tit Milt*- «ian> |in»Mi*tttM 
whlnli liivulvr Kiiilikjcli-mi |irtr/Hiilt« Vtw u»H) 
klsuwkiljt* U U nntmtatr} th«l I In- *«u;ltHwr nhtiilltl 
liavw ■ulniuatr trklntriK til aL d*««t lltiwu* fna>d»- 
iwnUl |ir1nHpli«< n/ iry«ilikH^ wtih'lt r«la»«* t« 
MfaiHrrtna pr"W«*m* Th*' »iiihnr* h»vi* ntn a mpt*5il 
(« •raaplkatvlt*' UiroiutliiHJt th^ l»M>k (hr |n~#/-i*nl 
ajiDjkatiorD uf the lopl>*« tn**!^! 1o cnrCtni^lBC 
work, brcauxf Mlhrrto iu niaay itadnn-Htriic 
oouraca at stud) lite *tii((J«-rt uf ikiiIihcj htw av( 
boMI ftlViMI Ik* att«V)tlii|l which lln> ttiknk It 
atiiHiM rroHvc from l<utb pmliiMCoa and »l mloiLa. 
Ahhauf k tfab Injuk U lnl#»t*nt •prliiuutly fi»r rtvll 
U h Ihupt-41 (hat it ma> U iitt t« 
1 In •i.iMwal Tint la 



Thk I'.itutHTRY or Ri Burt, By H. I>, 
Pomtt N« w Vitrk; l». Van Ntminmi] 
r.mijmuy, BUli, Bkxo ; !« pp. I*rtr,., 

ii U \uu mU*\ f.w tlH(M* faiimnt«d 
l trf vli-a. aorii iko 
vfurt* lH*t*a 

MmlU<U u. I !»• tXaU. wba-h nn- e».ti«w.rj tut a 
rlittr hulRkt Intn ll»< < litwM-aJ iiwwUurn- »iviiU«t. 
Th» lliM-atiin' *J nihlur M n*T* 4* mteutJvr *m 
mlatil Kt* lliiHiirkt. and the finwnt mttrw till* a 
old*- of tin own. 

X-Hayi^ An Itiii-LMliu'ttuii iu .kit* Study 
»V RuuUtfit Bay-. By <i. W. t\ Ka.vi% 
B.A., D.Se. New Vcirk: Ixinirtnans 
(invn *ft Co., BM4. Svo.. J.S2 pp. 



An»r - MtvMoiaB t>K l'Inukniki h - f'oN- 
HTHi t7kt K uk Barrow Axuii. \iy Jean 
Hnuvi-. I*ari« H. Dumal .1 K. Pinaf, 
BH4, pp. «.t. 

■ill uruta uf partknitv ia,liK. m 
viirk It (■ ai-<xrm> 
ut liliMtnitii>n*i uf 
w. ftf It 

H •)•>•> »m»uk|r*likil by an c<ri4ltv.t chwary la 
11 latnrruacoi. 

I,a Vik uku Vtm-rtSs. Bar Dr (IiiMuvb 
L** iti-ti- Pari*: »in~t 
Kdilcur, HH4. 

Ailitiarw* ««f lh- U. 
hi the afipfwaam* 
ibj> funarfr aim i 
m>uh*ral nature, h«tl la 
mul «>>■ The prean 
nubjtTi i if U»e >arkMM 
whlrh prrtailM durim 
mraclng with rwiUtlotat 
o|iIUm, and eooaltij, <lu 



. vorU all 



: itli-amHl 
whli'li. 



Hi.- . 




n tin* Uin<w •■/ aiodfra 
aclifto*. TIm- kutitr |MH-tlim r* th»- anrk Uvata of 
thu n-auAun uf H<tt«nt u> nO*rr ttrani'htv uf knoa<|< 
f*dCL*, ainl i ht' a<lv-antax« whlfh It po w ttca uf 
l*t-ltiK alilti u» rcrranilatr lawn wlilrh h»>t a tanl- 
W»al luau-injc. (Hr|ti| to (h* wide aCOtM* uf th* 
wurk. an will nut atlfvnpt to rv-iU*w all (J*r wall- 
J«vt» at wkitrk It trvwt* but It* atudj will U. uf 
valiiM t*i all who air lnt*roft***l kt audi t|u*<*tlunM. 
Tlir author ahowv Iht* nwull* whk*h ant Lu bo 
i'»lM«rl*>J uf »ctmr<t> la l lit- L*i|ilaitat(ua orf ihv nal< 
wrw. taxi ibo tm llnifut and ibe trtit^a" whu-k 
an- aUll hiacnwfbk* Ui ua. Uh aurb taking la all 
al. On fJhr aluitx, Uw 



try t-uiwiiHin MtiM< innimi r, at|ii lltr tnr^nialhiti 
t«. »n rawh liittan*.-*' la Ti*ry tp«Tl»W:. 

OrNfiHOT 1kjl«ie«. How They Art; lo- 
JlioU-d. Tbi'ir Complu-at Inn B ud TVcat- 
mi'ut. By Ciilnnnl I^Kii« A. Lucurdo. 
Criitwl Suit* Anns' Mttlical Cirrp* 
Mrtin^. Xvw York: WiUiatii WWl 
4 Co., 1014. 8v„. : ;«« pp. |W, U 
net. 

Tin. n.«^aat> for fe hr«A nu truiuhirf hijuri.a Ua 
taw ut (ka mMltary atrtkt. ami tin. Anari<-aa «nr- 




lUty y.«M an., a^l tin- 
tln.n In «aru». 
aurijiwt ln-.la> 
fa. t that Oa-n- U \,ry 
Ktiiadwi. IniurW In war 
lh*. <-inl prariltlmnr U 
Tlu- 



Maryk-al 
by tin- llr^aruw 
r ion iivaiiavut 
lir »tady uf UN- 




till, book, alilrk b b 
In wortlij uf 



aiNUM|« 
■K*a3 U> inaX m 
b a |M«-ultarly h)l*r- 
Jnl 4iinn«aax. ami 
a-Jmllllr Irratla-. 



Ttlfc B.U-fKNIOL<M.lr&L KXAWINATIMN .iK 

Koou and Watir. B> William 

Sav.^. BSr-., M il. LnmU D.B.H.. 

CamhrHl^-, Kn«laiid : l nlvt-cfcit> l*niH, 



lip. 

raaizaf Unuurtauor uf llm 
rt and Ujr ruruKuitiuii hj 



Hri«?, ti. to- 





>uhinw> a<ma ntmty at «i*f1iaT ao 
t of »wk or tkt rnrrwnt-day mrthcdb and 
r taJuabtr or novri. and ahtrfc 
•ran only Ik- found araio-M-d 
Juurnal*. Il tn*»u rrltlrally, 
■ ninn* i*tMii|-«fhcu>iiiiy. auino 
uf thv rawdina which btatn Unl tlauu iu ihn 
i nf tlm anlar frtun thm> lu llmr. It b 
I to cm.. .U.t.l with 111- ■h'Y..k. l .narnia 
I it aii.'tupU 
.vl.Oaiul >IU 
tn-ml "f i«i*u 
Ira 

to Ibr ^lld uf the v<v ivi:t. 



At Homk i5i thi. WtTKM. Swimmiiie. 
Oiving, I jfo-jtn** tiiit. Wit I it SjM»rt««. Nnla- | 
ViriuiiM. By iM--nti M. C-« r *an. N« w 
York InffftittUiMial t 'nminitii^Mif YouriK 
MenV 4'liriK|i«« A4*i*mtiunf«, M l. \ 
I0ioi>.; B»7 pp. Vrirn, ? I. 

Thi.* aulilMt of iwlliiuilrar t« (iwUiil Ij tHUattllK I 
til tanuurtaafri'. ami U m «»f- ut k*> I hut al mi tUiai 1 
havf thiTt* hrt-n »*• many ^uiujh ti iu i*immiT» bh 
at Ibr «n»»*|i* TJa* \iihinn* !»«fiirv iw U • xo'iit- \ 
hnjtly vaUialilr tl<*«MUH ailh «aiimuliiK In all l(" 
phaaia lUvlliH IH-'**n\HlH ami w»l- r «|«<rt>. ' 
Tb*-n- m ai« i a jtln.it Hiapat-r on ft*- ti-i.tlnu iitin | 
Of awlmmlaat |>uulf 11 I'D t "•»" 7 IHMI r«ili« 
lu»l tlnar Uvt» iliruLath afi i.Vi.|»l itruwnhitl H 
t* a ilraiiK'' tiilriar (bral main a I • ■ un* ually • itmaud 

lu rtanM'*'^ tnnt* ilntanliiK <l 1 kli'ia !».•« til 

aatm Thu m inn 1 <*l l-.unl»-iti»r*i. -.<f nh*n In (h» 
uaV> \ **( imuty »lm a" mi in l «n> «tf i-f- w* j|| 
ahiia. Kti-ryiw -liuul-i km>« Inm l.j t ft 111* f»r 
al ItftH (h'v-*' rraaHH Klptt U U a -H- nitlU fiw-lli 
uf i.fc#fi*»r; •fj-ituil, U Imiia.-!' M-ir -n'llantt- at«l 
•xiuraay Ihiol H Mka'ht |Kim u rwiui. .J >uilinc 
Um« Till \ull|i« M-'tl *• ' tifl«'l;»r» AfMkr1u.4»:it| 
bw lakfli ii|> lliN .|-.»-H.«^ ix, ;i vt.-y Laj-av any, 
tl*u- rtkWrin Ift-I»UT t'xii Arnl Hoy ii) 

AmiTh-a a laliiittHt T>- huHmh tut- li.ir«n|i»-f4 

laxi ni'a fralim-> In hnfliOuC *»| |mc lis I lit} 

tlr*1 iJaf htalt. Hit* antt r In I in- |t.-.l |.. S-| 
mi thai lift ini|>il> alii mil mflrf fnivu 
tin aJwi navi itiiiun wiii't attiirv » tilt it unt 
lintW l tit* hqvt. *• llul ihi' iiii(i|| can ail 
tcotkai Ui Um a/ hi uxtw im ut* Tlw 




Mmukms Mr.Ttitms or WATkk^iMNor ISO. 
('iUUTi t- antl OibiT Strui'turttt, By 
Mymn H- U win, C.K. New York: Tbo 
Nurrnan W. IlrnUy l^lHliithiiiar Com- 
J*u> . Ul|4. IVirni, c-vnta. 
Thi* n*prlnt 1 imw < 'haptar X XX uf 1 1n- autlnv'* 
new boo*. rtiUtlial. "I^xjmlar llanKllxatk f«ir 
Orneiit and t'oncrrtr I'aia." Il U i rt-atiliawnd 
atatfait-nt of th** prtoclpw. n&w and prwautlcaw 
tu be ota»erv*d In WBttTpfvoranic and ilamp- 
I*un(t**i atfurtunw and tinmural tnai*rtaiM 



Hy K/wU' 
'.ly. N. 



(%>sqL».*»r or tmk Thoi 

Cpham Atlaina. ijimieii City 
Duul.Kxlay. I'ogi.- A f.».. BIN. 
:«;s pp. J -rim-, 92 m l. 

Tin- iirwiie hanoWumi txJunir la the fttur> uf 
lift rrvalHl rlltiTpTM ruudllllfll bj 'iwr l lll'.ixl 
rriif fnraipany, ahlrh ha* t«v«m mi ituimt in if-*.- 
unkitrxaJ iSbtruniiltm <if tlm ra&ajia uiui mLmr 
t«.|.l«-*i fruit* J hU laitik l»< ilu* lirvt In a -i*n»a 
pUlirtl t,t ihtarr-ilM. t>Maln I *♦( l^lrnw*. ateM 
|iMur> un-tl ••iMTHtaai tHmnTii anil >h.:«M iuii>n«t> 
Hit- tuit.lli- TtV ItKik h hanrVnunt l) ict.tl.n up 
atftl n-rt-t-l- cnat *T«llt tU- avthnr ;uvl i-hIk- 
ll»lu-r. an wki 

Tmk Ahlrk \\ KmntiiLK II t.\n Jiooa. 
I'hilittli'tpluu Wan- BriolhiTa' < ttmpanv, 
B»14, ^iiarlo. IVin*-. 91. 
ThU h a •taiulanl n<»*f»'nf#> lumh autl ilm.*niM7 
uf the- c-uiiinKfTlal ftTllllwr imluttir) und ulUni 
lnu>* It U- In trum ill.- *ni>tr» itutOt uf thu 
innW. ktatlba' ahrfv lu ubtaln (jlimi-it|uliuiiitit, 
raw uialiTiakt and (hi* i-1|h«i »tT**lii ntiuixvil hi 
th*. tta-tillarr huiualry 11 luolaltn »jMi til aiili-n-« 
anil acatlaUca uf hiu*n»i lu llm ftvlihra-r iraih>, 
Il nU" funlaJwa a itlm-tury uf itu- (frullUT >nanu- 
(avturrrf* of tk* l n>Mi«l Mlali« Ua> tl|.</ afUi n 
<iaft*alk-«i dlri<ctijr> uf Uw allh*d iifiillK.-' tmdia, 
a alpn-Uiry uf thu roituaat t^d tal loilU m»I u »lln«-- 
it U a/r^tf-Ml *n 



atmly nf pnMk: h) 
ilnt-Uipt, t»arhfca a 
pMhllr IhwIOi acft] h>({Vim fuiuniltlin, it la Intar- 
twtlnx io kuow U»»l tht* Hyudka cat tkr t'amirrhlje" 
L'olwralty l»n«a liavu divhlud Ui |MtMUk a mxU* 
ot *tOtum*a dralinc with tlm varimai nahyM.tn mi- 
n*KU«l atlh puUk li.aJUi Winn tt la runMhhaad 
that th** n*«llUu" U'»t-|jta4t»t atul mantiah a|nin 
t-wrtwrU-ttc^iy art-, fur dm im*4 iiart, wrttUtt liy 
IrMli-rlouHtlata uk-jML' aiviHlfccataaai anil nmtlnf 
a«rk w In thi* Arid >-4 |>allmttath-al tayfiiahihaxy , 
It Will Ik* mn-it Chat Uitsv U a Ik US fur a aurk U 
aautluV lypu. In nmrknt niutnol at tin' in- 
aiki|uati- li-rudiavuL |{l»»ru lu tfc*- Uu -u H<ilu«i< *l 
trunliaialkiu uf atlir. air. fiHMla mid tin- llki' Thta 
liraui-h t>f harfi'jriiilurjy h uf Imnti-nai prai-ik-nl 
iui(tza-iann' , hiuJ Jiutifka a inurn itu*wh«d tn*at- 
mtmt Tla< aim uf tkra vollirnr la u* irannty ihkt 
ck<i«-t ami ui nutii atalUhlv a imn ttral nianuul 
dialknff nut <mly with lh* utaanlnatkm uf thuwfi 
auha(ani-*>t. hut 4jW> alth lh« dfdurUtnu tu »n> 
draan fruui lllf bart«-rlutn||lraJ iftata uhtaitml 
fnim thi*lr i-Jiiifnilnathin. .Murk uf Um araluatUa 
inftnuatiuu u> only at prwaol u> Im found In 
or«dnal paja-M »>t alway« nadlly an»a»iib>, 

The Mkntal HfCAi.ni or thk Sihool 
t'niLD. 'Vhv J^yrho-Kdiiratiwnal Clinio 
in Itt-lullun to CIhhI Wctraxv. Contri- 
iMittuDs to a NVw Sotunoe of (_>rtho- 

lillrtTjL-ti UDxt OniujMHtruktk'K. By J. E. 

WaUucw Witllin, Ph.D. W» Haven: 
Y'iiIl- linivLTaity I*Yt*w, BU4. I2imt.; 
•rtkl pp. IYi«\ 92. 

l^ky-lral dffufta In fldhtn*u arr nut Ha4nVti*d 
lu any fHum, rat*><. Mvlniuaarnt . ur ma-ia! cuti- 
itiliuu Tlm iiillilnai In auany tkMaUirrn Call- 
fintlia. no kaa than tbf> tJilhlrvn uf llm nil ur 
knmtd Nc*-tii. Kaat ur Wial; Um trbudn-o uf tlm 
OAllltry. nn l'*ft 'barn tkr HUklrwi uf Umrtty- tlm 
rhlhlrrn of t** rk-h nu baa than tlm fktklnai uf 
tlu* poor-— Inbnr undrr varimia ftimat nf pkyalral 
handkapa akich an* luually surdta-i u» aanrftnratiua 
or curt* Dr. Wallln hw owlr a can-fu^ and pro- 
kuicfd Invmtlcation uf UV rhlld mind IIU irm- 
rltcoccn an.- baani on Uk- ttatUOcrJ itmly H**all>* 
lnj* aurli. facta aw thu a bore, he lit* *un auout IO 
uf cornfUatf -Jiirh 

uuk rt in lain: 

1^ U Hu. irnatial M 
tmprtnt/nmnt J Mm . 

Ovh MaNv-Mua-b Nam. By It. W. 
N.t'ir, \.a Huwh: Ynii- rniviTMtv 
\fv** , l>.i|.lnii: lliiinptirt-. Milfurd. 
Oxfnnl I riiMtKiis Br.-xji. Svip.; _"J(I pp. 
tl liairiup*' i njcni*. inifft iVhT, 92-'»U. 



•Vrtfcta ui Tlnm <»f Ivaet*," ' ( iruauijiatltiu aiKl 
DkUlbulkui,' Tfa OnrtaaiMiikm td (hw Ship." 
and "Tbe Wfti*|y Ituntinf na Hhlplaiard." To a 
faculty ufrrttiral otaan a Hnr* Mr. N« 
feUrKtliaHurary atytc. anil tlm t 
the aliiKMphcro nf t»m I'vury rfaajiUr ka 

thoruuifltiy n*adah|i> 

BlIoTiJuaAPllT IX (\i!.oits. A Text Book 

Uvr Aniaictir* atn) studuorji uf Bliywica. 
By t;«ir«4- UihIhuv .l.diiianm. Ww 
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Investigations at the Cryogenic laboratory at 
Leyden* 
By C. A. < rsmmellti, 
Conscrvsloc of the l*h* niral Laboratory of the 
l T niversily of Lcydca. 

Tiiosk who have read linns concerning tlve question 
of low temperatures know that I'rof. Kaiutoerllugh 
Ouncx has built up at Ix-yUen an Institution, unique In 
the world, the t'ryagenlc Ijihoratnry ■ k pi <- cold), 
where ii. a only are obtain**) the very lowest tempera 
lures, bill where It 1* p*.e«dble to kIu*1> Hit- prot<erllcH 
of bottle* at sueh temperature*. 

To do this. It Is nectfssary to ■ i it- 1* rstnod the llqncfao 
tlou of gas, and to realise thut this liquefaction U only 
a m inn* to an end. It does Hut MUftVe to pnstuce a 
few drops, more or less fugitive, of a ica*. said to be 
Iternmnent, and to prove thereby that It am be made 
liquid, but rather to obtain It In great Mould musses lu 
static conditions arid to manipulate It convenlenlly In 
such fashion as to determine tbe Constanta of tempera- 
ture of quires relatively large, and to do ull tola at 
tempera* met* Increasingly low. Such result* ran be 
obtained only by the rigorous application of a uniform 
methoil which Is applicable to the workliif of powerful 
unit complicated machine* and itpiwratii*. hot which, 
also, must be capable of furnishing results of great 
precision. Thus the unique laboratory of Leyden given 
to the uninformed vUltor the appearance of a manu- 
factory. 

•TraaaUted from a paper la U o/ntr Ctrlf. 



It U hid fed a factory which tt Ik necessary t<i operate 
with a enrps of aclenilstH, preparers, null skilled tnech 
iiulcliinis working luceibrr throughout a 4mm «omocq- 
tlre houra If one would make a series of researches at 
the Ter}' luw temperatures which the llquefactlou of 
hydrogcu noil of bellum demand. 

Wit In .in douM It 1* on account of the neeeanery slow 
ite«t of procedure that I'rof. Unties was not the first to 
Liquefy hjdrogeu, imt lie has surely contributed to thut 
ai i cc ws s with helium, the most dltttciilt of all the gases to 
liquefy, and the uiborni«ry at Myden U to-day the only 
one In the world where ouch tv-iiltH have been ob- 
tained. It Is also the only one to which the scientists 
of the entire world can come to study the questions 
ulil. lt Interest them concerning low temper* (urea. In 
(bis reMpect It offers the greatest hnvpllallty and the 
onset splendid facilities. A programme Is established in 
consultation with Trot Ounes, who. aided by hut regu 
L-ir fellow workers, outlines the task; the apparatus 
uecemary for the experiment Is prepared, and then In 
collaboration with the visiting scleutlst the experiment 
Is carried to 1U nuisb. 

lu what la to follow nothing will be said concerning 
the mere liquefaction of gas nor of the personal work 
of Prof Of men, who succeeded in liquefying helium In 
1D0S, nor of the lecbidcnl outfit of the Leyden labora- 
tory. Nor Is anything suld atmat the crynstats for 
liquid helium, which through their excellent planning 
and construction have made the measures of this gas 
possible. I nit tend this article will sketch the principal 
experiments mid researches which hare Itecn conducted 



with low temperatures these past few yearn As may 
be neeu. these researches constitute one of the moat 
lulerestlng chapters lu the history of •cW-ikv, for tliey 
all treat of the constitution of matter, a ipieatloo that 
at this moment Is lu the minds of ail the scientists. 

Why are these Investigations of low temperatures ao 
interesting? The reply to this question la not lu he ' 
irlveu In a single word, different row* re be* hare often 
a chnrneter of their own. The desire to study the con- 
ditions of various substances under lem|>erutures as far 
apart as possible, and to support the hypothesis of 
ran tier Waala by experimental results, was without 
doubt one of the principal motives of Prof. Oooes In 
establishing tils own 8is>dal laborator). The matter 
cuu be considered lu a more general way, bowerer. 
Most of the prufwrtics of bodies depend more or Uttn 
on molecular actlrtty induced by thermal conditions. 
Rut this activity often has the effect of obscuring the 
l4ienomena. One may expect thut aa the tcin]N-*ru turns 
become lower and lower, and the activity weaker and 
weaker, the phenomena will present, themaelves more 
clearly and well deflned. It is Ibis general considera- 
tion that is the foundation for the hope that the lnvcs>- 
tigutlons of Prof. Onnea will add much to our knowl- 
edge of molecules and atoms, and this, nt a time when 
but few even among the scientific men fully realise the 
ini|K>rtance of measures at low tempera I urea. One can- 
not help, therefore, admiring the far sightedness of this 
observer when 1t Is evident that an entire section of 
modern physics depends on the very low temperatures 
that be Is studying. 




The hydrogen-IJcpirfylng plant of the tlnivrrajty of Leyden. 

la the Wft fonsruwutl U tU i.>i|ro|tuu ckh-i . . - . . :i. lbs middle ground, sir pua>p far bolJInjr llqudd air ( prtiUuilaarj hyilrugca ratrVitraut > u^dtr reduced areasurs ; la the caster, 

two hydrogen comartasors; st tb« rtgat. llqotaar rUMlag tO to Vi liters psr hear. 
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The rcscwrcbea iu therm.Hlyuamlcs, watch for it Ioub 
timi' cotLstlluted the entire work accomplutMsl at the 
l.cydru lul.oratory. remain to-tloy tin lm|*>rinii( i»art of 

III. duties. III 111.' »IU.|I.~ of Xiik. II |, Up/Me all UlC 

li,..iu,f..|„l.- sii«t tliat ba.e cs|iocnil iritcrCH 
of lli<- ntinfllcJly of their structure. Atuouit 
occupies lilt- flrift pluce. The determination of certlllll 
Isotherms, notably Id the Icinpnratiirw* of lk|ill.l hydr«>- 
^•ik. make It nuwdhle tn estimate the constant, a, of 
inn dcr WuaIh mid critical dniH: estimate!, which t<.t- 
irclhcr with the law of c..rre*|*jadiiiir, states A-uldcd 
« >uuc» Ill the construction ill 111* n|i|uirtll» fur ll.|IK-r>- 

It,, helium. A short lime itfter ii» Ihiuefwil .Imijt 

NHli. l'.HIci, Prof. Ouuew tried lu oUulu -olid helium, 
hut without suece**. Kvcu under a pressure i>f 0.2 
millimeter of mercury, the tcmiH-raturv Is'inn lowered 
to I 15 deit. Kelvin <the loweat ever yet obtnlliv.Ji, 
Iwlium remained liijutd without eveti showlm: a trace, 

of VSbOObIIJ. 

Ikwewrcbea in this dlrccllim have not been carried 
further, for there were more iniiiortmit tain*** to do. 
I'rof. tttiiics next dctc.riultird the vapor (cusjoiis, erlt- 
iiul «hi lu i.vas den- Kelvin ami aiinw>phvrt«>l of 
helium, Mm) tin. density of it* lk|uld. and of the tuitu- 
rmwl vii|Hir at different temperatures, lie observed a 

curious anomaly: Ilie density of the It d U ill lis 

mux I mum In the ni-li!ln-.rro«Hl of d.*. Kelvin t>n 
this |siiut I'rof. OiiIich lias niilde tliev>rv-lk-nl dedurtioliH 
that are very Ititereotlnic- 

With reference, to ancou, he hus deteriutiutl an cx- 
leud.*,! ratigc. of Is.* Iiv-rut*. lu crltleiil data i • IUJ.4I 
den. Cent, iiml 4» atiine-ldierec./, the lrl|.le |wiin 
(— 1NJU-I0 dett Oni. mid 5I..17 ccnlinielcrH of tncr- 
eurjl, the normal boiilni: |«liit <— 1N*.>4 dec Ceol.), 
the- tens-lou* of solid, lli|iihl. and vup»>r to till! deir. 
Cent, and tile .IcilsltlOH of tile lli|Uld iiimI saturated 
vupor. Tliewc lire his luteal deteruiinutiotni, item* very 
lmiioruinl for Hie Indu-slry of the dLatlllatioti of lli|uid 
nlr, and which shown that iiriton ubeya th* law of r<v 
tlllnwir rthwier„ of (.utllctft and M»ihl»» Knrth-r. 
It Ih of lltleresl to kiixw Hint nr>:iitl In IIiuh fur the only 
NiltettllDtx- nllh low eritk-al tenilN-ratiire for w'hkll the 
illfferect thermodyiLainle ilatu are known throitcb a 
reflon of t«ui|<eratur>« i|illtf <-xl.-ri,S<il. Aidwi; IIiitii 
the iButlK-rto» lu Ibe 11eim1tH.fliL.od of the 
are of Br* cuuaoiuvun.. 11> uieuin of the 
It luiK Ik^ii |w«<lhle to eomnute a numher of 

i, fur enunilile. Iho limt of lt» va]..-ri- 



rat«11, the v«lu« of ) • 



of Ho- 
of the ■ Inlcniul |.re»«un," of Aiuasut, that 

-•»"»•• [ r 0y.-*]''-^ 

The reaeurchra on ueolL due Ui Oeorxen t'laude, offer 
unohlcruhl.- diateiilty fmui the enierlioenlat point of 
view, hecnuw tile critical leuiuvratore of Ihh. ml^tiinee 
lien In a reitloii so hiird to rtwth hetweeli — J17 <lrx. 
Cent. < ll.jultl ox j feu under u t«r«wure uf 2 mlllluKrUT* 
■ if iu* , rrur>' * *aiwl - — Vl dog. ttect. tlhiuld bydroicen 
under ulmo^iihertc iircRMif:). A iwovUloanl iletenulnu- 
tl.iu of tlie rrlliml j>fei»ure (30 almon|ilvere» I lian lx*.u 
niafle, anil nmutratiiJi for tlw exprrinwiilH ia un.h-r con- 



the mutter. 

In the work Willi dlatoluU* Kllwew there nhouid be 
liM-litliMii*.] the ewtahllMhaieiil of a (htSck of Int.t hernia 
for liv ilroK.-ii .-vtwive the rrltleal jwint ifroiu + 1"*^ 'h'C- 
l eilt l» —217 ileK- Cent. ) at Jiremiure* r. lnlively lilitll. 
and hehiw lbl« jwbit (at teni|ieratiire» of lh|iild hydro- 
gen) ut low |ire>umre«. Dy meaux of thl» K'roup of 
IsotherniK there h:« r«m cmleulated with reunotuthl* 
preclvlou tlie o>rr\«"tlorjii for an International hydro- 
«™ ihermoiDeter (of cuip-tnnt vohime at 1,U» mllli 
met. r* prMki^re itt.O dei£. Celit > to make tt iieeord 
with tlw ahwtnte th.r9iod>ualBk' *ale of Kelvln. 
TIm'w i1t-(.'lluliiiilli-iw are of extreme collne.|lle|".v ll. 
the th.-rmomelrj of jirei-Klun at low temiwrulure!. Th* 
Hdim- e. iiiimtatkilw have ■■ treacly liecn m»il« for n 
helium thermometer, and a direct oinj|Mirl»i>n of the 
two thprmonw-li-rH, recently iKwimpllMbed, cotiflrmH the 
re«ullB iJiliiliiel to within Uia decree. 

The ilctoillim of livilroitcu. lli|lllil a oil aolUl. and ut 
illlleretit tem|x-nit urv^. have iilr.nily Uvn lU'termlljed, 
:i» well iix the tuennuniioeula of ootilractloli whkfh en- 
Hiiea on Biitldltlinllc-ii ; alw. the vitimr tenidoti ut itt- 
ino*l'ln-rii- i-re^-urv *n<I tn ii.iv it ii,,>rmnl liotliDi: ]K<Utt 
L'M.78 ilec. <_>nt : trl|.le noint. — a»14 de«. Cent, 
nt .Yir7 centimeterjc i:-f mereuryi, faeth which arr very 
liu|Hjrtant for tlvermi.tnetry. alnce In mrajturluic Ta|a>r 
leteil'iii with a prtH-Uloii now oany to *ec«re < 
the hnih coiertaut <0.01 de»ree>. no thai an 
to ihi.-rmliu- trm vapor teualom. of hydroeerj aptrara to 

for the lenniera- 



I'.ir uvyyoii. iib f.-r iirc.wi, tlie curve* hnve t«>-n de 
teriulltod fur live denvltit-M .if Hi.- Il.|iild iliel tti.- Kiitli- 
rut.-.l v;i|H.r, Iter.- It Ih f.niud tliat tlie hiiliBti.ni-.- fi^- 

Ii.Wh the law uf Uleuu dellBtllcB ulld 11m* triple jmiIiiI is 
OeVrmliMil l- SIM .let Cent, mid 1.'. m I II ln.» u- r-i of 

V i. Tor nltr..L-en mi 
lie«ti made of Hi- crltli-til ilatn au well hh n iiuiiilH-r ..r 
vii|».r len^loim. IteHt-.m-lii h ..i. tlie *'.Hanie|.-r" ..f 
iiltroe.-n are ii.-tiuilt)" it. e."lln.e of prelNiriilioli. 

Work Ilxh il Iho l«vli done *m Ibe easily Ll.|ueiillhle 
Kuan. At several jitiuvBt. uul in|HS-lally ut the Inter 
national t'olurriiui ot Uefiil.fnitl..ii, lit I'lirlw in liais 
and Vicuna In Kill, the iv|.i.~ciiriiti.o-. ..f (he l.nhlH- 
trk-H of c.ld dl-ew nlleiill.ui to the ;idv:inlnse« llierv 
would be lu ww iiimI U-tt.-r .h-lermluiitloio. of i-ertuin 
tliemuHiyiutmke romttanti. uf the miHc^ employ .xi in ro- 
friaoriitlii;; uuchlneM, imrik-iilitrly th.«.e of nininia-iln 
llll.l iim'IIi) I. Iiloriile Siu.v hU.-Ii re-*-* rcf «■«. we.-loed 
likely I.. Ie«.l l.» lui|«.rliiiit iiieren-*-B in « ieiitilie knowl- 

.-.Il-c-. I'rof 111 H ili-t'ldevl t like tile uecihxl deter- 

nilniill.il-. Ill the liilNjratory nt l.eyden. lie Uvun by 
the ihH-li dUnisitkin of the coiistuutK nlis-jnly forth 
by olher luvesllifjitorN. iin.l uL*.i lulido J.liili* to iu-n>r- 
mtne U-twi»-n bii.Ii n-BiillB when the) w.-re i*>I in ac- 
cord. iiimI lliiullj t.. III) the <Y.ii«|.|enil.|e ir,i|e> which 
rxixlcil In the w-rles. 

lie folilt.1 lllat It wiib ii.B-.-Bsj.ij : 

I lot innilii, I., d.-l.-rnilni- the i-Hln-miB l«- 

twe^li + '■*> ilei! Cent, ami + Mil ilea. l ent, and 
In-twccti 1 iiii.I l«i tilmoB|.tier.-B : the Iv.tbi-ruii. of llue 
vil|BH- lit I' ckx l 'cut. at low prcvoires ; utjit the vapor 
tensions nt hlirli preusiiri-B (up M PI alm«B|.h»rswi 

In ..r.l.-r to elNB^e Ib-Iwi.Ii the lw.. n-.n -e -..nlnnt 

..f lU-k-m.iilt . Mid ill line |irc*«uni> (1 ulmo- 
>•> to ditlile iH-tw.-eii dlauitreeiue w-rlm of Brill 
and Itavh-B. Tlw. kn.AiliBli;.- of the Isotherms cuoit.iiHr-d 
with thnt of the vn|*.r t.-nMUiuB nerve^l for tlie <vnuf.i>- 
Inthin ..f the iloiisHleH of the witiiralcBl >'n|»>r. Hh; more 



that hnre served for aritou nul oiyir,.n offeriBl eMja-rl- 
uw-iitiil .lllllmltles. 

^. For loelhyl.-hl.. tide It whs .-B-. ntt.-vl lu .i.-t.-nnliie 
.in Ibi4Ii.iiii hi ~ Jll ih-ij. C.-nl, 1.. i-li.Bi— l.-tw.B-u tile 
Bt-rles ..f Kueiieu jiti.l I^bIik- on tin- on- hitml and th.j-o? 
..f Itriiic-kiiLnn mid Itiiumi^ on the olher, and to secure 
ll rrmip -,f isotherms at low- t.-m|H>riltureii alul prea 
Burt*. Then it via* neWHB«r> to det. rii.lu*- a .-vrtalo 
uumta-r of vn|B.r teriHiotis to cIh.bHv Hie valuta of Heit- 
t.iiult. II) comldultnr these new r.'Biil|s with Hi..^.- ul- 
relidy nt ham) It l«-cume liuouhle to calculale the den- 
BltU«> of the saturrtlevl va|M.r ait well u. the hetlt of 
vaporluillon ill different IcmiH-ratariHc Iii this way II 
l-ceamc |B.Bv.lhle lo iMermliu. f..r tile two ll.|uhls tlie 
»|HB-i6e henm for ll.|uld lilal v»|H.r a ml thereby to cm- 
siruet the entropy dliitnacuH of Mollier. 

At tin- prB^nl wrltinj; nil thr iiu-aBurern.-ni). herti 
B|M<keli of, excepllin: the eillorlinetrk- ouck. have In-en 
ik-lertxiim-d with the ijrean-sl of rare, atid ll ]Mirtloo of 
Ihe result*, tile plan of liive»M,»'t"n ill id tlw dlseirsalon 
of previous mraaures. have nlrondy Ibb-i. pul.llshi-il Ut u 
r..|».rt prinented lo the Third Inlenintlolial ColLsreH« of 

H. -rrliferatlon nr. t;hleairo, Kcfifruihcr. 11M-1. The wtber 
reixirtB will api>ear very hoimi It Is hut fulr to irredlct 
that thene re-ults will Ih: of fundnim-liliil Importutjee to 
nelence and lo the lndu«irie< etimxeit lu the production 
and uae of cold. 

K*|>ccial InlereBt tittnelH-B to the rjieslBtirettvenls of tbp 
inimr i«ruJon.-« of carbouk- neid nt low i.ioi- n.'iir.Hi 
I from — l-ir. dett C'etit. to — ls:t den. Cent.) u'bere the 
press-lire In ho weak that the miinometer la neevosarv to 
m.-anure theui. or even the Kinnls.ti tuauoraeter. and 
expntwlou U In hurl-B 11 lw rl* = tl <ast,74fCVS<J mllU 
meter ..r merenr; t- iN-ternUiiiilloua of IbU cliarncler 
have iB.|H?elal lmt«.rlntwc. for limy connect tltenwt-tvra 
with XeniBl B liyji.ili.-stB of heat, wheretiy thU aclctnlat 
bna deduced the formulae of vniB.r teiishyis. 

In regard lo cilses. euiiily Ikpicuubk- one e.ltltiot OSUH 
the r>«i«s.trrhen relutlve to hiiliine. which 1)*h recently 
Ibb-Ii lliv.-Bliv-.n..| In ..irlo.ls ways, uud for which, 
union* other Ihiiuis, there have l~-.li delermlliml (he 
v,i|.or leiiBloi^ the dellBilk-B of the l|.|ilUI. and the 
viilBir Biiturulli.ti nl dlffi-reut lenKratunw, 
a. rJj^TaicvL aKsr.vBi-iie?. 

The r.-Herifohrw relative to eleetrlelty also form a 
chapter of fiiiidiini.-ntal lni|K-.rtanee ntivon); the maDy 
work» at U-yih-li In the course of tlw re^iin-hea th* 
study of rvulstnncvB of metalK at low temixrutun^i baa 

I. b| prof. Unneu to a very intercstlne discovery. The 
ueuenil Btudy ..f realsta iiih-b of tuetal-v has iHB.n already 
the .-nli.Jeet of iitiinl.erleBB illviBdiLHtions. Ilajdiiic hla 
coDcliisloua on (lie results ordained l.y lilnwlf and 
rh.B.e of ixevrar, and xlrliif attention to the theory of 
elocltx'lla lu metala. Prof. OnneH belleveB tliat rcalst- 
anee reaebiHi a minimum at a very t«w" teoiperntnre, to 

very rapidly liclow ttiiu d«tree I 




' eliH't ronle raiM.r'" whi.-h, :.l evtt.Mii..- leinfB.|-Aiiir.\ < 
di-nsi^. in a solid state oh the molecules. The car 
-r .-I.-. trielt) la-ins redueiBl to kmmotiility, the pus 
of el.H-tricltv LHsv.mes impnssitile. If. on the cv.iitrury. 
(lie el.B-lri.ris are cr.iL-l.ler.Bl mi -.•li-.-tT.vnlr fiis," the 
must ih- that li. r.sl.icti,,. the lein|.i-atuiv 
ill.- reslstan.-e must I. lowered also. (If Hie two etui- 
iB-ptl.itiB, Ihe rir.Bt w.-iil.l B.B-111 lo Is/ the more i 
In lB-i£iniiinit IiIb nii'iisumnetils of ll.|uld 
rrof. onn.w ithbI to Uud Id tills rerlou of low tcmticrii- 
tlireH that of Ihe lowest n-ststaiiec. Hut he olwrved a 
eurieiiB ]ih.-t.ouu-iioli ; the f.-Blstanet- of Hold ami plaft 
HI In the ivln.l.- retiiiw of ILpild 
lie thoimht Hist iBrrlmps nwliillk- im|mrlll,-s 
ml/lil I-* Ihe cuuae of tliLs residual resistance ni.«l that 
it oiifht to illsaiUHMtr at ahs>.liite wro He hastened, 
as well as one can hasten In such .Mi.-ntc mid illtttc-ulT 
work, to re|swt the (•xiH-rliii.-nt with mercury, ti inetiil 
that cjiii Ih- i^.liiilievl in almost ahsolitte jmrity. Tile 
r.»,iltB were lilloio-llH-r tlliei|H-ctrd ; for the n-slstane.- 
.l~-r.-HB.sl reitularly till In the vicinity of t.'JI <!.-.•. Kel 
V In. I till I is to way, a little nUive the In.MInt! point of 
helium, then fell suddenly to a value lens than Olio 
millionth of that at Hie point of eonueliitlnu. uud fell 
Immediately afterward to a hllllouih of that value 
when the lowest teiu|B-nitun- ot.tjiluiil.le was reached. 

Tin mid lend present tile same |du-n..|n.-ii.-t, the for 
mer luaiiiti.lijlic Its r.-tliuir fail to ?t> deit. Kelvin, and 
lead t.. iil«.nt il dei: Kelvin. The rtBilsla iiccb of the 
ttir.B* metalB l<B.x.rrje in Ihelr ta.w state what I'rof. 
(iiKieH ii.la heeu ideiiaed to term "superconductive." so 
Hut it him not las-ti iHvssll.te to mi-iisurc with pre 
Hut one cart lulu a notion of the minuteness 
from the (net tliat tlie I^-y.letl ncientist liu-i Ihh.ii llble 
lo |oias through the mercury, electricity, wilb a current 

del.Bity of 12 amperes to the aipiare milhmeler wltlMWIt 
uieHBUrable maulfeidBti'jn of bent.' 

Now what doe* thla coDslderntlon of thw Blriu.ii.- 
ua? It appeara at the oiitH.-t that the 
hypotheaU of "elnetrimle vnr-.r" luM Ih- iilxmdoned/ 
ITof. Ilniww hud then tin- Wea of iippljlni: riiinek s 
l.,v|MitlirBlB of .M-ltlatot-s to the electronic hyfiolhi-sls of 
in.-t.lls. In his .pnnita by|M.llie.-da l'lam-k lutM Intr..- 
dllrvBl ..-cdlalor.* of whk-ll the mean viuT£) i1IhiI|i|h.|||-b 
at a (fiuitcruturc elcaarly ia-lnw absolute. x*'r.K If we 
now eoustder the .wllUtors as obs1acU» to the move- 
ments of electrons, we can uoderslatwl tliat soniovvlun 
Ih4ow- aleiolntc xero. the ONcillators \n*iaK In rep.**., himI 
tin- electron* having now no opposition, tile pasMt);e of 
eliBjtrlclty U pracilcally frtsi. When i»ie computes the 
mean frvs- path of the electron, at this I 
n-sult 1» lu values of the order of a i 

Hpnee will not permit of the notice of very tntcrrsit- 
Ini! np|>ll«i1lnii» thnt iH-fitll superconductive metals In 
liiteliBe lliaitliwtic Ileitis, nor the collshh-ratloDH of Prof. 
Otiuew on carloiiB ...ther theoretical ipie-stloiLs mutievl t«. 
aupetcoliducUvily Bui tf.UK-lhllK milst l»- snl.l of re 
m-archea rt-lallve to the Hull i.hennnieti..n (when n 
OMKurt acta on a conductor tt iilt.-cts also the current 
tlowtni; throutrh tldx conductor., und the change of 
resistance In the luasDetle tlekl. wldcli lur.-siicatlmis 
are the BUbJt<T* of n number of niemolnt emphaKixlue 
the theoretical side of the n's(wrrtieti. The two phe- 
nomena have been mvatjured from orilinary tem|iera- 
lurea to thoae of the lhiuefylnit of hydruceu for 1.1b 
milth. (told, sliver. copia.-r, J.nllu.llcim. mercury, 
and Iron. And besides. Hall's pll..|iometion 
oiiHervp.,1 with a goodly number of sold adlver i 
c. XEauarirEa o>i BautoxrirvtrY. 
Great Intcn-it atlachea to inv«>tleatlvn<i of the effis;! 
of low tempera lures on Ihe rttdliiilotiB of radliuu Sucli 
work has bevn done at l-cyden by Madame Cnrlc und 
I'rof. Onties. Ttic nm«ir»ttiH und mcthoibi. luterestluv 
us they are, tnuyi he puseed over to atate the results, 
namely, that in coolinir, radium to —253 de|t. Cent It 
has not been |»oalhle to note any chaiiice lu the Inten- 
sify of the xrlmmn rays, even with a precision of roens 
itr-iiKi.t of l/l,nt<(. 

n acsrvHLHta as aioKmn.. 
Tltr study of muinictism hn» enlered Into a new phasc 
slnee IjiwrcTUi conrdv.Bl the idea of developing an 
elecirvinlc theory of ruirumnjftictistu and of dm inn i- 
tw-tlsm. nttd Weiss has extended his 1iv|hh.|ic*»-» lo Uio 
I'h.-Dooi.fiii. lntr.Klu.liii; the Idea of a - 
and has discovered the rleni-utary' nui*- 
ii.bMc moment, the ••maitiielon.'' 

Ia-t ub omit liert- Uie |*.-noir»na of |«ra and fern, 
mainietlsm. Atw.rtlltiK to Ijiutteviti, the molecules of 
(uiraninKiiclk- -.nhstaucBps cii.tnin elementary maiciieta of 
coliHtnnl iiiornetitH. Mol.-cular ni;ltatl..n by heat oi^b-^-b 
Itself to the uniform orlentntlmi of the molecules, arid, 
admlttlnit that tlw rotational enemy of the molecules 
Is proportional to the absolute temperature, it result,, 
from the theory of Unirevin that the n|.eclnc auscep- 
. also- tai. ass wrlltra, l^mf cygnet baa ts.r« to pruv.- 
that it a tew-ri*-rjttire ni nearly atHk.lute tero to r««l«tsa#r 
wattev<r ll oOVrerl to a rorrcot la • conductor. Pn.f. Onnm'm 
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rihllU.v in I traction |jrr gramme f-ir .-i lit-M i*|ii;*l lo 
unity) in Iniersi'ly projuirtlonal to the absolute tcin- 
l«.-ruiure. This is tbe la* of Mcrrc Curie applied to 
Isirumaiciu-IUin. 

Wi'IknV inohs-ular llcld b* Ibe uume given to certain 
uautuul actions of roaguetlc molecules, the origin uf 
which U net known, but which arc much stronger limn 
mij exterior Held prncik-ablc with electromagnets 
wMi'li pi>»ent Htiliirntlon phenomena. The study uf 
Hi.lunill.Mi Is particularly Interesting nt very low lero- 
Is-rsliirvH, 

It I- r. r I hi* n-u-u'N Ilml l'ri-f <rnin~. In in ll:ll. irn- 
lii-n willi \Vi-is>. has di-fcrinlinsl iniu'riftfuiliiifi In 
Miilurutl'iti uf tin* ti-uus-rnturo H-iuid b* dr-.ii:i*ii fur 
Irirti, nickel, nils-It. unit magnetite. The result* ob- 
f Al*r*n1 have furnished in Wi-ls* all that wax Ini-liing fi>r 
the discovery .if (lie magneton nlxt fur thi- computation 
of its site For by dividing the iiiiigiicMstu-satiiiatton 
by the uumts-r uf molecules i**r milt volume cine obtain* 
nil elementary niiitfiierlc moment. Weiss has thou been 
utile to sbou- tluit :ilt the molecular moments arc uiulrl- 
|il<* of atl elementary molncht, thnt L* to suy. of uiag- 



lu-li«i». Tin- i l. mi 11(11 r; magnet nr ii iin ■i.ntillii. cloven 
maguctoi-* unit that uf nickel ihns-. 

It will be underst-sl from what precedes that the 
roscarcbi-* on the cxccHioiis to the luw of Curl* aw of 
hltjli Importance for tin* hypothesis of J^mjiicvvIii and for 
tile uoll*-rie(ii|l of Wi-is*. It U [xi»*.tb!c. to compute tbe 
nunits?r of magneton* tn iiuy sulisiunoe aftrr a deter- 
nilniitluri of Hi susceptibility to n given temivruture, If 
the sub-tance otw-ys rigorously the law of Curie. But 
this is often not the ou«* 

Oxygen, the ouly gns which present* n fairly Inrg* 
piil-jiui^gnctLsiii. and ulrciidy studied Ii> Curie .it high 
tol|t|*-IUIUTi-* luul |ir»->suri's. is |JSir(lrtllnrl> llltcl>*tlllg 
Infinite It run Is- oti>*-rvcil tinder the tlinv 4vitiilirbitiH. 
mi.JSiI, Ifc|iili|. ami ^hh'liik In thf irai^i'ini* stnto U otn*>« 
the law of Curie, iiltlmucti «is lli|ul<l ot aalkl It ]irii«'Ul» 
iixMhtrralik- tlinnrlarw tberefroul, An lmere»llni; fuel 
In tlut lu illhittnx ox.vi»'» wltU lliiulil iiltroiP.-n. » WJy 
nearly Indifferent fnitn th* maj^iecie jioliit of view, 
It Iwh been fulllld that tlwi fcjMTlflc siw^iitlblllty of 
liglUd oiyireti In not only a ftinrtlmi of tile lemnernture, 
twit iilno of the rjumtier i»f lnoteouliu of oxytfeii eon- 



luiiiKi in n unit of lolunte. 

The |il'lliel|uil n-j.ull» fouod tlmi for nilti n-ten'Uee 
to oUier uule-lillii^ arv that ery*rallizrti millibute <ir 
KililotUUuiu follouu the la»* of Curie ilnwli tu • 2IU> tliic. 
tvnt. and Mliullnrly, tbe tiheuometiu of Katuratloit in 
feirtc nu!|»hatr hove Ih-cji obMTl'ed to Ion (emKiaturin. 
Il would ni'Penr, therefore, an If there luul been found 

tuna uiul ferr.nnaitiwtlo nt the telD|*l-Jtilte of lli|Uld 
bydrrtfivn. 

AllbMltfh It haw biH-li riiieefc&ary to |iasn ..ver a mini - 
l«er of mailer-*. Itie wuih'l ulll htite a fnlr lilen i.f the 
itltTex>'iit resell ri'lu's ill|i1i'TI:<Ueil til tlh' Cl'i isSi'lile |jit«> 
rnloty nt Ij jilen. und the Iheore) Inil .|ui-<iIiiiii< (lieu- 

talleii tlw Initiative In lueae re«-arebe». that bi' U tlie 
intellettunl Tuther uf the greaior part of tlw luventlm- 
Uotia Here described, one will rejoice vrlth all thi**e vilio 
have worked bcvlde Ulin iu the distinction tlmt liio* 
coute to Mm frihin the Aeuileluy of Stoekbii^ln. (llhtlne- 
tloii whicb, lo addition. U minnloned by tlw whole 
adciitiOc vrorld. 



On the Pernstnicc in Supcrcondactors of 
Klectrir Currents Without Elcctromotivr 
Force* 
D> H. KammrrliBgh Onnea 

TllK time of laTshUenee of a mrrenl onee e~lliMb.ll.'«1 
III a euivult. tiinl then left to llself wllhout ektlroino- 
live force. I* ordinarily extremely ulior't, hut for elrouita 
Ul HutjervolMliK-lora It cull lK-eunie i-o VTvul Unit the eur 
rent U pruetieiill) iH.'rnjniK'ut. TbU Is Ibe rmult of a 
eiiuapiltatlon IiiubimI iw data which tbe study of vuiier- 
<xiudu<.*torn dan foroWied. I have Juwt enndrmed thin 
collusion hy exivrltmiiiU whleh on their did* lea<l to 
fnrta whleb mny be nyiched hy ollll ntiolher way, I*t 
na rnvlevr whnt bn« Ix-eoimi known about Ule proliertien 
of 8ll|ifteolldtlctolv. 

lu stud) ln« Ibe renlilancett of nielal» at t*nii»ruHire»i 
tliat one may ohuin with UguW helium. I fotvxaw that 
llio ii-fcUtaliee of nicreiirj wimhl »tlll he oa»J to menu 
<jre ut l.'JS div Kelvin, but would dloilnUh «i ua to 
become oealUlble at 2 ik* Kelvin <-lTl dog. Cent.;. 
Experiments have nrllied this predlcllou so far ax low 
temperature* are concerned, but at Uic satM; time have 
brmijeht to llnht tbe face that the dtiiaiipearuDce of tbe 
reelstaucv Is eudikn. The liwprcury at the temperature 
of tbe fall, here termed critical temperature <4,1!> d*«. 
Kelvin*, insaca In a disconnected way Into u new state 
tbat Is eharncterljed by an extreme, lutitilllty of elec- 
tricity. It may he well (o term thU eoiidHh^i, In which 
It Is [siK^lble to maintain currents without appreciable 
eli-elruu>olive force, the state of suiierconductlrlty. 
Into a ttdn thread of mercury 1 meter low; ut 1.7 dcit. 
Kelvin 1 have ts<eii able to piiaa a current of the cur- 
rein density of about H«m amperes |*r wpiare mil 11- 
meler without au appreciable dlflerence of potetitial at 
the two ends I limit uf precision InHnit a08 X lt>" volt) 
and without drreloptni; there. In cons*s|i»cnce. any trace 
of beat. 

On dltldinif the difference of potential limit by Ibe 
current. I have come tu an upper limit of what 1 bate 
provisionally termed the •mlcroreskliial rwlataneo" of 
the superconductor. 

For the tnetallk* thread of which I hate Just a]s>ken, 
it Is tbe billionth part of Its resistance at ordinary 
lemiieraturea. The cimdltlnfi of superconiliKttvlty U 
mst llniltod by temperature nlow ; current dctnity la 
also a factor For each temperature there is a rritniil 
density, different prubalily for the ilLffemit c-onductors. 
In-kivr which there Is do appreclnble difference lu poicn 
tlal. Above this density, us bus liecn shown by weari- 
some aiMlt*e*> there U developed a renistuiice of Ibe 
same nature as that which Is established when oue 
pasaea tbe critical temisirutiire, vrhlrh 1 Imve termed 



Tills ordlnnry rwdstaixs.. eitremely weak at Unit, 
gives way at tltc first apiieuruncc of Lhe differeocea of 
Isitential. Tlie lncnvuse In temperature by tbe Jotllean 
heut which Is dl>rni9iiroil pretoMitly Iniadca tbe whole 
eiimlurior, so tluit dlnVreiices in iioientlul of the two 
ends, so soon us Ibey upfienr at u 1 1, irrow very fnat 
Willi further li.cr.-ase of Ule .nrrent. 

Tbe critical density In very small at teini* future, 
tielow the critical teniis-ruture, hut It besrxiroes very 
considerable wben one nords at temperatures notahly 
loner, so that oue call cbarfe a I'ircuic at tbese tena- 
IsTBtureii with a fairly ctroni; current wtthurjt Its los- 
ing Its character of su|»>rcniid\iit1i ll) , Such drctilta 



With them it Is possible to explore the 

to which the LDvestUntor Is • 



by placing lu the is|Uutloiis of i bs-lrodynJiinics a n>isl 
aiKV iiihiillely small, or by aduiiMlli* that the free 
ci-lirsi* of tbe elwlrons Is of the nixlor of olie luvler. 
Hut tbe maklni: of ni-istnilii* f*ir exts-rluieuU nllb 
is difficult 11 Is fortlliiltle. therefore, us was 
later, that till and lend also IssMlue Sll|»-r- 
ors. The crlllcnl temis-ralure of III! is 3.K Oeg. 
Kelvin, and Ibut of lead, proluhly- tl .let. Kelrbi 

To study the upplleaTlou of sii|vrcoiwluciors to lhe 
production of In If use Dcld* — a prutileio of great dlili- 
culty on accoiuit of tbe dlseneil«;enielit of Joulean bent 
within very small spuees -1 muite a coll of 1.000 turua 
of lead wire, the section of the wire helui; 0.1 sunare 
millimeter, rolled Into the tblcknesa of 1 
and with u width of 1 celltunvter. A current of 
ll. n nuipere was |sUMexl Uito tbt* coil without havluic hud 
nissl of elvctroinotlve force to molutaln it. There was 
iw measurable deielopmelit of hvnt. I bud tliM enn- 
ddenst prorlsiimally the couatnictlou of an electi<»- 
umciirt of inodi^st dimensions w ltlKiut Irun. after l'er- 
rli), ohlch would clvc a Held of im.nu mnss nlthnot 
develoHug a single ionic, Hut here the Inrotlcntkm 
bruuuht to Ui;ht a new and highly Intensrliiif pro|s-rty 
of superociiuluelors which makes sui-h appltoitlou 1m- 
poMslhle. The Held, still Inactive at vulnea which were 
attained In our coll. us mxhi us on* iattu«. a eerlnln 
criUcal OeM (1 kllogaum for lead at l.S deg. Kelvin I 
dev-eUips quickly enough tbe ordinary resistance lu a 
superconductor, glrlns rise to hi-ttt due to the magnetic 
field. This critical field Increase* on pnsslng below the 
critical teni|s>rulure. It is Important, therefore, when 
exiicriraetitiug with a conductor that Is cxpowd to u 
lleld (exterior iw Its own* to reitiuln la-tow the erllical 
Held. 

Returning to tlie cull of lead wire at I S deg. Kelvin, 
it is this n-blch served me to demonstrate the persist- 
once of current* wtthnnt electromotive force In suiter 
eonductorv Its cnefllcleot of aclf-lnductlon l» lir C.O.S. 
with a current of 00 ampere (one cannot go below O S 



tin- rclorn to a bU-her leiuis^ruliire. l^-avlii^ out t|ie*i* 
lilstuis-es, us Virll as other pcculliiritiiv wlilch dejuand 
Isler eluddalioli. Il is piobdblc to ii)«ert provUl-ilially 
that tbe loss does imt surpnis- 1 |- i c nt ail tumr. In 
tatlut- the coll from tbe lemperutulv ot li>|Uld Ik-lliim 
so that It could Is- niLsed alwve tin- crilk'nl temts-ralul-e 
of lend, tbe phenoitii-nim diwappeun-d. 

t.'outxol exis.-rlments wctv made by placing the plane 
of the coll parallel lo tlie Held. ThU gave unexpectedly 
an effect whliJi wus ouly about o«e eiehrb of the prin- 
cipal effect, and thU wan found again In expecimenta 
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critical intensity); Its electrokliietU- cnirrgy la then 
considerable, to be exliausted but slowly eo tong ns 
there is not bitnsluced Into Ibe circuit an ordinary 
resistance, which, however small, would absorb it iu u 
short time. Tlie total flux of the coll In a lUibl of 2SM 
gnii>«», much la-low tlie critical field determined above, 
Is 0.6 X If C,<; s,. nwl suinw, tu wtabllsh a current of 
no ampere by Induction. 

Tlie two ends of tlie circuit baring been solderisl to 
gealicr In the nxy-hydrogen diituc--thls by experiment 
being known to Is? a snporcooduetlve JojDt — the inlcro- 
residuitl reslstntice of tbe Coil was found to be leas 
than one twenty-billionth of Its reslstiinee <7lfifl ohnuO 
at ordlnnry temperature. The time of persistence cat- 
culated hy tlx*e elements. Is lo he expressed In days. 

Kiperlioent has ivrlded the cumputatluna. Tbe cull 
Incloaisl in the cryuntat was refrigerated lu a tlrld of 
gausa from u deg. Cent to l.s ilei;. Kelvin. In the 
sU|iereonduelor circuit isMaliied Iu this way without 
current, a current giving It a paramagnetic xnomeut 
«--lf when the field was moved away. Tlie 
of a compaim near the cnoetat shoueil a «troiig 
disturbance when the ecill was turned ulwut a verticni 
uxis. Tlie cull acted like a |s-rmniieiit uxiris-t, or 
nitln-r a molecular current of Ampere. The miiment 
measured by reiieullng Its action on the compnj** with 
a coll of kimwn current rrom previous teors lndicalcd 
a current of rrwn m lo 00 ampere for hours In tbe 
su[M*rcorsliK.-liug coll. Tbe precision of measurements 
lllider these extraordinary etrcumctancea was not gTSAt. 
It did not permit of the measurement of ajiy weaken- 
ing. It baa bei-n is.»iti|e only to indicate the higher 
limit. A decrease has Is-eii Doled otiry at the beginning 
of »n experiment and once again In connection with 



Farther cx|s.-rliBeuls have been tried with tbe coll In 
the first position and always refrigerated. A Held 
smaller than the critical one was applied, and then, 
after some time, tbe Ik-Id was withdrawn. The dla 
tuagcietlL' current resulting from the II est o|*?railon was 
destroyed by that resulting frum Ibe second. There 



capabk- of inducing twice the critical current wua ap- 
plhsl, and after a time, removed. Tbe dlu magnetic 
current of fbu nrst operation has been able to persist 
only wheu Its Intensity was reduced to the critical oue. 
The aecoud operation, after hurliig unliltlcd the per 
sjsting current, baa produced on flee dlaapiienrniice of 
half the Held which then remained a paminagnetk 
current About e-iuul to that obtained In Uie previously 
aescribnl experiment- A very strong aekl applied In 
the same way has given the same result- 
All these facts agree and leave no doubt about our 
having deduced proiN-rtiisj belonging to suiierciwdoctor*. 
But It is Interesting to have arrived at the unereon 
duelivity phenomena of lead refrigerated In helium lu 
another way. an lndeta-udeut oue, proving that the 
cause of lhe inagnelic moment of the eotl U Indeed tbe 
current that circulates In It. To test this the two con- 
ucctious of a ballistic gnlvnnometer were applied to the 
right and left of the soldered Joint and close to II. 
KstflUlls-hlng the current In the coll ua tn the first ex- 
periment, and having plneod the compass showing that 
the eoil had a persisting monieut, the Joint woa cut and 
the current isWrved to flow Into the galvanometer (lu 
which U was extinguished instantly), and ut the same 
time tbe couipaaa needle returned to a uVviatloo eisrri-- 
s|xiudiiig to that moment which had been found in the 
ei|s?rlnwnt with tbe circuit of lhe otwu coll. 

All this Is suggestive nf the Idea of frtctlunless me 
cbnnlcs that Maxwell liiventrd, ciimptctisl tinUy by the 
conceptlun of electrons, which present tlieiuselvea In 
very real fashion In these experUuenK Tlie eiectriHjs 
cuultnue to ctnrnlutc without elect rumollve force, aud 
the rings, endowed with inertia, which In the hyisifliesls 
of Maxwell turn in tbe ethei, continue to turn Indefi- 
nite- this mechanism brings It meat suddenly to a slop. 

An Automatic Mercury Pump 

Tuc Jttum. <i< /-ausi^vp describe* a mercury pump 
that differs from oliler ones of the same tyis.- In that 
lhe gases llo-tr-id of Is-liif evacuated directly Into tlw 
atmosphere are evin-nated Into a canal system c.n- 
iieneil with a column of n ulcr and. In place of the dl- 
lilnccinrnt* of Ibe mercury being produced by dlsplnt-e- 
meutu of the receiver. Ibey are produced by the fact 
that the latli-r Is put lu communlattlnu alternately ami 
auioinatlcally with the atmosphere and with the column 
of water by the action of a suitable arrangement, l»la- 
graius are given sliowhig the connections of the lairts. 
and the ni.Hi.sl of working, together with the rale at 
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Coal and Its By- Products — II* 

How and of What Coal Was Formed, and Some Account of Its Utilization 



By Louis Cleveland Junes, Ph.D. 
Concliu.ed from Scientific American Supplement No. 2010, Pan.- I IK, August 22, 19M 



NATURAL m-HlOtoCCTe OF CARKONIIIXU A XT IK XT 
VKUfcTATION HK&IIH'flH. 

Sintj: commercial carbonizing uf ml grieMiWWnxene 
-i -rii ** of product*, and not paraffin m a* existing in j * t r> >- 
k-uiu and natural en*, effort* have been made to explain 
the origin of natural gas anil petroleum from animal 
rcmaiim, and Mdimtail lia* suggested tin- carbide theory. 
Wn believe. bo»«ver, Uiat tbe tluw distillation of coal at 
low temperature* in a mure* Logical expi*4iation.* 

Industrial experiments recently carried on in England 
upon low temperature distillation by tbe Coalite proee**, 
and nmr* recently on coking coal* at even lower tem- 
perature*), and in t*ur«V indicate thai petroleum products 
idem Ural with tfao*e found tD nature are thus obtained. 

In duplicating nature's conversion of bituminous coals 
to anthracite, tlir modern by-product oven, operating at 
a n-tnperavure of 1,000 deg. <Ynt. or murr, doe*> tbe work 
of uge* in a day, producing coko the equivalent of natural 
anthracite, and, in place, of natural gaa and petroleum, 
iltomiuating ga* and oil* of the Mwiw series. 

In the electric furnace we convert cok* into graphite, 
and Muiasan has converted graphite dissolved in eaat 
iron into the diamond, tbe end uf tbe series. But at 
r h»»« nigh temperature*, a* slated before, tbe by-product* 
arc largely of the ncfixrac serins, while nature's by- 
product* are of the methane ssrie*. 

tOW TKMFK-R ATl'RF. CARRON1X1KO KXr* R1MKNT*. 

Itrecutly. therefore, in our laboratory at Syracuse, we 
have trie*! to determine the nature of the products at 
low temperatures, starting with the wcmkI and going 
through the series to coke. 

Our experiment* are still incomplete, but some of the 
result* are tabulated below. For examine, wikmI. brown 
lignih , black lignite, Illinois coal, Kanawha gaa coal, 
sinokeleaa rood and anthracite* were gradually lnai.it 
uolil deeompoMtMiii -tart* -J and a small part of (he gnu 
was driven off. The result* are calculated to the pur* , 
dry coal 1mm*. 

In thrswt experiment* we usod a cast-iron Iwmb, heated 
electrically or in a muffle, furnace. This bomb, with 
iilnuHititg apparatus and ga> holder, was devised by tbe 
writer about fight year* ago, and haa U- n much used 
in the laboratorim of the U. 8. i lov-ennieiit, and in our 

• |'r<»-iil«il at the ftbCfllax uf the *Wrtli»a uf Physic* ni»l 
t'brsmlKtrx t>f thr *>*nkll*> Ium||I*Ic, *n*l |iulilub««l In lU 
wfecSPRJSft 

• M»l**r> * -luJ) uf Mshtinc rrlruttnill It* Keecnl Orlsl" tint 
!*»»■ Origin i*t FNtruhnilu ta tlenermt," fa** JllM <-ntn- lu any ftltm- 
Uon. TW oklitwv sjl.esi U-avivt bllki ilnubt that petroleum U 
QSfcSUf aatw's by^mdui-Oi «tf i>aJ —J. |. tout rVno f 'Aon . Kcte 

ran MUY p. 101. 

• ivu i A Courier. Iter . I'M . I. y J3U, 



laboratories, for determining the nature and amount of 
product*, from various euaU under varying ninditintia. 
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AneJyMM n«rr mill 

Mr* l mi tithtft*-* 7& TO A W g 43.0 3ft 0 30 fl 7 9 

stxMiwlNiii .. 2ft 20.fi U O AH it 710 BO 0 '." I 
Temp. dreoinpi>*ttioB» 

(dm Cewt I . |5J> 2M lOO 30(1 33» AMI 3IO' 
Temp, rsjifr of «pt» ' 

■ ■.] v ) " ~* ' i v i XK\ .u* ; . i £U>- 

iaa sso mo w mh too «?a 

Lltrus gsa enolveil 

Iniia MNI *w «3. & 10 8 14 0 II & 14.0 0 3 4 5 

t-bl>H-nvtcirt|WTUm 3,000 7 SO 1.000 HtS 1.000 Ofift 330 
liw anfj)-«l« p r.) 

OOi sa.e ■ 6 49. 1 M 1 7.3 «& 10.3 

Os>W.., o.s 00 o o 3 a 0 6 3* 1.3 

C'tH. 0.6 1 .0 0.H 3 2 1.4 3.3 0.4 

CO 30 0 34 7 10. ft 10 a 0.0 4 1 3.6 

CH. 1.3 11 4 10 ft 43.3 »7.4 ftS.A 70.0 

Ht 1U 0 3 0.0 3 4 14.6 0 7 0 0 

N, .1 0 0 4 IO 0 13 0 12 H 31 3 14.0 

Or nrnt hy wrlchl 

tr*»i»1lw^l 51 | 36 g :i| o H 7 13 3 10 0 0,7 

■ - * - MpjIwi 

VolAlllr 06 0 3ft 0 30.0 33 3 IH 7 13 0 7.1 

FIikI earboa .. 44.0 61 0 00 3 76.7 HI 1 *• I 03 f 



The residue from the ft rat iwlsmUing teol on MwblVWI 
lignite IFM meain heated from 4.j0 to 500 dog. Cuuu, pro- 
ducing 3y500 c«j bio feet per tun of gaa of analyst* a* shown 
under heading "A.** 

This tteound residue, luo.tr* I again to VM drg. CVnt., 
gn\c 7.UM1 aMbtfl fe<et of gas of analysis under beading 

•it." 

Pir iv«4- Pit ivtll 

fX), 17.2 7.0 

(Vis &.B 1.2 

C,H. 1.2 II 

Ot 7 .5 

CO B .2 22 A 

CH« 38. 4 18 3 

H« 12.0 n 2 

Nt 3.8 7.* 

Kvideully from tbe«-' tents iltssiinpiwillon gradually 
la-eKight about by hewt lend* to drivr off nt tirst the high 
oxygen eonlenl. and ouHi mal type- is converted into a 
type similar to. though not exactly like, the succeeding 
higher gradr furl. 

In rh*c*iKiof wood, the gaa rtntl evolved contains alioiit 
07 |xir oeoi of CO, and ( XX Similarly the bgnitea and 



tllinoi' sjoajfl |ro4 tri ^ * •■•ff » Iiil'Ii pen-entage of oxygenated 
comiMiunds, and in ibis way nee«-Harily the reMdiiea con- 
tain bis OAygcci and tue of higher calririlVo value. 

I'nder high pl>-<- in I 1 b -Ii- ri- r fnti lintuil 

dei'om position would result, and the residue* even inorv 
doaely n*seml>le tbe natural fuels. 

At any rate, such slow, artificial earhonixation is strik- 
ingly siiggeslise of nnture's process. These, rrstidue-s show 
i In ttb si ri xt'DiMuniNs to the natural priMluet. That they 
are OOl Identical, Imth phy*w*ally and chemically, may 
Ik- due to the high pressure u**<d in nature which we have 
made no efTisrt to duplicate.* 

NATURAL UAa A Bt-rRt>0l'cT Of COAL. 

Hut if natural gas, chiefly methane and hydrogen, is a 
by-product of nature** carbonizing pmeeasca, we must 
explain the disopiMtarancn of the large amount of carbon 
di>i\ide unit r*rl»n!i unoioxidc which was originally pnwul 
in such <le"itupoNitiMii L *;i>.. m. Mnj we luil il>mihii*« tliat 
the l'O t haa l«-eii alworU**! from the gaa by the alkaline 
earth waters prodiK^il by « eat hen rig roelm. and that tlx* 
eurlH>n ntrinoxide has lieen alMorbeil und oxHlizrd by 
metallic oxides'* tins thus obtained front carbet nixing 
lignite, for example, by removal of (X)f and CO would 
U- practically idintical with natural gas. Thus, calcu- 
lating out the COi and CO from the gas obtainesl in 
beuluur hguib* at low lenipcgatarot, we have left a iciot 
containing principally metlutne, L e., a tyiwul natural 
gas- 

x 1 1 <»r CUAtA 

Now that weiinderstaml the nature- of eo«l* as diffen-nt 
residues in the prisjrressiii <lte«imp<isilion of wood into 
graphite. *m an 1 in a |*iMtion Ui rhuaify them. Rejecting 
aci ideiital impuhtiea, Mtn*ii aaaah and milphur, and using 
the puri 1 mal iMtMs.eiKals nu»y Ih< euuisifVd in seteral wa> s. 
Five Important differenee^ are suggested on tlte fulhiwiiur 
e|uu*t as Inascs of elassiti. > for ('xample. UMiisture, 
vouttib', oxygen content, calorific value, ami Anally, 
burial ihi*ompii*ii»un tempiTnture. 8pei*iflc gravity, 
lotal rarlain. oxygen rxmleDL. and other cluxnu'teristico 
miglit also 1»- given, all of which indicate tin *Ann- pn»- 
irrevdve r-hange in charai'teri^Ue^. 

• It-*' it- ohtitnr*. M ItkbOiii. 1' s lliiresu nt Minn. Bhen 
plirftlmt thv C4iio|MMltlitn uf by ihr las>*nl<uAH trUnsle 

uit-1 IhnI liHllesle thai Un ||W uf dcivmipiiMOua immU MCisia1>' 
*m M-itO-atifhrsrtte to ApiM^NwCtmt. i>«rr»-M»«wllna l» BN In-ckI lu 
.Mir <■ n . > hs- eftltirlrte valw uf \olstlle un-* 1 < 

< It In well known thai CO the |in^-ni-«- »f lijitn«i*n iwi In- 
<iU(tlxril |w t wttlMHIl MtlkrtilnH In-inw.r. li> ■■ MS jjssj a6*f 
iiii unic n\lil.- Tttl* •M'let-ov*' leOilaiaw t* |M»««|I4*< won t. m. 
• i ■ i- and sttth ce|n--r mlil> Ti-tnrersinn-* a* a** a* -liw. 
'-'•"ii i are •uflhJeui. 
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Distribution «( real in the raited States. 



unu stasi>,»bpii»d utalttTJCali mictsuiiis UUH tttau 
run v<>l.*TII-r «nrrt:H ami MolsTi-ar.. 

rnforlunnlilv It i« necessary to call attention to tbe 
lack of uniformity in methods uf determining moisture 
and volatile matter in ciinlK, since muub uf tin* data given 
in thn table* pn»nt"l depends in particular u|h.ii con- 
sistent result* in the (U'li-rmination of these figures. 

An atmosphere standing over a calcium chloride solu- 
liun containing 3.VS per cent anhydrous chloride 
show a lent at any ordinary temperature of M prr pent 
relative humidity. Likewise atmosphere in equilibrium 
with calcium chloride solutions will hav« the followinK 
relative humidities: 

llumldily. 
Fcr cent 



2d 
12 
30 

ao.a 

SS.6 
r. 



50 
30 
70 
■■i 

80 

A eoal in such an atmosphere will, like any other 
h> gnwopie material, take up and hold a definite anmunt 
of luoixturc according la il« position ainolic the lypra 



of furU »liowu on chart VI, bottom of thin pair 
Volatile teata ran be made with much satisfaction by 
use of the Meker Iwirner, but perhaps for strict com- 
jtan-i'ii *tniitl»rdixed eonditionii in a mufile furnace ore 

belter. 

Evidently as we proem" in the series, volatile matter, 
oxygen and moisture go down, while ealorifle values and 
temperatures of deeompoMlion go up. Aa decomposition 
progresses the specific gravity also goea up. 

I am not aware that the decomposition temperatures 
of coal types have ever before been studied, but since, 
as «e have assumed, coals are residues representing the 
different steps in nature's carbonizing process under pro* 
grcssivrly severer conditions, it is only natural that they 
should have different, and, as we go up the scale, inigaaj 
ing temperatures at which they begin (again) to decom- 
pose. That these decomposition temperatures are pro- 
gressively higher is a further strong indication that coals 
really are just such residues as has been assumed. 

Low grade coals contain much moisture. They are. 
in fact, hygroscopic, and will, like other hygroscopic 
materials, w hen dried take np again moisture from moist 
air in proportion to Its relative humidity. 

As lias sometimes l»«*n assumed, high volatile coals 
are not ginlogically new coals, uor are smokeles* coals 
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of an older ffwlucical formation, aa is evident from the 
wiili' variations in volatile found in mmU from tbe same 
Krolojrical scam. For example, the Pocahontas coal* viry 
in volatile from nay 16 prr cent in tlx* true Pocahontas 
district, to above 30 per rent in the equivaipnt p^nlnfrii-al 
\- w River district north of Meadow River, W. Vn. 

Though coal* were formed from vegetation at Lhe 
U'lrinnltut «>f tl>e carboniferous era. io the pireenoe of 
more carbon dioxide in the air than later coals, this doe* 
not seem to bare born the cause of any real difference 
in their character. 

The rlaasifteation, however, of pools on the basts of 
temperature required to dreompnae, i* rational. a* is 
strikingly shown from a study of ena] deposits every- 
wherv In Waf.hin4.t0D State iJinre are coals of all typea 
from htrinle to graphite, and. under different conditions, 
alt types may be found in what apiwani to be the aame 
ireolofrical boriaon. Wben the seam is horizontal 1 the coal 
is lismite; when somewhat disturtrod and oblique Urn 
coal it jrrnrrally a iras or smokeleas on kins ooal: when 
folded it becomes anthracite, and finally, when pureed 
by ieneoiia rock, we have crapbite. 

l-OK ABILITY. 

In commerelal work for our purpone* *-okintr coals bate 
abi» to be rliuHified as to t'okahtlity. In tit* 1 fulbta inic 
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< hart VII, — Table nhawing calorilir value or vola- 
tile mailer for typical coal »rlds of the I'niled 
Slalea. 
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manner, which really U based upon o-cygen roDl.nl. 
though not rMjniring the tedious ultimate analysis 
n**'*"s*ry to civ** oxygen content, vp have classified coals 
us t** i-nkabiliry. Using it> a basis 1 1 ■*■ eahiriftr vnlui- **f 
v<>Uktil*» mailer contained. Thi*. for .sails of the 




amount of voUtiln matter become* insufficient So cement 
and nitlii live mass together. Fur example, scmi-antbracite 
<s*als and anthracite, an to cokahility, ar*t beyond the 
limiting factor *>f insufficient cs-'nvnting volatile material, 
fanml coal is uuusunJ III that the calorific value of in 
l> higher than for any other coal with 
volatile so high, lt.v lb*. KaUto* method of 
MKi plotting it fall. well above ibe u» 
r,*al* also differ aa to tbe amount of 




value Am to IU.il •■arlxii yalculatisl : fn.iu the l**ial 
cnlonlie value, aiul dividing by tb*- amount of volatile 
niatl*T. all on tin- pur*' basis, we got a -.ei** of reals of 
iier.u-ing .s mi uting or coking t*iidcnch*. 

Aj shown H ( -hart VII, thin varial Im in ■dlrill valu, 
*.f the volatile matter ha* I* . n found t*> repnsent r.sju)t- 
in actual .xikine practice. 

Ah lb*' ealortllo value of tbe volatile matter increase* 
Hi. eoknbility increases up lo tbe point where tbe actual 



mined rupulJi' of solution in caustic, pyridine, benzene 
and other solvent*, iui*l niAy In Cttaaifled accordingly. 
.So the rvwidiie*. from arlill*-ial carboni/jitinn at low tem- 
perature* give different aimitliil* of matter twduhlc in the 
various solvents. 

Finally. onexposun- to moist atinoHpherv. otals d.*-ay. 
They beeonie oxidirssl and go buck in tbe series. For 
example, by takilwr up oxygen and water a gtMxl coking 
e**al take* on the character *if a poor suh-bituniinmn 



MMl or of the qualities of the nun-coking lignite. 

Coals. au*l their by-product*, an- th.rvforo not such 
mystenoun materials, They air merely intiTmcdiato 
bodies nsmlting from tbe di*'otnpu*iU*H'l « »f ancient vetfe- 
tatinn. just as a multitude of su I wlaiu'i-s nuiy be obunved 
by violent or gradual decomposition with heat of any 
simple organic compound. 

* .iviwi net vi. WANtFACTiraE or roar a\d iiY-raoDitrTs, 

Tin* conversion of bituminous, coking **ial to im an- 
lliracile-sgraphit* equivalent, coke, has leoeome of ex- 
treme eonunen-iaJ importance, and i«arli' iilarly when 
this U done witli the reeovery of the l.v -produeta. A 
ton of areraire coking eoai will pnjiluee in the modern 
by-product oven: 

IMI imuttds ntke. 

IS to 20 pounds sulphato of I 

fi t*> 10 L-allom tar. 

I'i to 2H KalloiLs mLxe.1 Utht , 
xyU.!..,. 

1 ' j pounds fernwyanid. 

Ity further elaboration, from the*** li(rht (wis ami (*r 
prte-ti'\ally all tb*> compounds mctitiomd in lieiUtein muy 



I- pkhIii 



On t'hart VIII i« in.heate.1 the iiitho iiee of temperature 
U|Kin the yields arid c!iaraet.-r of tbe by-products obtained 
from an av enure eokinic coat. The li-mperalun-s Riven 
ri prescnt the hottest part uf the retort at 
ami and of tin- eattajJailing perimi. The avi 
lure would Vj*» e**nsid»rul>ly lower. 

Oh tht* ehnrt tlu< y iel*l of lifht oil is not given, but our 
experiments indiratv a miidniiim yield of tin- mul*ml 
nl about 300 to 330 dec. Cent, 

TiKtiix coal, rictus ix ra>: vxmo -v.,--.. 

With this article are **iven some pi.'tores Helect.ii from 
photograph* taken by the writer to illiisirnte conditions 
in th*' vinjin coal fl.4ds of tin* United Stat**. Tb* *> ir.»*d 
Aiuiricaiis, will* condition- of living which the diacovertis* 
of h'i*ch and l'liM- ur have n*>t vet reai'bul. r* i*r*-. tit a 
lue-kaiu-d trhmieH' into the frontier life *»f our own 
colonists* forefathers; this loff eal>in, timber *'learinir, 
horaelvack. spinniiur-wh«r-l life, with its i|uaint Sluvkc- 
spearenn dial.t-t, is rapidly passing. A permanent record 
of some of the** ibirvgs is, thenforo, of seientiiic value 



The "Britannia" Airship 

By Major IJannrrsnan -Phillips 

AFlMl is being m|H.^J In ('.rent Itrltuln by public 
subss'rlptlon to build and prnsrut to the gorcrie 
ment. If It Is found sultahlo by tin- naval anthormw, 
n new t)i»- *.f dlrlgltile to b*' called tlx* -Britannia" 
aloblp. It Is tbe invention of Mr. J. YVulltiug. un in- 
B t Blt M nautical engineer, l'lie nicthisl which will Its* 
employed In maneuvering U that of Mr A. do llajm. 

The chief isilnt lo the rvostructluu is the me lb.. J 
of building up tbe aeroslnl. whi.h cixiuliines the advao 
tages <*f the rlgt't type as regard* protection of *n» 
rnntalnvrx walnteuanrv of »lw|«' trveti when gas U 
luxtl and facility of fleering with thorn.- of the an* 
rl(M type In that It can Ik flat when deflated, and 
this Is the chief fnetor In Insuring a far greater net 
lifting power tluiu l» i»*»lble with any other known 
type of airship. 

The hull U tan up of longitudinal at.*el tulic* a, 
%ultably brand taftthcr, having their *tid« tlxesl to 
n.ctnl inn. phss^ lit . Itlwr end. A central steel cable 
runs, rnan bow to Mem and braces the whole struc- 
lure, making It perf.s-tly rigl.l. The structure, nr 
fnunenork, Ls suitably eoverssl with fulirlc. The In- 
sJde may I* dlvld.sl Into partitions, thus preventing 
eooii.lele l««s of gas If iKmcturrtl. 

Hie base of the aerostat Is left flexible by tile .mils, 
•doll of two or more «tn*l <nlie« On this caw 3.1, wh.ee 
pin..- Is taken by . lasllc strand". Vtlicu Ibe gus ex- 
pnlels or roittrio-1-. o.*ing to ntlnoMplverlc chiinge*. the 
im reus.- or ihsxi'iisc In volume 1* taken up by the 
Iisim* Is'lly thus fomivsl ; tills prevent* I.e.*. of uiih when 
pv|*ait>lou takis. nlu.s' This Is-lly Is cutiUliie.1 In u 



covering by which the car is suspended from the aero- 
staL 

"I'hb. eovcrliLg fitrnts nn nlr chaniwl vx-htch has an 
opening at front and rear through which tin- front 
pr.sjtcller drives a current of air, thus removing any 
louss' gus which may otherwise hate colh-ct.sL Trie 
necesslly fur this, or some similar arrangimient. was 
jsjliit.sl out In tin* MciKXTinc AMtan ax <sf Novenibet 
•---'n.l. 1013. 

Tbe engiues are six In number, three of which an* 
ui.'untid at the frociL and three at the bock. In front 
Is on** "s-utral motor 6, while tost behind It arc two 
other* c, carried on outrigger* which extend upward 
at tbe sides of the aerostat. A similar iirrangeiiM.nl, 
In reverssst order, Ls a*li.p(*sl at ttve rear. 

Tlie Mid Wtfl are **> plmsd that the ctmter "f jsrojml- 
sli.li i .'liiciiles with the center or rc-Maiiis ns nearly 
as possible. 

As Ibe propeller* lire .llnslly .siupled lo the misters 
there l» no loss of eiwrsy tin* !*• I r»ii»intn*lon. Tut* 
menu* motre propulsive |«.wer than stationary engliw-. 
glvbu; the same uoinbial tsiulvalent In bon*e-l**wer ; 
In fn*-«. an Inereia**. of approximately M i»-r eeut. TIk* 
pisiprller* ami *nr are so aratu-ajal that binding can 
be etTected on either limit or water without fear of 
damage. 

Tin* fn.ut and r.-nr motor*, are so coii»lnMed and 
x* llx.sl a* to lie capable or liolug till.*! up nud down 
n ml swiveled rigid and left lo aid In steering; tbt» 
Is especially Lmportanl when ascending from or alight- 
ing In n limlr.sl space, a* It allows tlx- airship to l*? 
turned about In It* own length. 

At the rear of Ibe aerostat arc two vertical stahlllly 
planes si. awl at the rear of the-e again lire two 



rudiK-rs g for horuwotal stccrUig. which an- pivoted 
one third of their distani-c from the fronL Tula 
arrangement Insure* ease ai*l ctlielciicy of eontntl. 
Tliere ill-*, ills" two horizontal atahlllty planes r. which 
have elevutlng plan.** pliot.sl in the aanie manner a* 
the ruslder*. 

lb*, f.illowlng are the inulii dimensions ami iwrtl-.Tl- 
lar* a* regard the airship: 

Uiigtn Ml feet 

Maximum dlauieler R! f<s-l 4 turtles 

Average dlameler *) fisj't 

fat-a.lry ICKMIOI cubic feet 

<;rot*s lirtlng |«iwer MM pound* 

T.ital weight, with cur and engine lli.tlTO pound* 

A* the total lifting |*jwer Ls ai,:Ri*t |K*unds and the 
total weight Is lii.HTil pounds, th*- net lifting isewer 
U ViflX> iHsoiid*. or 43 tier cent. TbU *s«n|iur<s* very 
favorubly Willi the Zepis'llos, whl.h have a n.-t lifting 
power of oidy -Ji |ht <*ent ; thus, Mr. Wullltus's airship 
lilt* S3 |s-r cent amrc net lifting p*.wer than Ihe Z. p- 
paUrM hot If of the same al«e. tbs* net lining |s.w, r 

uislld l-v.w.l thill ..r Ihe Zepl»-lllis by about 1)5 |a*r 

cent. 

This high «.|liclcn<y a* rcgarsl* net lifting power Is 
r4irl.*usly an cnormou* advantage, itaet It means that 
Blot* actual weight can he carried lu the sliape of 
fuel, cargo, ballast, pn<*engor*. wln-li-ss ti-li-graphy up 
piiratu*. «*r cxptsavlrc*. In time of war. when the air- 
ship might have to iviunlli aloft for long 1-erlod*, It 
irwdd «saa1ih> Ibe venae! to carry a ctcw milllclcntly 
BHMMM to work in n-llefs- or to transrsirt ammuni- 
tion rapidly when urgently want.-*), any lo a fce- 
l.siguervsl forlre**. nr to renew the exhausted supplies 
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of n detached force over tb« lirads of in intervening 

enemy. 

TIr* Zcp]*.-llu ve**els are tbe most si>«*>^fiil rigid 
dirigible* up to the present. THkinic tlieiu u» a stund- 
uitl. Mr. Wulthngs airship aimimn very favorably 
In Ihe following points: 

Allb.sigb It l* absolutely rigid. Hit- construction I* 
so light tbnt if It were built of the some mpncity m* 
the Zeppelins, with double the size of car for l»s- 
wiiKvm, and lirnf rui'l oKit.tlni'ns It would rOII have 
M< i«-r cent to «« per ivnt uiore net lifting power than 
thi- hitter. 

The higher cillticiicv |s-nnlt« of mi increase In sis-cd 
up to .V, or nr. mile* per hour. 

t lifting power cniililcs tin. dirigible 



to take In more furl for u longi-r radii*, of action In 
time of war- 
On the -Britannia" airship .|Ukk-Ilritig guin. with 
ample supply of aniuiiuiitioo. u larger crew, wlrcloss 
UH>'>ratiL«, etc., run bp .uirriisl. 

lor rtrlllnu use, a good ln<oinc <-ould he earned by 
jttaseihger currying and dboilnyltig advertisements, Illu- 
minated ill night. 

If giii won* b»t ctr * hlL r 1i altitude d«-*lred. 2.1 per 
<vtit of the totnl weight of the ship conld be anc-rldced 
In ballast or far], owing to the tiigli net lifting tsiwer. 

A suc-rlflce of 25 per cent wisilit ctvr an additional 
altitude of about J.Win feet, mid a further altitude u|i 
t., lilMl f.,t .-.slid easily I* obtained hy Idling tlw 
ii.-.. of the -Iilj. >i|i ii ty«t d.gns-s from tin- liorlmmtal 



and driving lit full sliced ; If tlw liow i 
themselves were tilted upwiml » f.-w • 
llx-lf would give additional iiri. 

Mr. Wulfflng'a airship, of tin? tilKive-iDcutloiied dis- 
placement, wimiil haw a speed of 96 to CT, wile* t**r 
Hour, mill n radius of action of taTO mil™, or It <<o<ild 
make a single voyage of l.iwn mile* wltliout taking In 
fresh supplies of fuel. 

Apart from the above advantage, the ixie of cot 
b. very considerable. 

The cost of at) airship, equal In size to lite Zeppelin, 
would be J75.O0O. an compared wllh IIOS.OOO of 111* 
latter. The cost of the "Britannia" of smaller rite. 

than the Zeppelin, will not ex- 



Aerial Reconnaissance During Sieges* 

Its Important Influence on Artillery Attack and Defense 

By E. Kahisch 



Not mniiy yearn ugo Ibe search for lnii»fccd hnttertoa 
vent. con lined to liowitzen and molllir». I'lel.1 guru 
were nlwiiy* plnoe.1 on beleht*. fnnn wlikli Ibe eye of 
Hie guiltier could f«ill>iw the nulek movemeiit* of tlie 
lufunlry nnd eiivulry, nn<l dliieover the npproai.'blng 
artillery <if tlie enemy before It luid Oliie within tiring 
range. It wit* mipihuhnI tbnt the IntrrHliK-li.iii of tlie 
inm ^hU'ld would Inerejue tbe eAYrtlvem*** of lliin o|ien 
inetliod of wnrfnre, 

Tlie exiierieoee of 1bo Rittin-Jil|tllK»«> war lir.Mlglit 
forwanl advneulea for tlie mn«klng of Held pierea. I'ul 
thl» BUBge»tlon wn* violently .»|ipiwil »t Brsl. I ri nu-ui 
ler Ihul n division couniiiiiHler who bail rlm-n from tbe 
Held artillery aid to lne. In dlxeunllig tlie ibimeuverH 
III lUM: I Hhiiuld not like to >bow my dlvltdou I he 
»|a*tnele of artlllety hiding liehlnd hllbu" nut the 
advocate* of concealment prevailed and noon It lioeame 
nrcrasiary' to remind tbe artillery that tl>e ex1gel>cle» of 
battle might evetitnally reipilre It to break i-over and 
eodie out Into full view of the enemy. 

Tbe foot artillery mill more eogerly ndoploil Ibe ein- 
jiloyRM'nt of eoneealcd jHjctlllonit, and greully develi^ied 



action of nioileru heavy 
artillery in bo great tlmt a buttery once <H»eover«l by 
tlie ela'lny HlrfH'iirs doomed to mieedy aiililbilatloil- 
'ITiene nrgnnientu apply null more forcibly to slegea. iu 
which vlrtory. for etiher eomhqtant. deiienibt mainly 
uikmi bK ability to iniiuaxk the enemy's bntterlea and 
roiiceiil bl« lu Ihl- ronlcKt the ndvniitflxe that 

the iM-slegi-il enti derive from thorotigh exiiloratlon of 
the groniul In time of peace, l> )Mirtly ermnterbuluniM'il 
by tbe wider expaindoti of the besieging forcea nnd 
tlirlr ability to utilise every powiblllty of tbe (round, 

Aerial reeonniilKsaiiee ha.* long lieen employed both la 
ulegeu mid In the field. I "mil recently reliance waa placed 
mainly on enptlvo hiilh'Hp<. nltliough the w of free 
halli».iim to a limited extent, in sicgee, wan also advo- 
cated. No extravagant bii|H!9 were entertained In re- 
gard to the enptlvo lialloon. It prewntn so excellent a 
mark for artillery lire tltnt It cannot be used within the 
mnge of xhrapoeU and Hit ability lo discover stuall 
i>hJiTt« la alight, esticclnlly In the foggy- climate of 



float over tbe Invented fortroiw and lo photograph Its 
detiilK muM alao float very higb. In order to eaeaiie 
deatruetlon, anil the obyeeta photogrnphed are largely 
determined by chance- Tbe free hallnoii 1« of allll lew 
value to tbe bndeged, beenuw it b» Impnwlble to brliut 
it and Ita pliotograpba back lo tbe fortress. In opeo 
liecu made to uae free bat 

Tlie development of tbe alrMilp, and e«peelally of the 
aeroplane la rainjilly bringing about a complete revolu- 
tion In aerial rceonnalaaaoce. It can be a quotion of 
only a few years before the prngresui of aviation will 
make It ponalble lo dlacorer every battery In the 



of aerial battleahlpa, titled to attack ai 
other. 

In tbe Ik'ld both coinlmtnnln will he tiMe to employ 
aerial fleet*, but tlienc will be expuned to attack from 
land hntterlea, an well aa from eaeli other. Thin fuel 
and the ahortnw of the time available for reeimnnl*- 
nunee will enable mnny hntterlea lo escape possible 



In Mteimi the I'linilltlonu lire very different It la 
tt priuri IniiKHonlhU' for the d^'feniler. to eoutent file coni- 
lnnnd .if the air for any long period. Ill the flr»t lJnee. 
they will |.e poorly . 

cliletly to tlie raid 

be 'orn I.- If It happen* lo pnwvaa a few 



!<ervlee«hle miieltliien and n few ti.m<-i\ avlatora. Thta 
Utile aertnl mniidnin will «owi lie ileatmyeil by the 
vastly greater ll.»t of the enemy, and II will be luipoa- 
»lhl.' lo repine.. It 

The Miperlnr •■Intra of the floVI corpe will lirevent the 
nctidlng of relliforeeiuetitit lo the aerial Hi|iudr»ni of the 
fortroei, aiul even If tlwiy sdiould Imi m-nt. the inci*inlng 
ve*o».|n would Iw- Iii tiaiiger of lieintf nhot d^iwn liy hoth 
rrleiide and t--. »» It i» a!in.»«t linpo«.lhte to dlaUn- 
gllinh belVK-eli aeroplamK ill lllgbt. 

The ftirtn-*!i i^ii tniln lt> gun« uiioli the aerinl wont 
of the etketny .vnil *frlou>ly lumta-r blm ill hlx work of 

nerlal re..-onnal^iiM-.'. tint It I* ot.vlimi* th.it tlie devel- 
oi>mi*iit of UTiatioli lne* given the Ijerdcgrr 11 gr»-at lld- 
vautuge. Ti'lepliotograpble view-*, taken from kin uero- 
phiDis will reveal defending Nitterlc lurking Iwlilnd 
MM*, and If expert artillery officer » are placed on tbe 
areopllll«e» us observe™. Ibe |»r.j.lieet of a|awly de«lruc- 
lion of the muna.iki<d laitK-rtra beeome at onee wry 
favorable. 

I'or averting thl* discover) and de*tnic1lon there are 
only two mean* — the gun Hhletd atiil Hie raa>-k of tret-w. 



out ej|»vlng ltr«-lf lo the life of the retracted artillery 



of the nvlntor. but It* dratrueilon niinlnn soieh ni-ni 
racy of hre that the nwre ktxiwlc\lge of ft*, location, 
even If laid down correctly on a plan, by no xueana 
decides ita fate. Ita tiynlematic deetniLilon reiinlrea 
ettlier atvuntte lateral oliHerviitlmi or n greut cxja^ndl 
lure of very <-r«.tly nmmnnltlnn. 

ThU nn«t eftVlrtit protective dev|.»- howewr. bi lloelf 
eo cnetlj that It mn be employed only lo a wry limited 
extent. Moreover, tbe gun no protected In fixed to ooe 
spot. It cannot lie moved from a part not attacked to 
a place where It In tnoet needed, and It can not be used 
h) a bealeging force. 

Maska of trren, If iirojietly nrrangevL preacnt very 
serlimn olmtnclr* to aerial reennnatwance. A few nar- 
row tine* of trees will not aufllce ; numerous Irregular 
grimp* are ncceiwary. For Uiia reamm large orchards, 
distributed among mrndowa and cornfields, are very 
effective. Where this method of eultlvntton la cus- 
tomary, as It b> In Alwtce Lorraine and nailetL the tree 
distribution of young treoa and tlie offer of prize* 
for their cultivation would Indnc* farmers to plant 
orchards on their own land. Iu this way tbe cost of 
acquiring land for this imrjione would be saved to tbe 
mtlltury administration — provided that It was sup- 
Iiorled willingly, skilfully, nnd discreetly by the civil 
authorities. This method is a slow one. as years would 
be required to produce sutlleleiit protection for artillery, 
for this MM this Inevitable development should bo 
begun without delay. 

Tbe adoption of these protective measures fa only 
part of tbe defender's task. He will be compelled, more 
than ever before, to seize In advance alt commanding 
heights near the fortress, in order to observe tlie enemy 
without the aid of aeroplanes, and lo assure free scope 
and long raiuje for Infantry Are. For If tie i 
tin I levies fall to eacaiic discovery by the 
nerlal scouts, and prove unable to snstnln the combat 
with Invbdbt* enemies, their only chance of success lies 
in retreating so far that tbe enemy's siege guns cannot 



view of tbe defenders. 

At first sight this retreat appears to Involve a sacri- 
fice of the lnfnutry. whose positions ax* now left with- 
out artillery protection and exposed to tbe lire of tbe 
benvj siege gnus of tbe enemy. This ex|«)«ure. bow 
over, is nnluiporlniit ir the Infantry positions are forti 
icy can defy tlie attack of the 
guns. Only the attaeklnu- leMetiu can 

force the def, ndets to show theni^elM- he hrell-d 

works, and the attacking bifuntry 



Here we come to a tartletl! method that Is often l» 
p]oy«sl in the field— tlie so^wlloil artillery cartel. The 
artillery of each tddc Ignores that of the other and 
directs Its fire on the Infantry, which, lis usual. |Njys 
the toll of hhssl. Yet tbe artillery of the besiegers can- 
not disregard lis own Infantry'* cry for help, and 1s 
.rf.llg.sl to advaisv far enough to renew Hm- attack upon 
the rrfriMi-l .lef.-ndlog butteries. Tills Is Ibe com 
incts-emcnt of Ibe dotisiw conflict, in whieh a very 1m- 
IM.rtiuit part U played hy the p.vM.|l»llllles of cover 
afforded l»y the ground within a mile of tbe Infantry 
IsMtinns of tl>e defense. If the defending nrllllery can 
hold Its own lu this |sirt of the fight. In which Its 
ehiioee* nre far better than In the Initial engagement 
nt long range the attack of Ibe besieger's liifanlry may 
Is- stopped. 

This result cannot la* accomplished unlets the imsi- 
liimis of the defending Infantry are strongly fortltled. 
If rhey cannot wlihstntMl the enemy's artillery Ore Iboy 
will Is- cntitured easily, nlibout even compelling the 



The required pr.Mecllon can lie given only by perma- 
nent fori I lku Hons, but these need not he storm-proof at 
every point. Tbe character of the front and the fore- 
grinuid sbouht be tnlcen Into considerntlon. Open 
irroniwl. nltonllng a view of the enemy's action, I* in 
ll—ir a great protection tewn nt night, wllh the em 
ploymetil of senrclillglitsl and elves the retracted de 
fenillitg Inittcrles free scope. Hence Infantry cover, so 
situated, need not be absolutely storm-proof. But If tbe 
foreground affords the attacking Infantry cover at short 
range, the positions of the defending Infantry mnst Ik 
very strongly fortlAed In order tn escape being taken 
by assault. The 
adapted to li<al . 
to a uniform type, without regard to expense. They 
should always, however, assure ample protection to Hi* 
men. OtherwUs, In view of the limitation of the powers 
of the defendlog artillery by tbe development of aerial 
reciwtiiikuuuiee. the fortress will soon fall an easy prey 
to an ■ 



COBCLt'SIONS. 

Tlie development of aviation has given the besieger 
an lmjiortaut advantage. In addition to the possibility 
of Injuring Ibe fortress by serial attack (a point which 
l« here purposely passed over), tbe artillery combat la 
Influenced greatly to the disadvantage of tb» < 
The employment of gun shields cannot be 
c res sod, bonce the guns must be masked by 
otherwise, as well as possible. Furthermore. It must be 
understood that the defending artillery will soon be 
forced to retreat before tba overwhelming fire of tbe 
hidden slag* grins or the enemy, and that tbe dedslre 
action will be the Infantry attack nism the positions of 



If fJioc position* are ItiaiuHciently fortified they will 
Is- quickly destroyed hy the distant fire of the besieging 
nrllllery. If, on the contrary, they are bomb proof, the 
mucking artillery will be forced to advance and en- 
deavor to destroy the retracted hatterlas of the defense, 

attacking artillery will be in seriotxs danger of i 
lotion. 

It may Is* objected that 1 have nvcrl.s.ked the rtosai- 
t.llity of the employment of nerlal seontx by IIh- defense 
f.,r dlscoverinir lb.. ..iH'i n) 's prctwratlon* for ultnck. I 
liethei tin- defeii<e would long remain in pos- 
of an aerial 
object of the i 
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Ttu- roller lift bridge with Inl load of loeomolircii and ears. 



The bridge open for a typical aailing »e»»el. 



Linking India and Ceylon by Railway 

Difficulties of Bridge Construction With Native Labor 



By F. C. Coleman 



A itiKFiT coaiMH'tldd between thei rallwa)* of India 

and Ceylon ha* lately been opened. This scheme cum 

.►cised Ihr »U*1|k]uu uf till? SoUlb ItMllUD Railway ftnlfi 

Mniuhituim. u» the mainland i>f India, to PanushkodL 
on the lMLniiili.tr Kji nii'i-w Jim hi ; an extension from Mnda 
w in hi. un tlw am I n liu« uf the Ceylon Vovvrnme.it Hull 
w»i«. in Tallrmanaiir. on the island of Mannar; and 
thr ifiistrurttitii of two piers ami l-umIuuiv postal ami 
railway -'unrterw it t inch uf the railway termini, for 
ih** service of ihi* ferry steamers provided between 
tbetii. In .addition, a quarantine camp bit* been con- 
structed near Mniidapam far the detention of Indian 
rootle labor •« war*' for Ceylon. 

Tin most Interesting work wax the bridge (IMIftnill 
tton acroa* i'slk Straits along the reef extending from 
tbe mainland of India to tlw Island of Uameswnrjim. 
The Htnnture. roinmetiiiitf frutn Kamen Point on n 
narrow **di1t promontory called Tout Tural, about 2 
lull.- from Miirwlapnm, consists of 112 plate girder 
kjhUih of 40 feet, one of 43 feet, a Schemer rolling 
lift hrldce of feet, one plate girder Hpan of 44 f»v» 
it oil .11 spans of 40 feet, extending to Pnmhan. At the 
Scheraer Hpan, l*amhnn Pass, an ertiUctnl ehnmiel mndc 
sutne ll fly yearn ago, provides for coastwise navigation 
Tlds Is the only navigable channel between India and 
Ceylon, ami has a depth of about 14 feet. The sob 
structure for the Scbereer bridge consists of two It- 
foot and two 12- foot cylindrical piers at each side or 
tbe channeL, extending down about 45 feet below mean 
sea level Into a stratum of stiff yellow clay. The 
cylinders on the Paniban side were sunk with an air- 
lock, but those on the Ton! Torttl side were sunk by 
dredge and divers. To facilitate the Kinking of tbnsc 
cylinder* two artificial Islands were made of corn I 
boulder* and concrete In sacks Inclosed within a timber 
caisson and covered with day ami nnrxl- 

Fnsni an engineering standpoint tbe erection of the 
Scbcraer bridge la of Interest because native Indian 
labor was nscd solely, and because, to prevent Interfer- 
ence with navigation, the leaves were erected in a 
position Inclined about 00 degrees to tbe borltotital, 



despite the high wind* and Mining till I HAM prevailing. 

The bridge Is of tbe double-leaf, tli rough ty|*\ for 
-high* truek of .1 feet Inch gage, with a span of 




Hindu Temple at Rameawaram Inland. 

225 feet between hen ring*, and a width of 20 feet be- 
tween center Hum of tfaVJMfc The erector* were 
Moplahs, who nre native* i»f (he Matiihur const on the 



western tddc of India. They were etii]doye*l by two 
contractors, each of whom had Iteeii awarded the con- 
trail for tlfce ereclhm of one leaf iiimI had previously 
erected tbe to foot girder span. Tlie rivalry between 
tbe Iwo crews, alflit-ugh not always friendly, did much 
toward expediting tlw completion of the bridge. The 
Muplalu* did not have much previous experlenee of 
bridge erection, but were strong and active and skillful 
at rigging work. All .alter labor *«» employed directly 
b> the Smith Indian Hnilwuy 1'ompany, and was mm- 
potted mainly of Anglo Indian* ( Kurnslans) himI Tamils, 
as foremen, engine men, mechanics, rivet Inspectors, 
painters, nod boatmen. In uddillon to the coolies of 
both Mm 

Tlie average hours of work were about ten per day, 
and work was carried on cx-ntlnnouflly, on Sundays as 
well. IkYsslonnlly n Mohammedan feast day would 
atop the work. 1'urlng the Mohammedan fasting period, 
which continued for thirty day* from August 4th, work 
stopped at about 4 o'clock every afternoon. Then 
the Moplahs BwataJjDaal rigidly from eating, drinking, 
smoking and efaewing from sunrise to sunset, notwith- 
standing the climatic conditions, ami even tried to 
abstain from swallowing. 

KrectMi work commented on July 20th with the 
drilling of bides In the anchorages for the anchorage 
column splices. The 12-ton track girder* were then 
moved and InSMed Into place by means of tackle and 
band winches and a gantry or framework of teak poles 
lashed together, on each Uland which had been left 
-landing after being used on the substructure work. 
Recti u-« of the small space on the Island*, only a few 
pieces could be brought at a time from tbe -rioreyard at 
Ton! Tonal. The materials for each half of both leaves 
had been painted a distinctive color in addition to (he 
erection marks, so that the mod Illiterate of tbe work- 
men could distinguish them, Riveting was performed 
by pneumatic tools, a* well as tlie drilling ami reaming 
necessary. The riveting done was a source of annoy- 
ance at lirst. due to the Inexperience of the workmen, 
bill it- the work prihgr*w*l tbe riveting Improved, and 
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they were able to drive tbe rivet* (it a nitc of 2flO a 
day per squad. When (lie ttxed purtlun* of Hit bridge 
had tut'ti erected ami tbe Hcgtncntnl Birder* mid »moie 
cf tbe subsequent plc<*e* plio-cd and blocked up lu their 
proper positions, the gantry |m ■!•-*« iimiiI for erecting weie 
rewovtsl ami the counterweight |WM assembled, Kivrt- 
lug followed dowly on erect Inc. nnd after i-ouj|»tctioii 
«if the i*ouiitrrwcictit boxes, fonifc* of h»ch tcitk niwsl 
fur til* adjustment |»orket* wetv put Into plan- Im HnV 
buxea by Indian mris-iitera frus.ii the eoted rvict n.u work- 
shop at Tout Torul. Though theNc Q>noCPl»r», like the 
other Indian vortnrn, used tools and method* tti.it do 
not wluiliy conform with KugMsh and ftasaflClD Mmus. 
and hnd little knowledge of plant*, their work wa* £in*I. 
In «me rc*]>e*i th*-y have the mliiiuhu'c of Im-Iuit aatvpta' 
111 supplementing their handicraft with foul-craft 
Stacks or crilw at nil) railway tics were jtUiti-d to sup 
port tlir counterweight whig* .luring the unhaUuecd 
condition of the leu res, nnd runway* were built fur 
plming the counterweight POalCtftfc A luwmHr mixer 
of half u mine rani cii|Htclly. moulded on n (Haitooii 
scow, ■inured at cai h Ulttitd w»* iimmI. Am the lintche* 
..f r.Hi. r.'lr u.i. i| ,., tit>rt< i|iiiii|nn| ii|m*u Uh 

deck <>f the -«cow and *bovclcd Into culviiidscd Iron 
dishes, uhout Inches In diamcicr and ft Inches deep. 
The flOMNM wtw carried up the runway* In three 
di*bc* by 11m* coolies, comprising yowng Ikoy* and wmncu 
of all itge*. ami im**ed along to Ik- dc|*»«itcd In tin* 
nmntcrwclght. In this wny as mm ti as 2 cubic yard* 
|M-r Imiir ciiuld In- |Mihtt|. While tin- < i-m rdlng w«* 
going on ih" ereeUmi nml rlvetlug wtTc mIho prui;ri**e>- 
Inie. Two |«inH Iriisllm of lop rlionJN for oai-li truMM, 
llir adjan>nt Wffft mmitN*rft and tlu* uiiu'liln^iy 0«ilf 
and bmi'liu; for mrii Imf wpffv hi phm*. wIh-i» km . r<« 
lliai ih-rrh V nns t i--> lilliU-d lo rt -l mm llir |ii|i rlmrd* 



of tb*» wiimd pniwl. Bj n««M of tboaa erection drr- 
rit'ki tbe web tunultcni, ebordH, floor, and brnrlnc 
number* wrrc bul»trd up and bolted lu ptace In logical 
Meipu-ihv. 

Tlw llrxt trnlii arfnal tbe brMite wan run thronsb on 
Iteeemlver Htb. In niiiurrthtin with this the iltudu tw- 
tb'f in "Imiiivpii-ittuit idiiUiWin*** «an brought up. Ac- 
eonllni; to llhiilu m-HuIoum chroiioloffy one of thwe occa- 
aaVaal niiiiun-mT«l ut -I V. M. on tbe 1 Ith, durlnx whb'h 
any new umlertiikhiff would remilt In inlnfortnne and 
dboiHiiT. Itev-niiMe of Ibnt, t\w work of tr»ek Iiiyhuc 



was rontlnned thmuchaut tbe prr-iiou* nlsht, m the 
ft rut tml ii wn* run aero*w live brUlfie nt ahmit 10 
mlnutea to 4, with no ratine for mUxlvliiits on tbe purt 
of tbe Interceded Hindu ->|".- t«tiir^. 

As regular pn*j*erwr traAIr uertaM the Urlil^e Iisn 
■ow eomneneeil ami a tliroiu'li wrHoi from llw main 
line of the South Indian Iltiilnay to I huiuwldsndl In 
liuiiixiiratetl. Uie ferry m-rrlit- between MitrntjiiMiin and 
rnmban, whleh prerloifrly mtmhI the hMMMM pllierhu 
trnlfle at llmea aMioiiiilliui to more limn MUHM pan 
M'Utfern i»*r day lian la*en dlrw'ontinae«l. 




Operator'* boutie on the roller lift bridire. 



The Thyroid and Thymus in U«Ution to 
I development 

Is *i»«kinir of crxmlh or de\e4opinent. til on who do 
l>»4 |pve<|i*«' attention to tin- pn>Mim-* involved in thi* 
pbenonM'iKtn usually eaipluudze primarily |hji ir>ere*f)e in 
tize or weiirbt whieh familiarly ehnmeterixe it. The 
growtb of the oriranbtm m a whole, jkartiritlariy at an 
early periiKl, is aeeotnpanied hy another feattin', that of 
ctifferentiatinn. Til* ehanmn in form and *eij;lit do nol 
eonjut nH'ndy of ailditioni to the tisane etnnenti alrwwly 
laid down, but frequently also include thow alleratxina 
wKerehy new type* of utrueture are added to or eixilved 
OUt of the primitive one* originally present. 

The Rtrikinjr ex|>rriinents of Ur. (vudernatseh', of the 
Department of Anatomy at Cornell I'niveruty Medieal 
CbUege in New York, lend a peeuliar einpha>i* to tlu< 
faet that in development «• may deal ajih two > utirvk 
M-parale faetora. one of growth and one of differeBtintinn. 
Thin wa* lm>ught out hy filing |fl de\eH»ping tadpoles 
certain mammalian glamla nith oo-ealletl internal aeere- 
tioii, The rettults. whieh hu>e now Urti ubumtantly 
verifled. Irwie no doubt that tbe thyroid gland contain* 
Bomettiing which, when tbe gland ii given aa food, ealh* 
forth a rapid differentiation in a developing vertebrate 
organism. This may lw brought about at any stage of 
development before mat tint y » reached. Tbe ilifrereiituv 
tion may there/ana h* highly i>reooc»on8 if Hh> irentment 
in liegun on extremely young animals. Kur example, tad- 
pole* noun! actually be brought to the point of met amor- 
phrfwia within clgbtven days after hatehing, while nor- 
mally they would require ten or twelvo week* to rv-aeh 
such a stage. The rraulta of t hi*, pre mat un- nu-tamnr- 
pHosis are perfect frogs of minute n'w pygmy frugx. 
The thyroid influence ia very deeid4«d and m> lad|M»|e 
given a thyroid dut earapefi from it. Kaeh individual, 
even if thoUHands l>e employed, h» whm tin- in w>eral 
experintentM, will react almost imm<«lmleh to the thyn»id 
stimulus, ho that certain eluuigcs in it* structure may be 
observed twenty-four hours after a single feeding of 
thyroid. 

If thyroid ia given to theae differentiating animals too 
rapidly, they usually die very anon after the appearance 
of their for** limb* and the reduction of their tails; hut 
if they are fed carefully they may be kept alive fur several 
weeks. They will not undergo an> fllftnT >hsjfsj| ajiniifll 
perhatw a conunued n-duetion uf their tail*, nor will tlx ,v 
ever fe*'d again after this differentiation. During this 
period uf excited differentiation, curiously enough, tin 
animals fail to grow. Though tbe thyroid induce*, dif- 
ferentiation to a degree not common to other food*s there 
is no evidence that it p'*u**w« any power U» jireverit 
growth to the nturithologic changee. The suppression of 
growth may merely be iikeidenlal, for rapid diffen.'utiatiun 
does not allow growth. 

Tbo thymus, on tlw other hand, has the power to 



' audtvwtlacli. J. V Fti-tliiut KM- rhu.nl* um Tb<I|hihm I. 
ArCBu t. Kit 1 m ciJiiaxiKchu, U ortu., l»U, tot, 457; II, A 
IhiruW CknlrUniiJua tu Um Kuowlnda* at largaaa wiUi liiurual 
■ill Hani. Am. Jour An»i . mil. »v. «Jt, 



rtHJWlbrtB growth, but loek* that uf exciting differentia- 
tion. Tadpolca feeding ofi any fond icxeept thyroid) 
n«i-h a maximum size, and lhen*u|)on diffenntiation 
ttcgiiiM inde|ieuden1|,v. Thymus-fed tailpoles ctperienee 
n rapid growth, but fail to 1m* lwougtit to metamorpboaat 
within the u«ual period. They are fjow to develop their 
hind limbs, even though they grow In size beyond the 
normal. The thymus, therefore, poawwaea a quality that 
suppreaara differentiation In a way not exemplified by 
any other food need. 

Whether or not other glands share in any degree- the 
accelerating or the depressing power so conspicuously 
shown by those already described at length, cannot at 
prewent be positively answered- The pronounced effects 
produced in developing organisms by tbe thyroid and 
thymus, respectively, at onoe suggeat inquiries of the 
most diverse character regarxling the poanble role of 
tbesHt organs in the development of the human individual. 
For the moment we must remain content to record thcac 



exceptional experience* which show how >jm rim-ally our 
food furtur«- may be related todi'Volopmeutal prvH-eww. 

Jnurtuat of /As ,1 .Vfdicu/ AAtwffOoiN, 

PreMrvinx Ewrt, 

Wjikr profierly t rented, pre9M»rml pki.> nee |ierutllted 
by tbe onVlals respoiiHlbie for food cutnlllioiiH lu many 
States, One of tlw preserrUig methoda (but bos given 
fairly good results Is to carefully pack the cxiss In a 
clean and well scalded keg, and cover them with n 
•olaflon mnde up of one pnrt cmnuserclal water glaw ia 
aolutlon of sudlum alllcalel In ten parts of water, well 
stirred. Egux isickeil In this way and kept In a cool 
plocn will keep in good condition for sl\ months or 
more. Sterile ( Infertile \ eggs will keep much lougei- 
tbaii fertile eggs. When prewrved egus arc boiled tber 
arc liable to crack, but this can be prevent 4>d by prick- 
ing the blunt end of tbe egg wltb a pin liefore cooking, 



SUiltB and Their Cures stain, look for the name of the liquid In the left hit ml 

Tur accompanying hnlf-ttxic illustration mqulnm column, nod for tbe Main at the bead of tbe table. A 
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•aU particular clcunslng flubl on any particular kind of one.— IUu*lnsttd London Yens. 



TrewlMl with 

(iMMtlUll' 



Tecsieil wfUi 
lieiubw. 



Trsaaid with 

MM, |i||l.t. 



fVaaassl «iUi 
r BfaMhaa 



I r. •.!.«: »ilh 

Trtraelilitflde. 



TeraU-d wllli 
Ar»Yl 
Aoetaie 

. r. . i- -I a Uh 

tUkrlaai 

It f t.l.-H.U 



S ! 1 




i 


\ 


1 


| 

if ll f 


Its • ▲ 


• A 




• A 


S A 


• 


• 


• 


s 




S ▲ 


• ▲ 


• A 


• a 


• 


• 


• 


• 




• ▲ 




• A 


• a 


• 


• 


• 




k 


S A 


• A 


• A 


• A 


• 


• 




• 




s ▲ 




• A 


S A 


• 


• 








• a 


• 


• A 


• <a 




• 


• 










• A 


• A 


• 


• 


• 






• 


• a 




a ▲ 


• A 




• 


• 




• 


• A 


S A 


s ▲ 






• 


a 





S> i ■ ' -' 



Uiomj mtrlta anil Methods uf rmuvinj iken. 



Google 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2017 Au B ™t ™, .«.« 



The Principles and Theory of Mutation* 

The Evolution of Species. Not a Slow Process, But Takes Place by Leaps 
By Professor Hugo de Vrics, of the l"niverity of Amsterdam 



I'Mtv of Internal (.tincture i-oaihlueil with a mat 
diversity of external forma I* Ihe great principle of 
organic differentiation. Lamarck *a« the tlrxt to point 
thW out flinl to c\|4alii It l.y hi* theory of cuiuinoci 
draceiit- Hut tut' acleli.-c of time did not afford n 
Mifflcleut body of fn.-t* tu proof of lii* i-uii.eptloh, an<l 
he fulled tu convince hi*. coatcai|inrnric»-' 

It In* been tbc work i>f l>arwlu to a.i-umnluta a 
large iihiuImt of fact* and urgutueiits. borrowed from 
tin- DKxt divert* uarta of the pityaicnl and bwUiitical 
... ii-n.x-x. and lo ojiiitth.H' tlh' liuilll rcault* of tbc study 
..r uuturc In general In order to Hud a conclusive proof 
of Mm* Mtii of l.utivnrvk. Common de-cent I* now nc- 
kuon lettgi-d ax the natural chum of ties unity of or- 
gaiiHsulhaa. Siiowdve slow m.«llilcation» have pro- 
ducxl Ibe mat diversity of fornix and tbc diverging 
line* of evolution which have gradually led to the 
hlghi-xt degrtx*. of differentiation. 

Hut bL* broad i low* mi>l comprehensive conxliforn- 
lt.n» did mat MilHcr to afford tu* dexlncu proof. l'«n- 
Ininulvt' ar.nloiuy anil xyxicraaUciu stuilu-*. tlie kiiowl- 
edge of tbe Iuwk of the gci«;ra]ililcnl ill.1rllmtl.iii of 



of the uioHt endowed Individuals. In uuturc. every nmt uiclbixJ 



.Hirli.it tlw geological cinch*, could only outline the 
brood feature of tli»' 1ti.xiry. Kvldcutly tut baxi* luust 
In' sought In tin- study of tlit' pria**«* by which one 
.|..-I.-m I. prvxliuxxl from another. Which In the nature 
mid whli-li are tlw cause* iif tltl* unx-cxa? Which lire 
tlw elementary cluing!-* which, by numerous rci"'t>li.>ns 
am] .-omWiiutlon*. have produced the iDtllll .•vointlmmry 
lilicx of tbc animal mid vegetable kingdom' 

In order lo uli*wcr these question*, [hirwln studied 
the Mnwricoiv of the breeder*. Tbc Improvement of 
i1ontc*tlc animals wax vrrll known at bin time; tile cnl- 
tlvulin] raeen of flower* niul vegetable*, of cereals aoil 
sugar larctx. clmrl)' »uJ »l<l*ly s\irpniMu>d tbo mate 
«|>crtca In natnnv 

Tli.? iBctti.«l of br««lrr« l« ba»«l on the prlwlplca 
liilil down about tbc inliMIc of tbc luM orutnrj (1M0> 
by I'. I". A- IyCrc>|UL- <lr Viilnortn. the fatlicr i«f the ci-Id- 

I. ratxl foiuwlcr of tlic culture of Numr-vcc**. 11* hud 
otwrvnl tbc lllxh dren». of variability of cultivated 
puint* aud di-H-int'twl tliat tiy iitrami of a choice of tbc 
InM Miioplra and by tliclr iwliitlou highly 
<(ir1ctlc" may lie pruOuiwd. Illii -mid hi 
priutiplc lo the wiiKiir-ln-cbt, ooc of the miwt variublc trf 
nil fiiltlniliil form*, mid hiic*yv«I^I in llirniixlnj; lb*' 
nmoiiiit of fciicnr from 7 to 1 1 i*-r cent. This linprove- 
mcnt aoori bccniuc the haul* of a large tiuirar Induxtry* 
tn lunny countries of BUMpc, »'rom that tun* Uola- 

II. .H nnd iMbxtlon have become the wntchworiU of n 
big. ww Induxtry, which -xkmi produced the nxwt uiick- 
t^l.tl rrvultx In iilinont all parta of agricultural 
prat tli t\ 

tiafnln tran>titiiiit«xl thlx principle of pnlctlce Into 
pure xriciKv. He Mildl.tl the vnrlahlllty of i*|Hvb-s lu 
tlw wild conilltioo aud f.«und It an widely npn-ail and 
rich In ItJ feature, a^. iu cultivated form-. He m«w 
that very many xpeclc* arc dlntrllnitcd In nature lu 
xurh a way ax to cotixtttutc numbers of Uolatctl cJo- 
iiUm, MuoViently dbitaiit from one another to exclude 
the poviblllty of intcrcroK«lin*. He dt*ocvcrod the 
gn«t factor which rcidai-c^ artlttclnl wb-<-tl.ai lu na- 
ture aud cnllct] it by the nniue of natural xctcctlun. It 
ix Ibe nncciiKliig ^trugetc f<»r eilstcuce nnd the vk-lory 
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plaiitx, owing to lack of xnace. Only cliuae which are 
nimt fit f iht the jnirrouiuHiig coiMtltlorja will aurvlre, 
while tlie reoialiMler are -condi-miii-fi to dlHa|ifienr. lo 
tlilx uauiuirr the atrugxle for life leuila to a aelectloo, 
which wilt I* repeated In every grncrntUiti, and a wbolo 
colony may gradually change by thU Bientm until at tbe 



a new vurlety or evea an 
cb'liiciiUry arnv-lui. 

Niitnnil uebvtlon In the alnuorle for life haa now l>e- 
caue the uialu priucliae of organic evolution. Kibce 
aiiecien obey In the wild condition tbe xanie lawa aa 
under cultivation, the prlnctplr» of tbelr Improvement 
inuM be the «a»e every where- 



.la prjUL-ipJe lo geological evolutUio 
■ Inn. I^yelL bad ahown that tlie lawn of nature have 
alwnyx la?e-n the aame from the very l*u:timliui, TheTe- 
fore natural eelectloti inust have ta^n active frorn the 
lirrt time of tlic enlateuxi" of life on earth and have 
produced the main linen of ililTereiitlatlon, aa well A» 
the fimt truccx 1^ all tho«* gr..ij|* which arc now rec- 
ognl»-d aa fanillk-x utid g.-n«-ra. It in my enuvlrtlon 
that tile »ilorrt;x of ]>arwia In thlx line of blcan hiu. 
Ix-cti n* coinptete ax pn**ll.le. He Mi.-.vxx|tx| In .-cnvlnc- 
llig hlx c..|iti-ID|x.riirle*i of the OHM-lilllll analogy betvnx-n 
artificial and natural aebx-llixn. 

ltut. on tlw other hand, it niib*t la- i-irfni'd.it that the 
jMfiictbx. ,.f l.ree<lcr« wax not a* x-implc a» It >«*imxl to 
be. Xo llwirough xludy of Ibe phenomena of vartul.llity 
had been made, and it wax simply nsnumcd that the 
dlvcclty of forma within the cuitiiatixl ra<-e* wax due 
lo one cauxe only. Thix wax liullcated by the well- 
known cxpresaimi that 110 two ludlviduali* «rf a rane are 
eiactly alike. All apeeimrna differ from one another 



oliaruetcra. Tliew qualltitm and cliarai-ti-rx are in- 
herilal.U* and tbe offxprtng of a ai-Iei-tix] tndlvUlnal will 
vary, a.i-.~>H1ng to Vllmorln, ncatral an m.-ragi' hlnir 
between the Ijimt of til* original xpecic* ami Hint of the 
cbiMcn lndiridaiiL By thla mean* the range of varia- 
bility will he extended in the tlealrer] dlri-etl.m. and tiiu 
may be repented during a number of year., until tlw 
ll.ddxtri.il value of tbe new race clearly .xurm-ucs that 
of tbe rail one. 

Evidently, it wti.x xald. liatuml ..-li.-tl.tn must work 
in tbc xaaie way. Bui the .iui->tli"ti retiiaina wlH-tbcr 
thu will really Ivud t«i 111m- sia-cicx. or only to local and 
tem|x>rary adn|4atlona. 

Tlie anxwer to thl« quwtl.o hax la-en glv.11 b) the 
newest diacorcrlc!. of iiBiiculturnl praclice lt«elf. HJnl- 
uiar .Vllaxon, the director of the <-rlcliratc<l expcrl- 
lnotiCitl xtatloii of Svnl.'f In Swcilen. delivered that 
variability among i-ultlvaled plnulH l>. not a xli.gie 
plieuomrmm. but rmitainx at least two widely con- 
IrnM.xl fcatiircx. 

He found tb.it, ttiairt from fluctuating variability, 
every cultivated aian.-l.-i b> a mixture of eletuelitary 
type*. A dehl of a cereal la only apparently uniform, 
and a closer inv.wtlgntloti *.x«i revi-rvU nnmeTnua dttTer 
erx^s iu the height of tbc xtcnix, in tbe time of flow.-r- 
tlur. In ttie xlxi- alwl alnuvt all tallu-r i|ualilbT« of tbe 
cur-. In is->lxtai«.i- to dlx.ii.^^. and cxpix-tally in Oie 
ttKluatrlnl value of the graltix. Mom.vcr, be foiiuil that 
nil tllc^c ii.luHiI.-. are xtnctly inheritable. Mbwon to.* 
tlic ^rnlux of a single ear and found that all the indi- 
vidual*- l»»ulng from them are strictly alike and core 
fully n-tM-al tbe character* of their moilicr. Knaii xu.-h 
a i-h.^. ii .ar .i-iie may ilcrive l.y nia-ntixl xuwliigx grain 
emaigb 1.. »..w 11 whole Held, and till* will xhow an ab 



ordinary *pc i.-x and vnrletl<-. of ctlllivat"! 
nr.- In r.-iilltv mlxlun-x of a milliliter or birircr iiiiiiiIk-t 
of .llfTi-rciit no-, nlil. b grow t.«;cltii-r, but arc. ax a 
matter •<( fii.1. In.l.-fx-iah-i.l of i.li.- aimrli.r Tlo-^t- 
l-rt-.-s tticuisclv.--. arc uliiii^t liivai-l»I.U-. but tbelr iol\ 
litre In tlie lleld i»r..lu<.T. ii]i..n u. Ibe lnijirc*xloii ..f a 
i;r>-at variability. 

\V\uit ix Hie xigiillli-.iu.-e »f ttiit dl»ci.vcry for tlie e«- 
plunnll.in ..f artilicial lu-lci-tjoli ? I'ivblently thix will 
l.'il.) to Ixolate the lictter rnccj; of the mixture anil to 
c\.-lii.lc til..-*- "f a.'crnn." or low villi..- Tw.. ni..|li..|. 
may Ix- f..H..v»«il : I'llbt-r tlie |.r\..l.-r o..ll.x-l> a hit ml - 
fill of eiirx .'t..ccii ntlb tlic uliu.r.t .-sr.- frnni all iwrt.-. 
,>f hi* field and secure* a l..r .-f gram, large cnoijL-h to 
now a parcel of .1 uexlel^l- i-Mcnl ..r he limit- lil. 
. hcl.c to i*e ear only. «M. I. will take hlln one year 
more to obtain the n«xr.>nr> ipLintlty of sralaa. The 



ix the one which la atill <x.mmonly ful 
wax Introduced xonte twenty year* 
■C by Xllaantl. 

Tlie real uature of Ihe Urxt method uiny Iht exiaaiuerl 
by meaux of the careful atiuliea of ltimpau. who nf^ 
pllixl It for the Improvement of hlx rye. The group of 
ear* <4 the nr»t choice will evidently la- Itself a mix- 
ture, altlluugb of a leaxer nnmtier of tyra-x. In cb.Ht. 
lug year after year a hanrlful of the lawt cam Klrapnn 
miiil gradually have purified thin mixture, until after 
twenty year, be xu^xeeded euoniijetely Ul ixolating tlie 
very ta*xt one of thitn. Knan Uiia time hlx race nnut 
lutvc been purr and cnn*.tn!it. no further aeUx-tloo being 
jMHalble. t'.lng the method of Nilanurj, the Xante re- 
Mtll may lar reached by a alligle choice, ami therefore 
In one year. The new race Is pmduceil by a Jump uiwl 
m« liy tlie alow and gradual Improvement, by amall mid 
atm.Mt luvlxlhle Ntciw, which wax anxumeil by KLrapau 
anil tiurwln. 

Kriaa thc*c illacoierU-. tile .lue.lSoli arUex. whether 
natural (election alxe proctHalu by jnmpa and leap*, and 
not, 119 wnw c.mimonly a«aumed, by impereentlt.le Kteiie; 

cr may lie deduced fern the . 
.Ionian 111..I otheiN on the exlxtem-e of 
x|wx-leK In l.atarr-. Alln.^t .-r-ery wild x|xrrtes cinxlxtx 
of Htajiie of tlM-in, and in xrxx-ial cii**-t4 ttielr nilNitx-r I11- 
.-nilxi-x xo ax to embrace d.aenx or e.tti hurnlnxb. of 
xhnrply dUtlngub-lMxl ty]x«. SomKlmen theae are f.am.l 
in widely dlxtant xtatioli.x; at other tlmea. however, 
they arc growing In nilxtun*. Natural xelertion will, 
r.f <x.ur«e. under clutngeil n.ndliloiiK ximply multiply 
..lie or two of the tyi»n t<i llu- ex< linilisa of the otliera. 
A» a whole, the xtH-cic* will make progreaa III the ile- 
xlnxt direction, but In teallly tliere will be no change 
of form*. 

Krixai all thx-ae and many other ron.l.lemtbtfix It f.J- 
lowx that the haxlx. which the pra.tlce of artlflrial 
xi^ixlliai xeemed to affnr.1 to the tl>eory iaf iintural 
xH.x-tloll, Ix a fallacious one. and tliat tbe htea of cvo- 
lilfloil by ntciiux of .low and iilmoat tmperoe|itible xte|M 
riiil.t tberefon* be abandoned, ltut If thla la conceded, 
how are xfax-le* really pr.xliur*l 111 uature? 

The theory of mutation, anxwern that specie* are 
prixluuxj by mi-utr. of Jump* and tea]M, exactly In tlie 
name way ax varieties in horticulture. Varletlea are 
only beginning x(ax-lox, my. Uarwin, and Ibe xame law. 
inikxt govern tlie origin of both of them. Now, In horti- 
culture. It ix well known that varieties uxually atiae at 
iicai'. lu a field of a apocle* w ith blue or red flower* 
»w day an iMllvidunl with white Bower» la aeen. 
ordinarily It Ix only one. ami It Ix not aurronnded by 
IranxJlloui. or by flower* of Intennedlate cdorx. !<4imi- 
time* there may be two or three, ltut then their flim-crx 
are of the Haille degree of whlteliexw. One seed or the 
Kpc.-icH Ivan been tranxformixl Into a rarM). and thix 
l* Ita wlkra^e origin. A xlngle aenxon .unv*^ to prixluiM. 
the effect, no alow and gradual Improvement being n-- 

.inlred. Moreover, the «**lx .rf Uie Brut Ivldiial. If 

ferllllae.1 and aaved xv-imriitely. will re|.roilucx" the va- 
rb-ty w-bnlly pure. The aanw! rule prevail* for large 
grout* nf other caxea: everyw-br-re varletlea arise by 
Jiim|x>, requiring caily oi». year for their arrival, 

The xame rule alxn bohla goi.1 In nature. Hut In 
order to xhow thix, direct t xpcrinicntK are re.|iltre.l, 
Kor thix .4,j«-t I have cultivated a large number r.f 
wild »jxx-i..x iu my exiarlment garden, trying to aee 
them produce varletle*, and to be enabled thereby 10 
xtudy the law. of thix proccxi. I^et roe adduce two in- 
■w*". the origin of the pclnrlnfrd toadflax, and that 
..f tl.e double variety of ihe com marigold. Theae 
larii-tl.-* apja-iircd in my mlturcn all of a ainhlen. after 
11 iiuinlier of year., the one in about half a iliaren of 
tuxllvi.liuilx III xu«x~.|re getierutlntia, the ollaT In a 
xlngle It. -In. M-c Tlw nrdlnury tiAdllax linx only one 
•qair oti it* ftoivcrx nii.1 rcnulilMxl xo In liiit.dnxl* of 
IihIUUI.uiIx 111. Ill a single xixx limn 1m. rv flic *pom on 
••vcr) on.- ..f lt< fliwcrx. Tin- corn marigold had nor- 
mal flower Iw-ii.lx until 1*1*1, when imc Individual pro 
.lli.x.l «.nic .light xlgnx of .liipli.-iitiiai, Xevt year all 
ir. .l,.»c i»laiit* bore double flower* and the race ahoweij 
ll«*.|f cixjixlanf from the very beginning. 

Tim. the pmliietlnn of vtirlctic* by [ea|« and jnmpa 
may l» <xun.bl..|..| a. ;> well proi ,xl f,ict In horllculture. 
:..„! 11 Kinte <rf i.atiir.-. It ix a llrm IhuL* for a new 
Ho-. ry. ami ix readily iiii.l.r.l..xL ax we li.vio only lo 
rrurifi-.n tlie principle from the vnrl-tio. ro rw 
..thrill ..f eleuicnrniy x)m*i<-« Heeognlx.*) f„, «pecl<~. 
11,.- ||,.x.ry Mill ij.vloo.ly I- true for c-i,. ra ai.| faml- 
Ilea 11U., at.d evplali, the evolution of 
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: line, of the i 
The Idea of the «rl(ill of *perl«-. hy 
bus the erc«t ndvantai-c of aunwerinft In *■■ unexnedt*! 
mid .Un-Ulve way tbo numerou-* und. lu putt, very urave 
objection* w-blcb have l**.|i brought forward U|*aili~t 
tin- theory of Darwin. To my mind. Mil* 1* one i>f tbe 
bed nrirunients In It* favor. II ivIiiiwh till- theory of 



It uoctu* useful tu ulvo u brief survey .rf thcui Hour. 

Til/- iJriptft and most serious olot*'t ii>ii In l*fl*cd oh the 
..1..I...U*: unol.-sj.iic** "f new chiirior.-r* ililriii* Ibe lint 
ntilBe.. of their evolution. If thl* b. >ili(-|N«.-.l tu be In- 
visibly »low. lui|A'rt\-|i(l'ilf .anm* uml<l>' In*col* 
In Ibi lr vl*it» to Itowcnv Mini a**nrc to lie**' a MlilhMtclit 
advantage In Ibi! *1 niggle f..r life. A.l»l>tall»li>. for the 
rapturing of tn*i*rt* by plant* would be of 110 value in 
a primary and Imperfect condition, and therefore can- 
not be evolved by Ibe a<-IHli or natural HOlocllon. liu 
perfect ln.tlnct* would be rather obnoJloun. according 
to Wasmiinn. and thn* would be llnblc to bp deetroyed 
ili*K'lid of Iwreaned by thla action. So It 1* In mitny 
otlwr 111*1**. HegiDnlH* character* wonlil alway* ho too 
ln«lgultUaiit to lie of any value lu (lie ntmittfk' for life. 
KvliJontly too prlnrtplc of leap* nud Jnnip* Jit wiof re- 
lieve* u» of the neeewiliy of this hyi»>ihcsl*. It (low 
uol admit a gradual aplKHrnuce of character*, lint aa- 
siuut.* those lo appear nt once In the roll display of 
their development, iimI without Ibe aid of natural 



The same hold* g.**1 ror nselc** character*. The 
tln-ory of I Mm In cannot explain them. Aceordliis lo 
him, rviTj quality 1* dcvrioiit.il exactly through lt» utll- 

th*. wry iKVliiiiiiis hy the drugitlo f<.r life. lint It la 
now si'tM'rally rrcuKiitxod that luaiiy In'iillllfiU illtfert-n- 
lintionK are in riailily no ndiiltlat ions lit all. anil that 
Ihrlr uscrulnc** i* at leicvt very doubtful. Thl*. for 
distance. In tilt- cane of hrlrriwtyly uul of tho llkclunsa 
of tli<- flower, of iK.ino otT-hld-i to ln-url* Tin- lhpt>r)' 



with »llrtitly ptvJiHllrtiil oluiriicti-ra. Arlnlue by a and 
d*n Jnni|>, thry may kwp tlwlr place, piYnldnii ooly 
that they arc not lu nucli a d^irrcc hurtful a* to pre- 
vent a normal devdoncnent of the lutllviilualN. 

A third ol»)cfilno hnn boon derived from the aludic* 
or the celebrated anthr.ipol.«l,t Qn^el.-t, who dlxov 

inalnrcd Uic |irltid|dc. of atodylii* every qualltj ror 
lt*»-ir and or eonipiirliiA the different decree* or Its* de- 
velopment In a liirso number of inllvUlnalH. He roqud 
liy thU tueauv that diitrader" Klinply rollou- the lawn 
or probability. They vary iiroaud an iivcmire etwidltbili 
In two direction*, of loereasc mid ileerease, liat pre 
cl«>ly tbercl.y thl« vnrlablllty eveliMl.^. rlu- production 
of n rn'« characiiT, |iarr.|n trinl lo ilefhe IIm- hk 
rrom the other, while llle th.-ory of mululb'tiK nH-iit- 
ulzeic Ibe iillooat dliiunt riciilly I'liimiHl nil I ore of the 
two pbcDomcnn. 

A hint ob>octlon lian Iwn l-roHKht forward by the 
windy or tlie am- or tlw* earth- 1'liynielvt.* aa well iia 
italnKHHuem have refund to miv,4 lb,- theory at nlow 
eroliil Ion, ua the tlroc ro.|iilriil liy Ihirwln 111 connedlon 
with IiIh Ideai ^onvvl b> r»r loo loot A minf* lire 
uioilil hot Kiilltce to m.*e the chance*, which, after him. 
wiiuM lie utHjewltry to proilmv a filizlc ate^i In tbo line 

of evolution. The dltTcrenrlnrlon of u IVtner or of a 
seed would ro|ilire millloiiK or yeuri" ir It went on so 
Mlowly, and Ibe develo|»nioiit of the n lxile oreniilani of 
a i.hnit. and Ktlll more no thnt <.f the hlsher animaU. 
wrnild ohvtout.ly rot|ulro u vai-fly lnrser aiiioiiiit or tliue. 
Iiarwln han end iilalcil tin- i>co*.<iry ttnie for the evo- 
lution »ir the whole iiuliniil tilxl pluut kluicilom on the 
asMiinptlon or i*lniv and ulnio*t liniit-n-eptlble cbunse«, 
and e>.ttliuiteil It lo lie ut Imnt ojuul tu s»aue IbiaiKalula 
or niiiili'ii* ..f yeaisi. 

Hill our )tl"»H- elilill.il | M - ic> old an that. There In 
unite a Inrve number or tircmncntx which allow ua to 
e^ttinnte Ibe a^c 'if the earth with a wttnVlent decree 
of uoonrao-y. tiinl tlir-y alt pottit. uiisiiiIdioubIi. to a 
|a ( ri<«l of only eiMiie I w ent) or forty mllHiioa or yean*. 
Thb number I* evidently fur too *miil] ror the explana- 
tion riven hy Darwin, ami In "'iMi|»ii»' llieteof It lui^ 

alwuyn tm.il r,. ifri.ler.nl an .n f l|„. nn«t d-vinlvc 

liruiirile-illm llcilillM Hie tlon.rj ,.f ^l..w und uriiloiil 
evolllUon. 

In or.ier to osllinut. tin of Ibe .nrlb .lifTereot 

plwiMinu-iiii limy It*- tin.nl. 1'livt iIh- ^-inirotl-in <.f Hie 
niiam. Hfinnlly Ihr nidbiHi.ntioll of the enrtu » cmnl. 
then the nimlfliMtlnn nf llle ii,, U eoii, vil|«ir and the 

furmiitlon .if .»-inii> 'I I uiir.tlly of ^.lt .II^.H.nl In 

I hoc imiiim ami ll.e lliiilm.- ..r Die wooIobI'TiI I.i.mtv 
miwlally lb.ee ..f ,. ...I.;. i. ...I- niitiir.'. .-.nunl flirlh'-r 
lirKllmelit- 

Ain-erilluc to «;....rii.- fiiiilo. Mi- UI...U aw |ii.iv1<nI 
ft -.n. our clot- nt.i iii Ml, -In rnllli.,11- of ieiir< tnro. 

Tt V.' of Ibe ~.IM •tit.I bnn t—n ri. 'ell l;.l..| l.v I...I.I 

Iv.-hiii fr. in Ibe ii.iT.-a*.. ..f tlie ti-ii,|« ralo^. In d«-)> 



mlneic. In autnL* rccloiv* tbe toni|M*nittirc 1* at^n to In- 
crcaw nhout ojiedoirce for every llfty rnetera; In ollicra, 
however, one decree for a hiuidr.*! meter*. On the 
avcriiBe tlie con*ldeTiilli«» of l^ird Kelvin cuve an au» 
..r twenty lo forty millions or )v»r* fur Ibe aulld ctnnt 
of the enrtb. 

The iiuantlly of aalt nbvlonaly lio reane* in tlie oceuna 
mi awiunt of the will mtded by Hie river* and or tn« 
evalmratlou of Ibe water The total .plamlty of this 
milt linn been calculated ami tbe .|uantitl>^ of the yearly 
*niiply of water tire known for all the limter utreuma, 
a* well a* their |*-n.TMiia|M> or Halt. Fn.ln tb"«o data 
we luuy euleubite the annual Increase of wilt In Ibe 
.n eiiii> iiikI Und how tunny y.^r* would t«> r..|ulr.*l ror 
our loeociit river* to aiiumuLuto ull llie nail now fuiiud 
In the •»«*. Aeeonllns to .Inly, alanlt ninety million* 
of yeara would lie iiecvnwiry. Ilut ohvlou»ly the rlvera 
niu*t exhanat the icmuixl* whleli they drain, und for- 
merly thcuo mu*t tbereforc luive ln*-li nwh rU-lier lu 
will*. Thl* connltleratlon aM lead oh to dloilnUh the 
numluT or jean, required In a very M-nsiMe maimer 

'i'bc aire or the ifeotoideiil nlrntn bn* liw-n dinjocetl 
from their thU'klie*(i nud live velocity of the l»mre*.* or 
*e.llnjentaf1oli. Solbi* eatlinnte* the total thlcknea* at 
iibout eiirlity l.ll..ineter« and the iiverace rule or 4er*>- 
vltlon of the lnyeh. at -1l> contlittelcra per century. From 
the*e number* we may Und nn nue or twenty *lx mil 
lieon of yeara for the rolled) ve de|«j«ltlon or all tlie 
Bv-iloirfml layer*, t'alcnreou* rock-* have l.ecu built by 
urjiiuinm* and niaii.lv by coral* nmt motluac*. Tbcae 
have made u*e »r tlie lime ftdde.1 to the ana by the 
river*. Iiuln-.|* ha* calcnliilinl on Ibo one hand the 
whole Ihidtiien^ of then, rocks, and on tlie oilier the 
of lime foul tlie river*. He conclude* 
tl.nt thlrty tir. to rorty fl.e mlllt.ui* "f >™r* would he 

rv.|llir«*1 lo prtnlnoe Ibe whole of fill* nynteln. 

All IlleiH- dalll have lieen vul.J.vteil to a criti.lnlu by 
Solbi* and comi*»r»*l with ..no another. Ol»v1on*ly the 
hlchcvt e*tlnmtea nre only limit*, mid In e.in*l.lerlns 
tbl* s..|la« arrive* at the in-m-nil Hvernite or about 
twwity lo rorty mllllona of y.-ar«. lie point, out that 
tlie ei«».b» which hnve wrvml n« atnrllnt; nronta are ma! 
very far distant from one iirorfher. connWered In a eoo- 
loBlcal way. and that therefore they may Ih? (alien lo- 
•relbrr to delloente the duration of organic life on tbl* 
eurlh. 

A« we hare seen, llila dnratlnn 1* hy fur too »hort to 
allow the alow and rradnal .Irvelo.anriit of life nnp- 
nrwd by Parwln It neee«*ltatr-» a very rahxrimllal 
nlihrevtiitlon of IhL* rn<e*», and tliu* afford* one of the 
l*^t aiinfiorta of the theory or mutation*. 

Thu* wc ftee thnt thl* theory t* bnaetl on nlmi^tt all 
the branrhin of natiirnl *cleore, All of them Join lu 
i he a«KTt!on thnt the )iyp.>the«l» of *b.w and alroiwt 
lt,vl*IMe chnntrea U too lm|»rol.uble to I** aece|.t.*». ami 
i* even In or«.|i c. .ut rndletton to some of the l«-«l re 
«iill* of other wlenceK Tile theory of an evoliilkon liy 
leal** and Jurat'* evad.^. all tbe*e otijm-tloli*. and theroliy 
reloa*ea the th.*iry of l>nrwln from It* aetitinite |y.*IHon. 

Hut It I* dolnit more than thU- Ity rejectinc tbe 
hyi*ithe*l* of liivl*llile elininii*. It lend* it- to wiirch r..r 
the vWble alteration*, which it n«*uuie* lo I* tlie teal*. 
and Jnmr* by which animal and voidable *jiecie* are 
Iwinif pri*)uci*l. If Ibe transformation of one npedi^i 
info another I* it vlnible pr.ni'*^ It mil*f evMcutly be 
snnstht ror nnd be l.rounlit to llicht In order lo xludy It* 
law*, and to derive from ttil* «tn.ly an experimental 
ITnor r.«r tlie theory of ev. lotion 

However. It I* hardly tirobiihle that tli.-e Juin|« are 
nnmerona In narnre a* It tmw mirr.nnid* it*. On the 
contrary, they mimt rather I*, nire, *lnee notiody had 
*.eh them nnrll now In ibe fl"l.l Tti.-n fore I hnve 
.•snurht for il plant wlili-b w.ml.l i.n«tiuv neiee «.f *uch 
nintntb'ti* than Mher plant*. I have *ludled over a 
hundred anode*. Inve*tisttln: their pr.«eny. nnd •mora 
• ha* siinwerftl my lionm, Till* t* the evetilnc 
of I^ointrh. which chain*.* to Iw^ir the name 
of the founder of the theory of evolnflon wbb'h It 1* 
prepared to *nrovorr. It 1* a *pecle* wlileh rrcw wild 
In the territory of the l ulled state*, when* It haft l*ren 
collected hy the well known traveler and bollllll** 
MlchailT, nnd whence I.niunrrtt derlvml flic authentic 

*|a**lm»n ror hi* d.xcrl|.tlon. sine, that tl Il ba* 

t-pend In Knr..|». nod l< now found e*|»*-inllv In Kn;- 
IihmI. lteliliiin. and lloltntel In a iniml*-r nf l.--aMtie*. 
*oiue ..r whleh e.m*l*t .if nanny f lioiL.it n.U of Indlvld- 
Miil?* In in*.i>. Uuni ..in- of the«(. l^n-nttrliH w tia* t**'ii 
i.ti*orvi*l to )ir.*loi-e uuilalion- en|.* i;ii|. iii ii n.-t.i near 
llllvomum In Holland, when.*. I Iiavc i.lifalnml ilie lu- 
dlvldmil* nnd «ee<la whleh have scried u* the *)iirtlni 
l»-|i,t» of my eiiltnrft* 

In (Ii.*** r.iltnre* the *.**•!<•* i* *m*ii to I*, very t"ire 
nnd imlfotnl lu tile lurirc nui.tiolty of II* ofT*|.rtni:. but 
to iroilii.-s on .hi nvetnio. one or two nl*rrnnt f..i lie. In 
ev.r. bnnifn.l of II* *.**|l|rii" The illir.-l."iici.* are 
ea*il.< vee n even lo > • .uliir |iliim*. and lire m.r<tly 'nri:e 
lo 

of the** 



■red rrom the wild plant* aa well a* III the pure Hnea 
of my culture*. It U obvlnualy a coiutatit and |D- 
herltable condition which I* the cnu*o or theae uutneroua 
acid reta<atcd Jump*. 

'I'beae Jum|« at once constitute e*.n*tnnt nnd onll. 
uarlly imirorm nice*, which dlffor from the original 
type ellber by rrtrrcaalvv cUaractera or in a protrreaalve 
way. Ity memo, of lantatlon nud adlrtdal fecnndutlon 
the*., ru.-.* an. cunlly ke),! |.ure diirlnir, llielr wicceedlnB 
lienetntkiria. 

I nltall not ln*l»t here upon lln-lr *(nel»l chnradera, 
The niu*t freiiut-nt form la that of the dwarf*, 
t/.nofarra n<i«rfr-j. and the rareat la tl»- Riant, or o 
t/iva*. wbb'h ha* a double liuml'er of chromowmcH in 
ir* niu'lel i^s luatead of Hi, and by thl* mark and it* 
iKiiavlor In cro**lnt: prove* to la. a protzreaalve muta- 
lloti. *»ther new typee. whlcb are product*] yearly are 
a. r«W»oTi.. it. ((Woiija. and II. allMn. O Inln I* a 
feioai.. form, produclmi only xlerile i*>llcn In lt« antlier*. 
mid ii. wlnUllam bs in a a|illttiuit coudltlun. retunilm; 
every vesr III a trroatcr or les* number or Individual* 
lo the orlclna) type rrom which It siartr*L Itealdei* 
the*e there are u lance ImmtaT or niiltatlona of minor 
Importance, many of wbk'h hnve not even been de- 
*crlb**l up to the present time. 

Thi» we *.*. that the e\|.-r1in»iit* provide u* with a 
direct proof for the llirury of evolution. They rouatl- 
tute an esnentUil ntpport of the view* or narwln, and 
lu.ir»*iv.-i' they relieve tlioiu or llle mnny obj.vtlori* we 
have .|Uofi*,l, iiml lirllij; them Into hiinn.iuy with Ibe 
result* of the oilier natural hdericea. 

Mat, l**.l<le« thl*. they «how tl* the way Into » vn«l 
new domain of Invesilcatlun awl nlforil tlie 
for a *lu-ly of tbe Internal and encniiil enu 
determine tile prmluclll"! of new *|«*-l.-*, at len»t 111 
Ih.vc ca*e* tu which, n* in Ibe priinriiw*. uiiltation* arc 
relatively nltuntlant. From theae we may ootifntently 
ho|». to conic *-.|r-e dny to the atudy of rlioar rarer 
mntailon* on which the dluYrcull«tl..n of the main llm * 
of oTOinlc evolution -t*-m.* to hnve . 



An Idiot's New Urain 

At the ln*t inecllnB or tbe l>«rl* Academy, l>r. Serse 
Vomnoir rend a remarkahb- pit per mi the opewtloii pel - 
foruunl by him nt the t'llulitue Snlnte Martnieritr. ivtair 
Vice, in the ooun«. of vrblcli he cave to the world the 
tlr*t new* nf a frc*b aclenllflc Inlracle; tu fnet, a sort 
of snipermlrnele, a* It cotl*f*t* of tidlllillt le*a than 
tlioctjLatlnt; a cretlnou* youlh. alia* an ldlot, with -*oiBe- 
tlilnir taken rrom n monkey, and— mimiMr dlcfa.'-lm 
(.roviliic the Intellleeuce of the loy 

Tlie miracle la Ktutieniloua In every way a* to the 
rt-MUtt anniMiinced, but how a mere layman ut to e\pluln 
It i* the difflcully 1 eoiife". that I ito not nnderataDd 
myself the |.rot*-*Ho* of the o|*«rtitli-n. und 1 lonnt leave 
tt lo scl.-iitllle cx|*-rt* to corred any Involuntary ml*- 
laki*. which a layman may make. 'I'lie l».y wn* 11 
year* of nite. He had l.wn norront up to the ace of s. 
when he had an attack nf acnrlatlna. foil. .win* which 
nil the charnctcrlatte niv-lil.-nt* of crelinlam were de- 
vel..|**vl. Ill* wkln necnnie yellow and pink ami wtily 
ii ii*1 dry. Hi* hair l»»-ame -carce anil brittle, hi* eye 
lid* nwolleti. hi* niea- flatlrtieil. bl* .-heck* flnbliy, lll- 



sh.ii nt hi* race Idiotic 

six month* «*>■ r>r Vi.ron.ih" itrarted the rleht lolie of 
the thy roid gland of a biiln-on on the liywer l*art of tli>* 
tioy** e.-relirnl orfinlt. The effect was both Immedhit. 
and |.r.*;i*wive l»ny by .lay the chlbr* nventnt and 
pbvniciil ..inillll m lin|.rov.*l, Hi* face l.~t I1« alckly 
color and It* fluttciied ap|«v»nlli*v. The dilld"* erowth. 
which li?id tn*n etun-ked. l.-snn nrnln. nnd ha.* ntnec 
eoi.rli.iM*! noeiioill) 111* uiciitiil lniproi.'iuent waa *ttll 
more rcnmrkalilc. Tlie Iv.y. who lM.r.ire bad t**?n dull 
ami oMiL*e. ao.l hnd taken no lulere*t in hi* aurronn.l- 
Inpv, In hi* le*--r.!i*, or in hi* companion*. *nrprL*evl hi* 
*cli<*.inian|er l.v- beoonilnit alert hrtchl. and Unally even 
ml*eblev..ii*. He i« now keen alike In the »ohoo! nud 
in the playcnaand. Pr. Voronoff explnlna that the 
crcltnon* dl*pn*ltlon 1* tirtwicht abont by the ahvejiee of 
the neeretlonn phaliiced by the thyroid zland. The tllf- 
rereri.*. l**twi-vu an ln1elliB*-ut man ni*l an liol»ecne, be 
sny*. due* not d.i* r*i n'l.xceltirr on the develotunent .-r 
tbe bruin, which may !»■ tl"' *am- In l*.lh. but on the 
s.H-tei lolls of this ulii id. which have a Inllllenlnr elT.*l 
on ll.e int. Ilinltnil ii.-llviiy of the .*-t»lital matter <:lve 
,-in linKclte a thyroid Blind in l-ooiI viorklnc order, nnd 
lie will display ttie li.*'n Intelllir -iK-e whleh he actually 
l*i*si«*i*t, lini which renialiied Inert l-ncause hi* brain 
did not r.*-.!ve the n.*ve**nry uluiulu* — Thr Piilu 

I t I' ^rfff.h 

Thl- Aaron Meleotolocieal f lh*crval«rv. ill tl*' t'ai. il 
Zone i* al. ill In in- 1... Mi. I II. ll ■ Pi « a.l.ililll.ltat.. .o 

t-iihlinc in tliot plii»*, An sn-f.nit .ie. I n.wrr i* 1» ir.c 

er«'f..t '.. -ni'Miorl tie- ,vi,i Nr. -a 'n.l-vaiie nu,l 

.„,Hbi,..-r.c..l.l.r. A Misni..ir:i|.li uill I,, j^lnlled in 
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Producer Gas for Industrial Purposes* 

Economy and Convenience Where Both Power and Heat Are Required 

Hy Tliomas Wilson 



Within the last fin* years the uw of gas for heating 
purpose* in many industries hjui greatly increased. 
Cleanliness and convenience and the case with which it 
ran ho controlled so that the temperature ran lie chwtcly 
rcgulated have la-en Ui*' deciding factor*. Natural and 



would he ^4 and I1» rent*, rmpceuvely. To this ntunt Im* 
added [In- labor it*- m and the interest and depreciation 
on lite producer installation; oven then the total coat doc* 
not eieeed murh more than one third (ho usual charge 
far city gas. In a preliminary cktiuuitc. ilw equivalent 




Fin. I.— Gaa-engtae plant at Harnhnrt Brother* & Spindlcr. 



eily gu> have b**M used to rink] advantage, hut for low- 
tetnprrature wnrk up to 2.000 deg. Kahr. anthracite pro- 
ducer ira« has riven equal satisfaction at a murh lower 
cost. Thr cost item has induced manufacturer* to install 
trail prod u iTf* using inferior gradra of ant hraciic to supply 
Kan, wit only for heating purjuwH. IhiI for {tower. 

A plant involving thU double a gt ffat Iuih liceii installed 
ill the new factory of Banihart Brothers & Hpiudlcr, 
Chicago, maker* of type and pnatrrV *up|>lics. The go* 
in used fur melting thr metal in typr-.ai.ting machines, 
for hardening furnaces, machine torches, brazing torch***, 
for lead and *lug casting, in anncalcr*. tppppf and nirkcl- 
plaling baths, etc. Alton I 70 jar MM i« required for 
these purposes and the balance bj thr engine unit* gener- 
ating current for po**r and lighting. 

Tim- an* 70 typecasting machine*, each equipped 
with individual motors. All chases are electrically welded, 
for which fully 75 horse-power is required. A machine 
•hop in which the- far tor y machines are made and repaired 
takes considerable power; licside*. there are eh«-trically 
driven numpfi and fan*, and an elevator ami conveying 
machinery to move the product in the course of manu- 
facture. When the plant in running In full rapacity, with 
the rliaM' departinent in opcratboii. the haul will average 
ehsse to 150 kilowatts, and when chases are not being 
welded it will drop off one third, fiiiw-qtirnlh , t*" 
units have been installed, one a 125 bor»c-|*i*er. 17 ' 4 
hy ItVinrh, fonr-«<trt>ke-r>rle laiKkin iebx i-iurine Uiroetly 
innnii'UHl to a 7.Vkilowatt direet-* urt> nl p nerator. and 
the other a twin eiurinr of the ratue i>pw anil sbw - f 
cylinder* dri\trur n 1-ilt-koWali u*»-"»-nitor; the s|»rtxt in 
« wh ra*o is rexilittwuis p» r ininiili*. TIum iiuu-hiii>-n 
an- M|NTatr«l Hi hi>ur» n day. and it is i l.i plan to u«r theiu 
■lllflialiil. depending on the veldintr \* nt*\-*. Tlw plant 
iiIho has a breakdown sen jet : but BB fur it has Isr-en rullotl 
on only for niifhl lichtinn, for the tin- jwiup* ami for 
»tiirtiiut the Mower, run in rtinim-tinn *ifh the two pro- 
ducer* «f ;Ca( ln>rMe-|N»Wer earll. 

As the plant has ktM runiiiiue uidy a *Jinrt time no 
katiftJartorv reeurdn an' atadnhlr. IhiI it may U* said 
that the ica.-. which avera^rs aUtut 1 15 and lias reached 
151 Itntish thermal units per anlaa fmtt, has ftiveu < x- 
relh-nt satisfartion iHith fi>r heutinfT und |Niner (MiriMsuw, 
A 1m mt puunds i>f biH'kwhiat No. 1 in tho prOilticpr i> 
• spiivalent to I.IMN) eiil»«o fe^ t of natural ira» routainiiiv 
><4ll Itnit-li ill* rmal utiltt |ht eubir bd it, and 7.~> pimnd- 
i* i tpnwiti'iii \M the saute quantity >*( eity gaa <M»nlaininc 
.V»ii to tUwt Ithti-h thermal units. At $- r » per tun, wh« h 
is a hiicb cbanee fur ■ ><■'< eiial in ipiaittiltasL, the fuel cost 
* Bcpfixl»cca (ro>ai rVvar. 



of l.tlOO cuImc fei-t of city iras *aa lijrumi to cost AIM 
vnu. ineludintf a eharjre fur water and intrrest and dc- 
prerintkin amounting to In per rrnt. Far the engine*, 
thr cuaranuv was I 1 * jsmnd of buek«lveat No. 1 per 

I. ruk.. I,.,r>.--, r-liMiir at 'ul' Iium.1, * liielj m |» r \w 

fiv<<s a fuel charK«< of O.'iN eeut. This amount will 
P'tn-rate aliout 71> ruhie feet of producer mut. ami with a 
Ileal remtrnt of Ho Ilntiah thermal units will supply 

I I. 4o;"> Uritisli thrrmal units per boiler bi>rt*^|wmcr-hr»ur 

THK rRoniTC-KM PLANT. 

In this dejiartni* in earii i»f the two Kliim & Dh ffciu 
unita i» rat«d at 350 borw-powvr and consHl* of a |tro- 
dueer and an enunonuxcr: a serubU-r irrves the two 
generators. The |jrodur<Ts, of the water-sealed type, have 
a heavy utrrl shell S feet in diameter by 12 feet hitch, 
lirebriek lined, and ro*t nn le«K in a eoncrcto pan. Tho 
fuel is supported on a layer of a*ho4 on the bottom of the 
pan. 1M aeen th« hot torn* of the «liell and the pan there 
is a cIcaraiKxi of 12 turbo*, and as the pan diameter b 
Crealer than that uf the shell, (here Ut room fur reuun uyf 
the aabea, wlm h are ptaeed in 400*p4Hind cans, hoisted to 
I lit- «treet level and carted away. 

< '< aI fr..m a 105-ton hunker Im-1ow tho street l»va| hi 
delivered by jfravity through a chute into the bucket of 
a 1-ton ctoolrV monorail hoist, which fur feedini; can 
Im moved dingily over Uie hopper of each producer. At 
their rated load the two require 750 pounds of e<ial per 
hour, nltliouirh they are now run mm; at only two third* 



capacity. The pruduocra are not ehartp'd Icttiily, bur 
are fell uniformly with 150-pound eharvpa at 35-miiiulc 
Intervals, Thr himt bucket easily holds ten charges, and 
Is usually filled four times eswh day. 

The coal enter* tho producer tlinmgb a douhU>«eal 
hopj»r. a euunter-wckgfitod hell at the bottom of the 
hopper preventing the admiasitm of air while the coal is 
being fed. The sliding plate at tho top in closed while 
the hell is lowered, so that the dial may run down over it 
and Ih* evenly distributed over the fuel bed. The hopper 
nuts on a water -cooled lop having poke holct for attend- 
ing to the fuel bed. 

A feature of the prodii" r is the annular tuyire of dug- 
houMO eriMwiH'tioii, which uniformly distriloitc* the mr 
and steam to tlir fuel U*d. Thu poivxtniclion facilitate* 
the ash removal, as the asbe* can drop around <>r within 
the annulu* ami easily reach the cown'te |i»n ut tin 
liiiHatu 

An im|Hirlaut port of the plant Ut the ccoiumiixrr, 
whirli in the present installation is 9 feet high ami A'J 

\>r\>* .liumeter, ai»i r..|l -li- • < if two ■ .Ml.'. !illr -III I • l|. IK 

forming two ehatnlwv*. The gas fn>m the generator 
|Ki<<Mc« through tlw- inner one and given up purl of its heat 
to the air llowing in the opjKiMt* direvtion through the 
outer chamber to the fuel bed. Ordinarily Ihe gas leavi* 
the iirodurcr at 1,'JtNi deg. Falir.. and if it paMted dirv^tl> 
to the scrubber it would carry als>ut 12 |sr cent of t h«* 
heat in the coal. By mining ihe tcm|>erutiirr of the air 
Ut 500 degnst* in the economuer. tWV third* of this heat 
ta rtt^ainie<l. 

In the pipe connection tielwccii the lop of the outer 
ehambiT anil tlie tuyere of the producer, a steam blower 
Is inserted to saturate the air and equalize tho jiressitre 
in Uin top of the producer; othcrwtsr. there would be a 
slight depreaMon caused by the suction of the engtm<* 
and of the blower supplying the sWp equipment. At- 
mospheric pmwire » thus maintained so that there is no 
tendency for air to be dra» n in ur gas to be bhiwa out 
through the poko-bulca when attending thu fuel bed. 

With the air at this high temperature, combustion is. 
facilitated and the steam is earned to the fuel bed with- 
out eondensaUon; it is also claimed that a richer gas U 
thereby obtained. The steam is supplied hy a small vor- 
tical fire-tube boiler rated at 15 horse-power and having 
a prefoiiire of 5(1 to MO pound", depending on the load the 
producer* are carrying, The quantity of steam is con- 
trolled by a gasometer eonnectcd by Mock-and -tackle to 
a weighted lever attached to the stem of the balanced 
steam valve. The gasometer connects with the top of 
the producer. As the load increase*., the gas prvsaurc 
lends to drop, so that the gasometer lowers slightly, and. 
through tho connecting links, ineroaae* the opening of 
the steam valve. A drop ill load produces the reverse 
result*. 

From the economizer lo the act scrubber the gas passes 
through a three-way water-sealed valve from Ibe top of 
* Inch the purge pipe leads to the roof. Water-sealing the 
valve eliminates any possible trouble from rar and soot 
slicking to a dry sent ami makes the tightmoa of the valve 
more certain. The scrubta* serving the two units fct 
tl feet b inches in diameter by feet high, and contains 
a citkeoulumn supporte.1 on tra>>. water «isriuklers above, 
and at the top a layer of exeekskor to remove the moisture. 

Krtim the scrubber the gas is drawn directly to the 
engines by the suction of the pistons. As for industrial 
purposes, it is necessary to supply the g»> at a definite 
and uniform pressure; there is an exhauster belt driven 




l ig. J. — Charging flour of producer*. 



l*'ig. 3. — Bottom of generators and s lea in boilers. 
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hy a l. r » horse- power motor. Instead of u«ng a gaa holder, 
a pipe connection is made between tbe delivery and suc- 
tion tutl*-* of tin* exhauster. In this line in a tmrk-prvwure 
valve Weigh ted for the. desired pmonirc; when tin* exceeds 
the predetermined value, the valve opens anil returns 
part of the gas to the suction *iito of tl»c exhauster. The 



Utter id run at e»mstant *»peed so that the maximum out- 
put will Is? available. T" tin- >alve spindle it. attached 
a diaphragm subject to tin* premure tu the ga* mam, aiul 
opposing this on* weight* on the up|wr shle uf tlx* dia- 
phragm. The construction is such tlial the dU|dinigm 
casing may I'm* rotated at will, pulling uilh it the \ahe 




r*ig. -1, — lian *t*<* of engine and producer rooms. 



Fig. 6. — Sectional view through static wander. 



dbtk and thtin kc-ping it fret* from snot or deposit hy the 
grinding action on the Beat, 

For the engine*, the. gas is clean enough as It cornea 
from the wet scrubber, hut for small burner work it mud 
tUao Iwt pusncd through a static washer operating on tbe 
import principle. The washer. Ktg. tl. consists of a 
chamber having two compartments, tbe upper one giving 
ttpace for gs* admistion and a spray of wafctr. llnnging 
from the dividing wall u 4 threaded cylinder with a piston 
having thread* of the. same piteb. but not in contact with 
those uf the cyUnder wall- Both axe so tapered that aa 
the piston is moved downward the flow area ia lessened 
and the velocity of the gaa ia increased, or rue rrrsa. 
The stem attached to the. pinion haa threads of the niunr 
piteh also, ao that in moving the pi* ton up or down there 
•> no variation in the "mc-*Ji." 

In passing through thin xigxag course, the remaining 
mint part idea in the gaa are deposited on the metal sur- 
fto-e- and waahed doan through the drain at the ImiUuri 
of the lower compartment. The purified gaa (wsse* on 
to the burner*. 

i 1 m aooM. 
The engine* are of the tandem type directly eonnre-ted 
to 1Kb, 220-volt, three-wire generators, with a l<alaucer 
art. Rite* inertia governor* acting through balanced 
cut-off valve* cuntrol the speed, and under the severe 
condition* impowed by the welding detriment I hey have 
mainluiiied rlowc regulation. 

The plant is distinctive in design in thnt any pari of 
either engine, with the exception of the crankshaft* and 
flywheel*, in interchangeable, and either half of the twin 
engine etui 1>e run independently of the other. In thin 
way, our tandem unit ean Ik- out of service juod the other 
two will bo available to furni*h the maximum load of 
I AO kilowatt*. 

A 10-ineb pipe from the ktuMkt, with b-inch tapa to 
each tandem unit, sup pile* the gaa to the engine*. From 
the twin engine, two teineh exhaust pipe* diaeharge to a 
I J-in- h muffler; this rodueea to 8 inehea as it lead* to the 
roof. The, single tandem engine haa a hVineh exhaust, a 
HMneh muffler and a tWineb riaer. 

Air for starting *« stored in two 30-eubic foot taiiVs at 
_t«) jM.uiui- i>n-H- ir>- dttnug tbe tiny by » niuUirHlnven 
eonipreeaor. From a o, 000- gall on tank on tbe roof, cond* 
ing water lluwa through the engine jackets and then to 
the auetioD of a 2-inch motor-driven centrifugal pump 
which returns it to the tank through a cooling tower 
above the tank. In eaae of accident to the pump, *Uy 
water will bf iumI temporarily. 

Other equipment include* a pump ami air-compre»Mir 
unit for the aprinkler ay at em, a motor-generator set to 
aupply current of the proper voltage for welding, two 
bilge pump* to raise the sewage to the necessary lei el, 
ami a triplex pump to circulate water through the type- 
rah ting nucha sea. 

For heating the building, two water- tube boiler*, each 
ahle to serve lO.OUO square feet of radiation, supply 
steam at a A*pound pre*i)ure to a vacuum ay-tern luavtng 
Itj.lKlO square f»>t of raduition. A at earn |4anl waa ftrst 
coohidered, but because of the low efficiency In summer, 
of inuuflleient exhaust »teain to supply the heating for at 
least part of the winter, ami because jpu waa needed in 
tbe shop, thc.pretent plant appeared to he the beat ; 
considering its brief peri* id of operatson, nothing bus 
happened to gainsay this decision. The gas for both 
scrvicca haa given satisfaction, and, from the meager 
data available, tbe coat haa been exceptionally low. 



AmpuUtions l>e*w Frequent in War 

I N rtSKHTiNL, ttgurea of the <tMt of meOleal arrv*b*e In 
war and the iH'nvittngi^s or dratli fmm wMinits tu 
niiMlem warfure lire given tu an editorial lit the JV'r*c 
r*r| -UcifM^i Joansaf. The Jo«nt«J quotefi Prof, 
tliartc* Itlehet of the I'nivendty of Parts us authority 
fur the tiMM k rtlnik tloit ambulance service nlone for 
OUtMaJO wounded or III cxmIm 91 a day for each, or 
lOOMML 

"This la a startling sum," says the editorial, "hut 
apiwniitly It dutw not take Into coiiahlemtlon tbe coal 
of feeding tbe doetors. nur«rs, mid either ebauffeuni. 
or drivers of horses connected with tbe ambulance aer- 
vlee, while tl»er*' Is (in otliiuite of (tie flrwt ci.M of the 
elHlMimte pnnijdienialla, drugn, apiwuiitui, ItrdrumenOf, 
ei*:, m|uln*«L" 

UuiU'hly s|waklng, the editorial aascrU, Imttle casual - 
Ilea In recent want have varied from 10 t«*r wnt to 30 
IN<r cent of tbe number of soldiers euguged. Tbt! ratio 
of killed n nd wounded baa been about one to four. Of 
tbe casualties, from rto to Ki per cent were caused by 
rifle tire aim from 20 to 30 per cent by artillery lire, 
chiefly abniiNUel. Itayonet and shImt wouudx have tan-n 
of coin|iunallrely Infrequent oeitirretiee, and little m co- 
lli *i U made of them In reporta. In the civil war In 
IhU eaSJntrj 1N) |*-r cent uf the total wounds rreorded 
were ciiil-uhI by -uinll tirnta. while the Injurtea from 
artillery uiiHtuntetl to only 0.K7 |a*r irlit uf the total 



"The Increase In range, the ritpldlty and ncennicy 
of fire develoi^l In nn«leni mllllnr> firenriMN, 
iwntctl itj tbe relative Increase In the Ntreiigtb of ftrid 
anllb-ry. will bavc an Imtsuiaot I- - r ■ l- u(msi the 
rhantrier of the woumU iiimI tlw inunlwr i f the cnsmtl 
ties," any Ibe Journal tu ci«iniH>ntlng on the prcM-nt 
war. "'Kxpcrlctw* In recent wars hon detuisiiMtrtilctl the 
i-titiraiter of the Injuries pnaluccd by moileni flnnrms. 
The European |«»wer>« have all adniHte^l rttlea with *<iml- 
Lar hallbttie prone rt lc«. Tbe bullet Is iackettil. of -auall 
(.ullUf, varying from tl.% mllUiiH'tera to I millimeters, 
and weighs from loo to aisi grnliM. It Is either ogl- 
ral or point e<J Ui *<lui|M.< and lias an Initial velocOy of 
fmm 2,tN)0 to 2.7isi feet a seeocid. 

"Tbe pointed or **iittz ImII' has hecn adn|4«<<l hy Kng 
land, tieruauy, Turkey, and tin- 1'tdteil State* The 
wounds in Ilk-ted are, therefore, etilirel) dllferent fnaat 
tbt Me Inflicted hy tbe rlhV In use several decades ago. 
This weapon had a low velttelty and earrleil a soft 
leaden bullet of large caliber, 

"KximrteiMW In the Kuaao-JupuiMo-e itud Itjlkuu want 
have tloMiirfiHt rated tluit at llw* greater runge« pcrforn- 
tkum of Ihe abdometi, chest, ami »kull may take pluce 
with u>1 of d*hl ugly alight effect k. Tlih« atatement rated 
|w ohnIIIIxI hi* far as the ptmititl bullet ts eomiTiied, 
■bate ibis bullet haa Its center of gravity near Its tin*e. 
and \« utiuilly **el up' iai iiieellug with "light rc*tlMaii'c, 
thUM fi*ri>tng Ita way througli Ihe tbeniea tu Its length 
Lis trad of lu Ua diameter. 



"Fatal primary hemorrhage m-cur* much mon* fn*- 
Miiently than In earlier wars, hecause the Mmnll-ciillhcr 
Jii<-kete<l hltllet b) more likely to *a?Ver VMMH wblh* 
tlx- hi ru»-calHier bullet, uiorlng with le-v veltaity, uhTtinU 
time for Ibe hlood repaid to la* |ui>lntl n»ide from lis 
ctsarse. 

"It hn» ta-en c*<llmii1ed thai 91 |»er eelil of denlliM mi 
the iii-Nb-tn hnltletlchl an- due lo himiorrluige. Second 
»r> hemorrtwigi'. which In former wnr» wus of such 
common 4S'curreiuv. iMiwsduys ruroly tarurn, while trau- 
matic aneurism I* much more freqiienl. 

"Ani)ftitathiis* are niu« b U«*t fre«pu*iilly neceasary. am] 
then only wl»ere there U extensive dcMrnh^loii of llmh, 
as In wounds hy large slidl fragment*, or Initirien to 
hhaal vcmmcI* ciwaplctfly arreathig rlnulutlon. Wound* 
Inflbietl hy Ihe m<*|eni rifle bullet. If pro|a a rly pra> 
brded aintlied lufcclhau. never reipilre amputatkui un- 
Ick< the elreiilntliMi Is arrested. Machine guns uae the 
rlhV suiniuulrloit, atid 11m* wound* Intlhicd hy Ihem tire 
Identical In eliaracler with thiwe Inflicted hy <sther 
•email arma. 

-The wound* Inflicted hy »hra|Miet differ frtsn thaw 
eaumil by the rifle trulb't In that they arc aii'iaaijotiilod 
tiy a greater contusbm iiimI involve a greater nmoiiitt 
of tlssite, shni|uiel hullcts l>elng of greater afag and 
nartng n much lower veba'lty. Slmipuel wouiula arc 
fretpietitty multiple, and altotMt liivnrlably atiiiiurute, 
since they are very npt to carry fon-lgu matiTlul from 
the clothLuc Into the wowid.' 
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7. J/ntiri foe", i- I anlnllalvm. 
villi tbe MMMCMtiN of H» i>ii 
Ihm. At tlw present lime 11a* 



We ur<- mm fiu-ed 
4l»l> [seaer In i 

ihlt-runl-ennihustloh 



No other pi lun- HI..I.T Is nl-li- to 
on the wort- of weight Hf bor*e-|sjwer or fuel-weight 
HOMMV; there is untliiug In sight likely to um tbe 
Internal-combustion motor from itji supreme pi->ifi->u. 

Tie- relative Important of lightness uud »x-onooiy vt 
fuel l» determined by tin- ebon of wrvlee for which tlx- 

weight/horsepower for uri'mw motor.: ordinate* r»i>- 
reseut weight of motor plifc* furl. abac-beta- tbi* duration 
or UK nin in full load. It mil lie seen at n gliim*- 
from this diagram llmt for l-rli-f |s-rii*ls tin- weight 
per horw |siwer of tlu- engine is tlw all lui|s>rtuut tai- 
lor, whereas for long run- this heeowe* r»-liltlr«»ly lew* 
Ibt- weight of gasoline and lubricating oil 
tlw main item. On referring to IT*. X. It 
will b* noted, «'» extreme*, that the 

i with a very 



working Juris, um] so pmviiles the lie ronailtii 
structi* with an engine os|*s-UIIy st-rvleetahU* where 
■Ml machine* are i-miccmed, ami simplicity and u|t- 
1 are of importance. The rotating engine is, at the 
r. olioiul. al tu gasoline, but Ls 
gnsody exlrinagniil In lubricating oil, uimI coiiwspwiilly 
ia at u disadvantage for long distunce work; it will, 
however, prntiubly bidd its own for sunn- lino- to conic 
In miichlnes for short-distal*** dying. Till- rotating en- 
gine, also, suffers from some illsiidi'iihtttge* on the 

Jb n 
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. Iiut afti-r » 

run of 17 hours at full load, Ibi- inisiorcur engine (rep- 
rcacnlcd for tlu- pun**" of illustration I.) the llalnilcr- 
l.y ILa greater coiiouiy baa taken the lead. This din- 
t-ram una pr. |«ir«il by nn- mine three or four years agu 
<»e* lliis.rt of the Advisory Committee for Aeronautic* 
lor 190910). klauy of tin- aeronautical Motor*, of the 
present day eonihliw with n weight /horse iwier 
of at.i-.lt 1. ii degree of m*«»y that eoni|iure*. well 
Mill! the best automobile pru.1l.s-. 

i lut of the great multiplicity of ty]»-« of aerouaulle-ut 
i nline now on ibi- iniirki't there uri- two l>|»i-*, riiinw-ly. 
tbi- rotatinii <-ii(iiw< on tin- oin- luind and Ibi- llcbt wrlsbt 
iniilti-cyllniji-r V l>|«- on tlu- oclu-r. wtilili 1 imiHidi-r 
llkrir to aurvlrc Tlu- ro4ntln« tyia- of piiiiIiif kIvm Uic 
l-wdhlllty of vitjt i-oniplit- bnlniHv nilh slmpllrity of 

•Tbc Jimei lomil IwtuM. dnlivrtol bWort tb» laaOta- 
Uuo uf trirtl En<lo.-rr, <.a U>r 6lli. < oapua alaa Uh- aaiaa 
..I hut'. p.iK-r u ataatmiililr Ino.l.nn, la a.rot.laaaa,- 



woro of i>Tlmust hIK-iii-IiiK Tin? lnult|.r>lilnli-r V tvpy, 
thouwli onliiia rlly nut ao ll«Ut, |mn for |www, as 
tll« rt--latlntf nieiiu-. Iuih many ndvuntaui-*, ajaajajaJgUja 
for blub |».wrr and nlwre long dbtum-ita hnvo to be 
ncKirfliiled, 

It 1» cuatuwary in tbi- rolallnx m, k Iiw to 
dln.it alr ocadins; it la, In fuel, dlAi-ult to 
an W0Ut wltb Hati-r^xHdlnj;. TTie horae-iKtwer ab- 
Mirta.sl hi tbt* tjliolni- t-tiillntr lniidt-ntul to ainxioliti^' is 
\rry Klvat : in tbi- oriL-lnal called Kl horse tsmer 
tiuouM- (whieb netually gives vi-ry lltili- over -to hots^ 
lamer In nbjtfac), tlx- |>uw«-r cunnunMal Ui wind reslat- 
anee. MM ou Uir test stand. umoiuiU to sooiethlns 
uenrly U horse (aiwer. and II luuy In- mulertully grinter 
undi-r tlylujt t-omlltUms. 

In enclluv of tbe V ty|«-, wuler-euoUH la In k'reuter 
fu>ur; tbe lleiiaull a]Ki-iul tti-ronnutii'ul motor la on 
exception, la-inu nailed by air-blast generated by m eeu- 
trifngal fau. Tin- Hi-lgbt of Ibi- water-eisilllig system 
wli. il nn««l ainotliita at Ibe l»~l to 0.8 isiuud |s r bora,-. 
|pu»er iwith miller nearly 1 |>ound per bono- |aiwrr|. 
and tbus consulates u si-rUHU aihlltlon to the w< Ubt of 
tin- lu>tar.atlori. Here, nifaln. tbi- class uf aenkr- Is- 
cooiisi lm|H>rtaut. It la evident that for abort -dfcata I are 
fly IliiC. Hbere engine vretgbt Ls of jiurumount lnijs.irliiii.ii. 
it may be better to employ dlr<s-t air-euuliiix ; when, 
however, a luiixdlstuucv ^-rvbs- is re-iulred. It may 
urUe that tbc weight of tbe water ooiaUng ayaUni Is 
Justlmsl by tbe saving In borse~powa( and better fuel 
eviisiiiupll<«. 



i b no! ii. i 



Ai-isirding to a rcvont luvesllgaitlou by vav* tlw i 
uiiuii harraa power exis-jiiltsl In isaillug, Unit Is to say, 
the luir~e-|s>wer iieteHsurlly ex|a-ndrsl In •saa'lng, Is a 

surface cv|s«ist, nml there U some dUlieulty In jirovld 
lug an iiltHoolisl engine t-ylliulvr with surlleieut gill 
Hurfai'L- to kis.il Ibe borse-jsjwer lies us low us desir- 
able; when on tbe other band water Ls used as a beat 
carrier, tbe rigid limitation a* to available surface no 
longer applies, there Is sonje dUadvaiitage, however, 

given showbig tbe esss-ntlal relations la-tw.vu horse 
is»»cr, equivalent or nest dlsslpntisl imt -mare bsit 
aurfniv (uueeissiej, Ul«elillal velocity of ulr tordl- 
hjtlll). Usaijw.-nilun- dirfereiwo. and is.-wer abvirlnsl 
in sklu frMinn. It will Is- undcrsli.al the graphs re|.- 
rem-m tin- minimum horse-power absorbed, Iwst-d on 
the man aat firm tlmt the air la traversing the i 
■ItJaJ a stream line isilh. and thut tlwre Is m 
tbKial hats of power In isldy-uiaklng (other tbnu 
liiciiletital to skin fliitioul : the honeycomb ty|ie of 
radialor most nearly cocujilles with this eoudltiiKi. 

We may now pns-eed to consider the interrelation 
and cismpntiblllty of cngli.e and profiler. It has 
already been pointed out that in order to get tbe full 
output from u given engine (us Ls also well known to 
be the case In marine propulsion*, a propeller pitch 
has urten to 1h- uek-eted rur from I bin prinn-r to blgbint 
atttaaW, Tin- dlllk-ulty has (as In the early Wright 
machine) tx-eo met by adopting a reduction gi-ar; alter- 
natively (an also In the Wright machlnei a multl- 
,• be employed. It Ls evident, for 
that, if four prntM-llors he used In place of one 
iller. the lndtvlilunl diameter may lie halved, and 
mnUj for a given ]•». h laud therefore revolll- 
speed) tbe pilch diameter ratio duuhled. Tlw 
original WriL'ht machine furol-dird u good examjile of 
a ease in which the propeller pilch dinmeti-r ratio was 
that of nest effliHeney, and this 
In spite of tbe low velocity of 
the Wright niuchtlie. by a combination of both methods : 
that Ls to say. two projiellers were usisl instead of one, 
are) these propeller* were geared down from the engine 
In the relation ID to 33, 

Tbe lncuuilKltibilily at present existing between tlw en- 



I loll 



vel.slty ls lncreiiH.sl, so that. In tbe case of an 
ordinary iiun-hltie of about l.-PXI pounds total weight, 
tlw protieller stsssl (for best clllelency ) for a single- 
screw machine hccunii-* appropriate to tlu- normal en- 
Sloe s]H-ed at abmtl Kio miles iter hour. Since tbe loss 
of efflcieticy for a Qlie-jdtcb prolaUler, even down to 
half tlw pitch ratio of licst eflldency, la not great. It 
nuiy lie taken that for flight speeils of 50 mile- au hour 
llpuarsl. tbe Mlnn.-e of advantage Hew defiuilely with 
the direet-eoupksl pro|H-llcr; this agrees with exig- 
ence. A tioiut of InleriM In couiwxtion with propeller* 
of isimpnratlvety- tine pitch and somewhat reduced dlani- 
eter, such as commonly In use to-day, is the fact that. 

fully out. there Ls very little 



whether tbe machine Ls Maudlin.' or In full flight -it 
is commonly reported that tbe revolution sliced doe* 
not uicrease more Ibiiu 10 per cent from "standing" to 
full DM-innl fllirlit sjieisl the thrust variation also Is 
slight. This fact constitutes the only justlueutlon for 
tot of aeronautical | 



l» no dimtit tlut In a pro|s-:ler of tlnorellenlly perfect 
prolmrtlon, or In nu existing pruis-ller. if lilted to | 
muchiue of le--- pesislanee, ths-re would t*- a far grs-ater 
res]siU»e In lllghl sjsssl variations. Aiiually. this Ls a 
ease In marine pmpulshai where tlw liaoneiwr mala, 
lion recorder Is isunmonly found to give more reliable 
remllngs than Uie ahip'a lug. 

K f.-.laiuuy »o the DrtlfK of Ike Acr»lvil.— We shall 
now pnssssl to tlw disillusion ut the more iletatlrd ar- 
raugi-menta and striMural felllurea of the machine. 
Hrst, tlw aerofoil. Tbe pressure appropriate to lewat rc- 
alstaiice we have already seen to be given by the ex- 
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per square foot. Consequently If ir U tlic weight <iu 
Hying order) the area required U - 

|U ICUSt resistance. 

Tbe above is tbe whole hash, of any iiilti.il "lay oaf; 
there are nanny refinements, however, to be considered, 
which voter Into tbe coiuplcle problem ; Mm principal 
of these ure: 

"Ibe fact that isirt of lx 11 function of the aerofoil 
«ren— the quantity we nre determining— weans tbat the 
liest area will be less tbuu given by the foregoing ex- 
prcsaloii. Tht- radot him Ik-cii dealt with by nir In 
"Aerial Flight," M07- v,d. 1. U 171. 104. UK, 11*1; 
also uw! nsaintiy lay the stuff of the National I'hysl- 
nil Laboratory." 

Keyond the above, tbe aneclrtcatlon of llljebt velocity 
for any machine consists more often than not lii tbe 
prc-scrlptirai of hleluir and lower limits rntber than 
»(<W tlxpcl speed. Under these circumstance* tbe 
niuil values aud pruporlloua are based on a lay-oat of 
graph* uf resistances. tiiru.it. etc, nti tbe line* of tbe 
dutgriinis already given. Figs. 11 ami 1*. 

It Iu evident from tb* general character of tlie realst- 
limr velocity curve, as shown dlagraminutlcally hi Figs. 
11 aoil 111, that whereas considerable departure may 
I- |-niiltfe.l from the normal vclialty of (light on . ill., r 
aide of the minimum without Incurring ai>prccb»ble In- 
crease hi resistance, at the limits of ibe flight sin-ed 
range, the slo[ie of the resistance carve Is cuualdernhic, 
ami there will lie aliarply denned point* at which the 
resistance in equal to the maximum propeller tbruat, 
ami llo liberties tun he taken. It U lniia>rtaut to note 
that at the maximum limit of flight social the eqnl- 
lllirlum of thrust anil resistance I* stable, whereas at 
tlw minimum limit tbe conditions are those of lusta- 
lilllty. no that should tbe machine at any time fall 
below tbe minunum, the aeronaut can only recover bis 
power of night hy calling u[«kj gravity to assist him— 
that la to say, by taking a downward course. If. as 
when uear to tbe around (or an obstacle), the down- 
ward course In not permissible, the machine will execute 
an unOlgnltlial descent, to wlilcli the verb "to pancake" 
has been apldkal. Tike critical speed at which Utia will 
take iila ce in not necrssurlly related to th*? critical 
"leant xelority" angle of the aerofoil. 

Briefly, for a given machine the extent uf the llieht- 
apecd variation U a function of the reserve of thrust 
over the minimum resistance value, the absolute value 
of the limits being fixed by the load that the aerofoil 
la called upon to sustain. In the cane of a high pow* 
cred machine, however, the lower limit may be pre- 
scribed by tbe critical auric of the aerofoil. 

Ttie choice between monoplane and biplane la, hi the 
main, a i|iie«t1oii of conatructlutial euiclneerlnE ; there 
la not a great deal to chouae between the two from an 
aerodynjuulc standpoint, hut with equally good deaJicu 
tbe monoplane give* a alUrhtly better lift/drift ratio. 
Tlie Interfereuce effect of Ibe two uianbera of a biplane 
aerofoil haa been atudled by many invearieatorii. I>aiig. 
ley allowed, about ISttO. that with anperpowd planea 
(aaptx-t ratio — 41 the Interference wan not aertoua 
when aeparated by a dbttance equal to tholr lower 
dlnaensluo. The reamlts of a mora recent Inreatlxation 
by the staff of the National Physical Laboratory are 
published In toe report of the Advlaory Committee for 
r the year 101M2 <pagc 73), from which 
IX baa been taken. In addition to obtoininK 



ac-iiRer*, eu-.. Ibe lnvcrtial equivalent of the niiiifMHrtini: 
reaction on the ci'ntral pier of a cautllcvrr itlrder. We 
alr-iire»ure furcv. by whl<h the aald load bi 
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quantitative data for the jwrticuLar aerofoil choeen 
(Blerlot, aspect ratio — 4). an Investigation was alao 
made on tlx- effect of KtnxKcrlng the planea. It la shown 
to be ndvantageona to arrange the upper tMl In advance 
of tbe lower; thua the eotnhinatlon ah, Vlg. -J3. la of 
the aatne etBcleiwy as the eocnblnatlon a r. 

<!onsJnerlng the aerofoil, whether monoplane or hi. 
plane, from n atmrtiiral atandiralnt, and in Investigat- 
ing the atrength of the aerofoil as a whole, It pony he 
treated definitely aa an Inverted i«litllever syatem. 

i In a cantilever bridge, we have tbe weleht of 
fnsctagc with its alighting ehaast 



ajiondlnu to the weights of the outstanding t&eaben of 
tbe cantilever. We have a variation of pressure from 
IxiLut to point due to guata, eddies, etc., corresponding 
to some degree to tile movable haius repmeuting traffic 
over the bridge. In the case of tlie aerofoil w« have In 



tbe cantilever girder. L e., Uie weight of the aerofoil 
itself directly supported by tlw inroMaur* reaction; are 
amy. however, regard tbU <*j\ial mid opiae,lte itistrlhu- 
{Um of weight and pressure as aopcriajeed on the lnniii 
ayalevn. and as not cuiitrllKitlng to tbe stresses In the 
uerofull members. So far as the analogy to the bridge 
goods, it is evident we have a well-known enari- 
•lilein which In capable of being treated by 
a ril known methods. In tile caJcuiaUoti of atnasaa uf 
tbe aerofoil members two alternative methods are In 
current usr: In Uie one the aerofoil atruta are treated 
aa plo-jultited members, by the usual trusa-glrder con- 
structlon ; according to tbe other method. In place of 
tbe hypothesis of the pin lolot. we have tbe hypotlujels 
of continuity In the main loiigltuilliula. The llrat and 
alnipler method hart been used by several linns for 
many years past, and gives results, which, under ordi- 
nary conditions, are very much on the safe aide ; the 
second method haa Ijccii ueveloianl during tbe laat few 
year* by tile .Vnlliaial lliyslcal Laboratory." anil baa 
been adopted by Uie Royal Aircraft i-nctory, and more 
recently by other manufacturers. 

Un the plu joint hyiiotbesls the stresses are snlred by 
the well-known graphic stress diagram', the alternative 
method bt conshUirahly more complex ; reference should 
he made to the report cited. It Is well to remark that 
though the pliejolnt hyiaMbcsIs gives results usually on 
the safe aide, tlie extent of the factor of safety Co In- 
troduced la not one that can be relied uiam. aud may la 
special caaex be even neiratire. It hi liardly necessary 
to jxilut out that the more important and vital the 
problem, the less appropriate liecoiue inajthoda of an 
approximate arid Inexact character. 
It. /J'slrfonoB of tsirut; Wires, H'aorb, We— The 
of the resistance of 



baa been atudled e\ la-rimeu tally at the National Phyal- 
cat Iaiboratory. at the Aerodynamic laboratory at 
OottUigen, and by Mr. Hiffel, in Parts. A few results 
relating to strut sections are given in Fig. 30. The 
graph a a Is a plotting from National Physical Labora- 
tory data,* relating to the sections «, representing one 
of the best forms tested ; graphs 5 and c relating to 
sections 6 and c as determined by Mr. lClffcL" In Fig. 
30 ordlnates reiarusent resistance coefficient in absolute 
units, also in terms of iiorma) plane (the normal plane 
unit being that of minimum sectlou). In Fig. 306 are 
given two strut sections designed at the Itoyal Aircraft 
Factory. These were reported upon by the National 
Physical Laboratory aa giving leas rails tance for given 
strength than a number of othera suhcnltteiL Approxi- 
mately, strength for strength, these section* gave one 
fourth the resistance of struts of circular form. 1 * 

The reabstance of wires and rupes has been investi- 
gated both by the National Physical Laboratory and by 
Prof. Praodtl of (iiuingen; the position may here be 
siunmiilizni by saying that tlw resistance of a rope or 
stranded cable, at right angles to tine direction of mo- 
tion, is virtually equal to that of its protected area In 
normal plane. The resistance of smooth wires is about 
'JO per cent leas. Both these results only bold good 
above a certain minimum value of i V. which may be 
taken al about thus at 
may he token as applying to 
about three sixteenths Inch (=0.015 foot diameter ).** 

Another intereating set of detenslnatloos, for which 
we are Indebted to the National Physical Laboratory, 
Is that relating to the resistance of alighting wheels; 
these have la-cn tested both In reaped of resistance and 
lateral reaction." Tbe direct resistance of n 26-lnrJi 
wheel fitted with n 2(4 Inch pneumatic tire appears to 
he etpul to ahmit a third of llo projected area In tcroia 
of equivalent normal plmvc. the projected arva being 
taken to be that of the tire itself. For fuller Inronaa- 
tlnai reference should be made to the memorandum cited, 
1(1. Vcrtkvl Surface— One of the qunntltli-a of great 
with the tyiio of atnhlllty 
or spiral stability- la thai of vertical 
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surfioi*. it U it€ great imiairtsin-e to la* utile to enno 
pule with norurscy tbn elTe*ilve dL-vtrlliUtlon of vertical 
surface In any niachiDe, and of lhtih years coualdcr- 
aWe alteuUou has lain u<-voli-d to. wliat we muy term, 
the "valuation" of accidental vertical surfacsi. For c\< 
ample, every vertical or liu-llneil stmt has n certain 
directive value, whk'h may be expressed in terms of 
vertical surfu<*e; tbe alighting wlwsis, t-specially If of 
disk form, represent i-nnslderiihle arciu of tbe equivalent 
vertical surface; even the fuselage (the stream-line 
body or cur) has Its cuulvaleut value as vertical surface. 
It was pointed out by me some years ago" that u scrcw- 
priHuctlcr moving other than axlally cx|>erlenr-ea a coii- 
atateratite Ulternl fun-o More recently Mr T. W. tt. 
Clarke has called atleutlon to this ucllou. and to tbe 
lni|a>rtaui-e of eowldering the propeller In Its capacity 
as effective vertical surfa.sj. It appears frnm Mr. 
Clarke's Investigation" tliat the propeller equivalent tit 
terms of vertical surface Is a very large and serious 
factor, and one that under no cireumstunecs should he 
Ignored. The memorandum In umaition is worthy of 
careful consideration by nil engaged In tbe design or 
construction of Hying machlue* 

A point that should not be overlooked Is that the pro. 
poller value In the sense under dUniaslon la totally 
different when under |s>wcr and ubeu dragging or 
stationary ; this suggests tbe desirability of locating the 
propeller as near to the center ol gravity (in live fore- 
and aft sense) of tbe machine aa conveniently poaaihle. 

II. Tec />irn«<«i(o Lum( Forlur aad Forlur uf e'u/r(». 
—A matter of uniwrtauce. aud ooe (if a ooatrovrrsta] 
nature. Is tbe fniior of safety necessary In order to 
take care of the ninny and varied conditions met with 
by a machine In flight. In the simple case of a machine 
In horlxaiital fflgbt tu calm weather we know that the 
load supported by the aerofoil la the weight of the body 
of the machine and its associated parta, but not lnclud 
Ing the aerofoil Itself, whose weight is directly dis- 
tributed over the pressure surfaen ; also we know I but 
in the various evolutions a machine Is called u|kju io 
perform, the stresses may considerably exceed the nor- 
inal, and that variations of effective load are experi- 
enced, due to wind'gusts, which it la quite isjt of tbe 
power of the pilot to prevent. Kxcludlug for the time 
the latter, we are clearly able to define the worst 
that Uie pilot Is able to do and specify the factor by 
wbieii tbe normal stresses must be multiplied lu order 
to represent the actual stress**; conversely, we may 
specify arbitrarily a factor of safely, and wa may teil 
the pilot Just what be is permitted to do, and Just what 
he cannot uwlertnke without risk. Taking. In the Orst 
Instance, Uie assumption that the pilot hi allowed to do 
bis worst— he la to be allowed to try to wreck his ma- 
chine There arc two ways lu which he can operate; 
first, he can drive hla machine at the highest isjessible 
siieed and suddenly alter his elevator to the |icsdrioti 
corresirolMlulg to tbe lowest possible speed ; alterna- 
tively lie may take sharp turns involving heavy bank- 
ins. Now tbn highest possible s|-eed Is the limiting 
velocity which tbe machine will acquire falling head 
first vertically ; this, with machines aa at tbe present 
day constructed, may be estimated at about 140 to 
Kat) mites an hour. The lowest velocity in the present 
sense Is the velocity at which the aerofoil Is meeting 
the air at lis critical angle (the lowest velocity cap- 
able of giving a pressure reaction equal to the weight) ; 
this may be taken for our purpose as 40 miles an 
hour, ir, when falling vertically at 1-10 roller, an hour, 
the pilot with absolute suddenness Jerks hla elevator 
Into position corresponding to 40 miles an boor, the 

W. 



Off)' 



to hear on bis aerofoil Is 

that is tu say. approximately twelve tJmos t 
of the machine. In practice, for 
the maximum load would be diminished, since the 
elevator cannot be moved with absolute suddenness, 
aud. If it were, tbe machine could not answer tbe ele- 
vator and alter its attitude to tbe line of flight im- 
mediately. It Is prolrahle. on tbe basis of the llguri-s 
given, (hat 10 IV la the maximum effective load that 
cmiiil under any circumstauees bn hrrmght to hear 

In tlie lase of severe hanking. If the machine l-c 
hanked to mi nnitle », the resultant of the weight and 
centrifugal fort*? La the value \V see 9. I lisve fre- 
quently nunle i-stliuates of the angle of tatliklflg wltclt 
a pilot haa been making a steep spiral dive : the angle 
rarely exceed., nil degrees or TO degrees. Taking Til 
degree* aa Ibe inaxlunun. tbe stresses In tlie machine 
will correspond to a load equal to ,'t W. 

From the foregoing It would miiear almost certain 
that In culm weather the pilot. If n-Otcd to do his wont, 
i^anuot In any manner reach or exci 
stresses due to tbe static load. 

I*t us take what may be eonslderet 
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Tbe machine rnUTJ nlr. or Is strode by • gust repro- 
*<Mit<sl hy a chillier of Telocity equal to half the Blght- 
s|sasl. Assuming the machine has time to swing to lis 



a simple resolution nf vchalty shows that the worse 
ctidltloti 1* that in which the direction of motion of 
the gust la directly optswed to that of flight; In such 
u iws' tlw rdntlie velocity of the macbuut heciMnes 1*4 
tluies normal, and tin* efjective load on the aerofoil 
will Iw |'n,i' times normal. In case of the ma- 

• l.lt-r being slni.-l hy a sudden gust or squall, the 
load will Ih- ,x,i*-.|,lortiWy higher. tnU still dots, ant ap- 
thc figure Hi <4>lalu«l on lite bants of the idiot 
"flattening out" when at maximum speed. 
It bi evident from the foregoing that a flying ma- 
chine la the course of Its normal usage Is liable to 
stresses many tltuc* greater than that of Its biirmal 
hull, ami the frt.pnn, y of tarn stresses, sud the total 
number of times they im-ur In tlte life of the machine, 
will he related to tbi'lr magnitude by mine empirical 
Ian' f,.r any given class uf service. Ill anvil a CUM It 
Is cv]ib>nt tluit the term "factor of mlfety" does not 
carry Its nrdUiiit'y moaning: It for cxnmpie. Id the life- 
i line of a Sect of n«i machines th* atrcaao* reach six 



hI four times normal, say, ISO tunes. It will be 
.-,-rlalnb suinck-hi iiml proper If the designer works to 
six times the uonnnl load for bin ela'llc limit wltliout 
using any fat'tor of safety In tlw accepted sense at nil : 
to do otherwise wiaihl lie to hunlen tlw whole 100 mn- 
chines with u weight of suiierfluoun material without 

tlinie to employ the term "fartor of safety" or not" 
the uerofiuulk-iil designer most bear clearly In mind 
that In his oartlculur eusr. hi* factor baa a double func- 
tion, tiaine-ly, la.th to give tbe margin of strength and 
durability lo-xtnl uiitlcr or<llnnry conditions of flight, 
mid to provide for abnormal conditions of strew, oeca- 
sl.uinlly, iirm alm.«t lo the theoretical limit of the 
nlretunli .if tin- stfurlur*. 

In Mcuiorsinloiii \o. !K1 of the Advisory Committee 
loot yet itaiiid-isl in an tiniiual re|s>rt) the matter Is 
fully eotisiderisi, and Ibc ovtrouie prtdiahie values are 
estimated as follows: 

Nature of t'nmniiusl liywaailr 

Cuatlnaeecy. Gosit-faroa- 
<.U*U 4.0 

Hanking 1.4 

KlatHtiloir out .*» 

l..«H.lnB- 4 tor, 

In tlu< rei^trt In «im*stluii*' tin* recuuimisiidHtlon Is 
nook 1 Hull a fa<-t<vr V Is* u<b>tittst in dtsilcn not Ilsei than 
.* or tl. this is'ihir isitisUU*r»sl siillb-lt-ut to take earn of 
111..1IM1.C likely lo hniis'ti t" a iiiiolilne with rvtowuable 

» 10 1 lirefsT |>lli>«at£«'. Tests ulid nlleulutlons of the wlttjc- 
»l«irs .if .llirerei.t 1 \lstlni! iu». Iilu.-. aire tbe following 
result-: 

T,|s. Vols.- .it S. Mow tHianilnnl. 

A I Ily eniierimitit. 

II I I to. 

f r, Hy calculation. 

h :i Ho 

K :: Ho. 

K 4 Ily exjierimcot. 

i: 7 II) ••aleulatlon, 

'I'lie ltn\al Aircrufl Vie1..r> have «d.«lit<sl a factor 
u.it.evt liill itivaler I ban tloit rissmimendrd III the Memo- 
raoiinio it. i|ii,~tl«.ni n loioliliie i<; In nls»ve table!, of 
which tin- nerofoil w*« lestisi in .|r>.tnii-tloit, nctiuilly 
t\>*ir<l*«l VI. 

In iiiniHsileii with tbe snlijis-t of aerirfolt stracture It 
Is In Is' observed Hint the «lress ilMrlblllloll varies 
oni.-viib>riitily under (llffcreiit oMMlltious, namely, at dif- 
ferent anifli-s of attack. Itefcrrln* to tie. IV it will 



two IoiiuIiihIIiiuI niciolsn.. fnsit and nsir. r«-iss.-tl>ely. 
ami Hie pTi>|xirtl<ins ttt tlw Uuul borne by each defieuils 
ii|«ni tin* |«>*ltl<in of lie- .s'liler nf tiriso-ure mul varies 
wlib IIh iil~i>ln<s*iiiciit. ubU'b cihi only is 1 ascertniiwst 
fcniu »-\]s-rlini'iilM mi 11 n 11k misli'l i>t Hie aerufoll Itself. 
TliK fiii-t iieist< CMtwtilcrttttim wbcii cecuitutliiK the uia\i 
muni «Iii >m-» mi the mcmls-rs In i|u,->tl..n noil tbe aero- 
foil "I rif'lllrs- Hi a Wllnl. " 

The ciilcnliitloli of < Irs* aiTiifnll structom lint only 
i mn|. rises Ith* n-siilulliiu nf tin- main llfliDi.' fuiss* ills- 
11 II. ml. .11. as a Insole .ll>.iis>.-.l. toil al»i entails Hie 
'^il.iil.itl f Ho- l.-nullixlliiiil s|p..km-« dne In llue-of- 




,-.■1.1.1,1. I. nil . 'halt. Us In Hi.- . 
.,».-,, 1>k la lain II In i.t- I //. of u, I 



,, 1 .- I h. , . .ei. Ir-„n I In ^ .'. 
II , 

" I' III.- (».-.. r .% • ..1,/-- .1 "III. i.n.yre.i I- T..U-.I > ltsn«- of 
I swir.« :>. ••■•m 1... 1 •• >>l i-i-ulim. iot I ••. <a. fartar 
of. .....Ins. .11 . -., nm 1. I. Hi.- ..|'j-|.rinil.r Ihan II... .lj .isn^r 

I.K4.I r>. I..I whlcli 11 • |.n.V^V« 



fllltht. or "drift" forcirs. Tlieae uiay l-c ijolte linalerate 
un.k'r lmrmnl tllteht csirlltlntis. but may bcoaue far 
mure aevrrv at ablmrlimllj liliih «|«-r<l»." Tlw tr>-at- 



ciilly; It Is to-day eenentlly ronslitensl tlw l»st in-a.-- 

Ilis- to Isolde for the nlKcwb* stmiKtb of the wIiik 
by lis owu Internal dlaa-miil bruelns. 

(To tk- row, alio*. ) 

The Darwinian Theory Denied* 

of the BrltUh Aaaortatlon for Ilie Adrnmvuwnl of 
Scienor. nt Melbourne, Australia, on the 14th, I'nif. 
Wllllum ItatefHio, the Iirealdefit of tile ii~*"Clatioli, dla- 
cuaned the Ibportos of Iharwln, nral bis cuurluslnoit 
controverted the netierally accepted tlws.rIeK of 
tloiL Ilks addnswi was, lb jsart, us follows: 

■»'. must bcsln aci 
course of evolution can nt all 1 
as an unpacking of nn 

tallied within lt»clf the whole rani!., nr diversity whUb 
IItUiic IhllLaTU preseDL 

"Ax we huve icot 10 rtssiirnlie tliat llwre luis Iss'n an 
evolution, thnt snmcbow or ntber the fi-mis <if Ule have 



11i.1L.lc wi lonit us it was applied to the organism as a 
whole, but Hint Mendellsm bad otowo that t» Ita ap- 
Iill.-jtli.li in the -airta, to detalU of ajMrdOc dlffereuee, 
In I be s|».ls nf tin. |«acucka tall, to the coloriuK of an 
nn-lilil tl.iwer— details In which tbe pote-ncy of natural 
-*-leeil..ii bad lasfii urieed nilb tbe »lroD|test etnphasls — 
It was n,ultc untrue. While favored races- survived, that 
iriiUiu "arunvly at nil aecnunts for tb« diversity of 



lie declunsl thst be could not disguise his aymtaithy 
with tlw efloit of tbn Mcudellan extremlat I-oUy that 
all lartntbiti inl-tht t* due to criawlng. Ms added that 
without exia-rlBieutal breedinit It was certain that "we 
an- merely cuc-ixLug wbeo we profess to 4Hstiucub*ii sfa*. 
ellu- limit* and tn iloelars that this la a spec lea nnsl 
llml a variety. The only deilnnlde unit I 
Is tbe form stirlncUuc from similar ftcrm 




we are Hulled t.. Ibe nld vb-w ihnl •-vi.Hitli.aar> pniu- 
rrsa U from the simple to the complex, and wlwlber, 
lifter all. It is cnnoelvulilc Halt Ibe prots-sa was Ibe 
other way ahvul. When tbe facta of o-netle dlscov*.ry 
become familiarly known tn biologist* and cease to lie 
the itreoccul-ution of u few. as they still an-, many and 
Ionic dlac-nsxloiis must Inevitably iirbe 00 the uw-stlou, 
and I offer IIiojs» niuarks to |.r>-|,nrc tbo irnaiml. 

"I ask you ainiHy to i-pen y«snr inliids to this lassal- 
bllity. It involves u certalu effort. We have lo reverse 
our habitual modes of thoui*tit At first It muy soam 
rank absurdity to suppose that the primordial form or 
forms of protoplasm could have contained curaplcilfy 
ejioufll lo produce tbe divers tynes of life. But Is It 
easier to imairtuc Uiat tbi-se istwera could hove liecti 
cimveypd by extrinsic additions? i*f what nature could 
these additions tsO Adillllons of material carmut surely 
be iu tiuestlon. That which la conferred lu variation 
mux ratber Itself be a rlianiee, nut of material, but of 
arrwiii^.iui,nt or of motion. 

■The Ihns-aiimi of sddltiiitis evtrlii-k- In tbe ontiin 
l<lu does inn seriously help us to iuiairine h-w the 
|M-wi'r to cIiiiDkv can Is* coiiferred, and If It proves Hint 
hone lu Ibst direction must Is- iil<nn-l><ns<l 1 tbinh 0 <- 
baa. very little. H> the is-arniiii;i'iaeiit nf a ver? unsl- 

erale number of llilnxs we s.»ni r b a anaila-r ..f 

taissUilUllai practically Infinite. 

ll life may have 1-,-n of -mall ■llnnn 

Us. tjuaiitlli l« i»f iiTiwirn In 

Ibese Cerilslderatlons. .Sbuki— js-nrs" iwue exlsf.sl js 11 
speck of lari-topluam not so hie us a small pin's In-a.l. 
To this nothing was added that would 1*11 istiuill) well 
have serves! to build up a balssm nr a nil ' 

Prof- Bateaou laililled out that a iTcilt Isjily of ex 
laTLtnrnts. made alul maklnic iiocsirdlne In the melln.il 
laid down by Mendel, tended inward llw 1 henry tluit 
varlntloa la productsi by a biw of inirtutil .tualltles. 'I 
liave coulMeiice." he mild, "that ibe anlstlc iclfts nt 
manklud will prove to be due not to sismclhlti** added 
to tbe makeup of nu ordinary man, but tn tin. iih-a-rss- 
,,f factors which In the imriiuil |..rs..ii inlill.lt the <le- 
veloiruielit of lllesc k'lfls. They are alm.*t Iw.mml ,l-.nl.1 
lo la- l,s>ked Ulxai as 'reb-nses' of l-owers iNiruially sap 
pn-sseiL Tbe lnslrium-lit U Iberc. lait It Is 'sti^itasl 
down.' " He ndiksl : 

"As the evidence stande at present, all tbal can be 
safely added lo ainpliOcalloc of [be evolutionary creed 

milt la- summed up in Ibe stnti-tnrut that Tartllll s- 

eurs as a detlDlle i-veat. often producing u scn»ll.|> dl- 
cotlllimieiis r>s.ult ; tlmt Ibe sam-siou nf varlelii-s 
ci.mes lo |*kh hy the «-levnlinu und establishment of 
siRiradk' itriaijis of indlvlduiiLs owlni: tliclr i-rl-;!!) to 
such Isolntisl events, awl that tl»o chain:., whkli we -»s. 
us .V nawilt Vlirlath.ll Is often. l».tl|ll|« alwa.n. .f 



»n-h b-DiU not 111.- small.-st ciiconniirc 
to tm, view thnt £radu.t] , >v»lut1oii i»-- 
curs by the tran-foniiatlnii of iii;i-.wm-- ,,f individuals. 
tlMinitli that fain7 lias ll\^,l il-s'lf il|sni |«ipiihir iiu.iie 
bullion. Tbe irreal udtinaes of scloiwv nr.- made like 
111,,-' of ev,. lull. .11. lint hy inilxTi-i't'tll.U, niasj. Il,i|,l-.i. ... 
lui'1,1. I.ilt hy Hie sisii'adle I.Srlli ..f isial ra lis e -renins. 
Tie- ji.illiail.ieli follow nfler him, wlilenlnj; and chslr 
iliL- up. as we are dolus ulolis the tmck Hint Meiab l 
fiaiinl." 

-N..I only did 1'r.if. Unt.-son ts.vi rse the c-iirrenl ni.th.li 
..f I'lelntloii. Iiul In- sal. I lh-,1 nnliirrsl .tint l.-n ac 

...in.lisl virml) si .,11 f.,r I Ilversll- of >j..sl.-.. tluit 

the .l.«Trir f Die -iinivn! ..r tin- tl<t.->l was mule 



Wb.fi • oiiclune l» OJillls lu-sd ntsl .L-»n«.r.| si ,1 » 

,rt... II) tin- .Irtfl luwd l> , 
sskjlit of Its llksi'lllsa 

at l*r-~l*ol tlatcwin. at Us- BHU.h J 

••rscU-nc* it J" ' 



to tbe fact that we arc In • 

render competent services In every branch 
or iNitcnt or trmle-niark work- Our staff la composed 
of ujerhAUk-al, electrical and chemical experts, thor- 
oughly trutned to prepare uiai jarooecatc all patent ap* 
plleutlaus. Irrcspoctlw of the ciraiidax natura of tht 
"libject matter Involved, or of the specialised, techoirwl, 




We also bare 
assist tn tbe 
Plications llle<l Id all 
Klulos. 
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Am:* a t<*ur al>r<ia<] tor tlw jiurpoMi nf i4iscrvaUi?n 
tii><] study of fonliu fixiiiivrnlal nixl indnxirtnl mrtho.1* 
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i.-iitlon was partliTiliirly dltwlinl to Ibe nwtbeda and 
.nuscs that have mart.' Grnaany a wwhl-wWlv power 
III .T-Sllliwrw, ami his remarks are nf lutrtleuLar Interest 
at this time. Ttie Iron Aire puMtsbed length/ abatrarta 
fn«i the acUrrtu, from which the fullowritia* are derived, 

'Hie tiemuin empire that we now .l*al with, anii the 
• ienuan eninlre that l» gxliif to teach na, la teactilnc 
us, many thine*, uul thill wlU be the moat Interesting 
Milijfw-t for Iwislrjrss men anil Mtatcmneii durini; the 
iti-vl (wenry4U'e year*, dates from 1K71- 1 waut to Rive 
) *>u a aucfrflrjou of the stop of Oennany aa rotated to a 
number of powerful European uatlona, and the United 
.Statr*. and the coadltiiais under wlileb that imputation 
Uvea. IttnaU. whh h ha« Uw. laravat area of any of the 
Kuretieaii nationw, lk»s vjMfiai square mil™. Or- 
luiiny cmnes next ; but note the dllTerelice — 'Jffl.,000 
square mUea. Germany has an urea ubout f^iutll to 
Indiana, Illinois. Wisconsin, and Michigan. France 
linn •JOJ.OOO miuare miles, and Rutland 121,000— that is, 
I lie llrltish Isles. UussJu baa a imrjuLatlan |wr aqua re 
mile of about Hi; the Tolled State, land yon will 
Hole that our pogsilatlon seems want) has «!; France 
bus 1D1, but rrenniuiy has 311. Jiwt aa noon aa we 
know that. If we know anything abont the Genua na. 
we know we bare a condition of compression which 
Ik going to grow so great that It roust find relief. 

And that Is where the difference hi pulley came be- 



l>ssi to e.OOU.onrj tons In the year Hill). There Is an 
iiitrrestiax thing about these cominerclal fertilisers. 
The German pig Iron produirttiMi lias lucreased tremen- 
dously In tnsaa twenty years. By what la called the 
process lliey were able to use lilglt- 
In steel manufacture, and Ibe 
resulting alag was very rich In uhcsqitiorus. Grinding 
that up gare a product that they called Thomas phos- 
phate Hour; aud to-day millions of tons of phosphate 
Hour are used on the lands of Germany. So she not only 
In- reased uer ability to produce atecl but IncreJWert her 



woNnnurtn. nanimi or tuaiuc 
The population of Germany abont the time of the 
formation of the empire was 44,000,000 approximately. 
To-day 11 la 00.000.000. This Immense growth In ]kj]ki- 
latloa, and particularly the crowding of the people Into 



eii-rrleiwe of all eivlUaed nations— has necessitated lhc 
development of Industries to employ thuan thronging 
worlcmeo. So Germany la changing as other nations 
are, frutn an agricultural to au Industrial nation, but 
site haa reaponded remarkably to this need. 
Bocanae my subject deals particularly with foreign 

few dealing with the exportation of Industrial products. 
Tbe highest on Germany's list, ton product In which 
she bns advanced moat, from IBM to Wli, bt machinery 
of all kinds. The value In 1BST of lnadiuiery exported 
was S3,BO0.0O0 murks ; In 1012 It had risen to 630,300,000 
marks. Coarse and fin* Iron products rose front 



His mind rested largely on the 
litcn of a ceiitraliaed aud a unlOed German) : whereas 
the present Kaiser has seen the need for expanding 
llie boundaries of his country, for Andlng place* where 
the force and energy that have been developed by the 
German schoolmaster* cnu God expres»loii under other 
suns than In Germany. 

Sikh a |ro|nilntliiti us 311 per tsjuure mile 
a gri'iit problem In the feeding of the peeple. In most 
Knrt^s-nn countries where the population Is so dense, 
lb,- Importation of fissJ products to a necessity, Eng- 
land la u very marked etuiuple of thai. Kngland lm- 



Goal cxpottH from that email country ruse from IS.* 
Dxiu.iXiO mark* In 1887 to 4345.0rtO.O0O mark* in 1912. 
Cuke exports In 1887 were 9,000,01X1 marks; In 11>I2 
they were 120,000,000 lnarfca. Cotton, woolen ami ulllc 
good* Uicreaaed from 2«1,000,000 mnrlai la lftffT to IfcMV 
rxNi.iNM) mark* hi 11*17, Tlw Dgurea explain to all of 



there, niid we do fin.t 
h» 1* trM-wi rvry utrontrly (ti- 
lt 




mi'itt Urgely fmru thU i-ooiitry ami from Auatralla: 
liw dairy producte, froai iH'ntnork. Klulaud, Norway, 
inul Swedeu. Ocruiaity has derelctHM] b»*r jiowpt to fwd 
lia?r ]MHij*le wltbin bcrwlf, and hn* nppllr«l ih* woitder- 
fu] -.d-Pihoe of that riinntry to the pro-M-cna of Uiklnc 
tmn- 4if the iwimludou wit bill lu-r own buundarln. 

I wrapt to Kirt- ymi tbe lnapUatloii of to* agrlcnl. 
tuml fljfufx* of (leniwiny, that nhow by what means she 
Iwh aewoiplUbed thK In 1-SfSl Gertnauy rulaeij «f 
wbent 1^07 puuotU |ier hectare, abutit 2.47 urm; Ui 
IfltS, 2..MMJ |hiuim|h, nn tDrn a j|i>o ori*r thn wnroo acTenge 
«f KY8 i*-r wtit- Kye In 1SH1, 1.1 tH) |H-\i!.rlfl ; in 1P13, 
-MOO (KiundH— lik-*rv«Me 75.2 |-.-r out OaU In 1SS1, 
JJttl pounili; In 101^. -400 poumU -imrtm SI o»r 
mt Pototow in 1SM, 1t f Sflft pontidn; In 1WW, 17.440 
Iroiind-*— IncrpflM 1 4" r»fr cut, 

rerbniw we would be Ititeretite'.l to nee bow tbcuo 
flgurf!* rucninre with tbtmir for the 1'nlbnd Hlatm. 1>ur- 
ln« tbe Mime 30-y«r period nur yU>ld of wheat per acre 
rhunifed from 13.1 bie-belM to 13.S buybeliK: of rye. tntm 
iri.O bti5bH« to 10 bunbeU; of rHKatowt, fr.wn M 
l.i •«> iHwhi'ta. Th#> rom aprnnnv of our 
Iih treuieiii|i'ii«l) In tlw "W jv*rn. tmt my 

In ■tint. Ih tbilt we produee jn^ tii many busbela per 
acri. to-day an we dli) rSO years uim. 

Vuil ffcntb-inrn an' prrbaps thinking (bat <iur con- 
dition* are dllTereiit; that Ui*re U no m.Hi>ii in the 



I reniarober yonra ngo, I think It wiw 1007. wb«i my 
Interest In tbe German waa flrst excited. It wmh be- 
<nuKe lu Mexico I noticed Lu erery «oe of the twenty- 
frmr cltbna and town* rbtlted on tbp trip, If you lmpilrvd 
fur ibe bard ware mercbaot or tbe leadlikg mnu whw 
iHHild speak Enirllnh, you were prrtty srure to And be 
wan a Gflniuui. ThiHr ratnme «f ba«lon» In Mexico, 
I tUInk, in not equal to that of tineat Britain n« yet: 
I will aay It ajcaln, u« yti. 

In 1887 Oreat Britain Ktood 6r*t ha p4|t Iran produc- 
tion, tbe United Htates aecood, find (.ermany third. 
TiHlay the United Statw b nn«t, with Sl.Otnjrjrjo tout* 
hi 1913, Germany wwnd, with 17,000.000 totw, uud 
lCnctond third, with 10.0WX'«» tan* Tin- total pbr Iron 
|.n«|.ictloB of 1913 uf tbe w<irld «n» eatlmatetl :<t 
T5.000.00D tatiH. ami of thbc Gfrmaay. With Iter poor ore, 
prndtirvd one fourth. Tn diiy tlermany ranks •ocood In 
*twl production, third In rrat prodnctlon, third mi 
20S.000 aguare mlhm In tbe production of wheat and 
rye. mid aecflnd ooly to the Vnlttil StnUfi In Uw lelieth 

WltMa tbe period uf year*, tbe percentage of 
liicreiuae In forciini trade of the three leadtnx forclKU 
ex|t«irt nntlonii wktp nn fallows : United Htatrx In- 
eiNMicH'd 2t.)K jut omt, OfTinany per cent, t'nlttd 
Khit^btcu 110 pt-r t\iiL AimI ttio^e are the Oicure-i with 
wlilrb 1 want to prove my iKiUit, tliat to dny we oiuitt 



ndnjmon nt the Jxilnudre irjetlind.1 of rtiir Usll-Hi which 
i Jc rniany ban n«lopt<>il. And thu t U v>. I want to 
-=vv. nfter rpictthiit tbe Anierb'Hii Hjcure*i, tt ftrohably 
ha* l>eeii better for um with our tremrndocirt acreajce 
jiml wltb the crvat nnimiut of vlrirtn (bat watt urall 
J.M.- t<» the Ami-rleitn fanner, K« baodle a rast nrrenge, 

■.ur iteiinty p<it'iilut1.>iu *ncb tnteiiNr ruttlvatbm U fm- 
j.i«*.lMe. Hut thi* Ui'ramn rtsnro are ititere^tlnK 
it-, wtuiwliirf wtiitt .miii Im* itvriu by a dlllmtnt luitbin 

i nntiinill.v |vh* f-ull In riifonitM cllnnta. 

• .i-ruiiiny liaf* nn** tlww aerlmirurnl prvihleaiH by njr- 
pl.vlMH ti» f bnu M4eiitll1e in. In her dmliiaipr-. In 

kril-iilbiu, ni-tl luittkubirly In tbe of eoronicrvi.il 
f.-rllliFeM. The <xrt>xiiin|1li.ii of eommeretrtl f.-rtill tt .n« 
fmni l,ik«i,tNk-| iMHrlr (on* In 



tiou In forelim trade, but to (Jennnny. And we >ball 
liavi' tt> work vit>- burd. in toy li'lnlon, even wltb n jetttti 
of 'jus jier <-eiit eomimri'd wltti l^V to rctutn oar ponl- 
tloo during tbe next ~"> year*. AimI nil of im who bnve 
an «>|«]ior1 unity to coiitJflbute to tlmt will tuive to Ink* 
the *utd*»rt *ertoiistly. r>r wlieti we rend tbe^e Uirureti 2J1 
yeart Ttx.m now, t.eriunny will be at tbe head nml no* 
tin- l*td ted Statw. 

THK WIIOOI-MAHVtlK AH It 1ML tlHIU.il AlWIia. 

I iblnk every student of the liiduntrtnl prviWwn in 
irt-rtimny will a^ree In the great adviiidnfie whleh 
tlermntiy bay In her military tnilnlnc. The Inlliieiiee 
of two thl no tt Hteiii* to me In pnrtlenJnrly marked 
In t.emtniiy— the (lermnn m-bonlmnxUr »iwl tbe Ger- 
iiiaii drllliun»ter. Of course, to berlu with, Germany 
It* ,, CbrlMtUu unlW I think that bclpa. and I am 
founding evprytbtnif eise on thnt You know that until 
uLlt.li. ji fi-w y.-arn n».^t ( »f tbe hhii wlio grew to miililr- 



iry In Genuimy nerved In tbe nrrny. Now their pojm- 
billun la Increasing «o rnpidly tbul tbty do nut bare 
(o be an wevrri! In tlie selo.-ti-oo of men. Of the ttitnl 
iiimiln-r offering tb^y aeteet fewer t&day tlinn they did 
i; but iwverlbelec* ibe great bulk of Uw 
irf tMTmnny fitr a buodred yenra bn* 
ht't-ti trained In (lie Gennnu army. 1 better* you can 
»er* In eiery mau In Unit country tbe elfect of train- 
ing In habits of dl*U|»liue, Melf-respect and iMMsdy. 
In that partleulnr l.ennany biw a lead over both Rng< 
land uod the United Htutea, nn-l tbta prot«hly we will 
lie many year« in mereuiiitiig. If we ever adopt aveb a 



I have read and I bare beard It «ald thnt thfai trr> 
ummmIou-i gr*iwtb t»f German induatry and coiuuaer<<e 
<^Hi«tttutrt* a menace to American trade. IVreuiiaHy I 
4lo not rniuatii that way. Opposition rtrengtlien* qm, 
our competitor U cur bt«i|M>r. I would prefer to find an 
Inspiration In wbut Germany luia 
meniico. If tlw German*, ai 
trude at the e^r»en*e of otber nntlorm, It In because 
tbey. more than any otber nation, buve planned their 
work. The question In, Old I bey attain tbla great foree 
a* a rommerelal dimI IndnNtrlnl nation through, for In- 
hIhikt-. great iiMtural rwoiircoH? Tbe answer must be. 
No. 



I buve hIiuwii )ou that liuvibi and tbe United HtateH 
iMitb buve on turn I re*u*iri < e* greaUy in cxeexa of Ger- 
many. Have tbe German*! renrhed their poaltlon by 
reu«vn of the fact that tbey were able to i.uatlfy under 
Sir Walter Kulelgb'ti doetrliw that "whoever eummandx 
tlw- aaa comnmpiis tbe trade"? Tim answer haa tn be. 
N.. Gernonny ban never cirromanded tbe aen. It baa 
been true Up to thl* time at any rate, ueennllug to my 
reading of buttery. Out whoorer cnmmaodfi tbe aaa 
iMitimanda tbe tradr. When Portngnl comtnauded tbe 
>m-« Hue eotuuiandeil tbe foreign trade; while llot land 
eoinmnnded the Ken *br nomitiiir>ile<l file foreign trade, 
T«Mlay Kngland ^.unnanda tbe wi. »nd ^lie I* Ibe 
greatest «purt nation at thb tUue. tieruniny Li see- 
ond In i*ea power, and nlie ba>< never tested tier tmvul 
strength wltb any uuvul enoj|M*titor. It may lie that 
the future on* lu More suih a teat aial 1f It rnroin and 
Germany boom to the front In that tent. Germany will 
■sanely Command tbe world trade. We will lake what- 
ever poalUou I* axxlgtted to nn at that time. 

! nm not ^leaking to-day n* a jlng.x but speaking 
only an au American buMlm-xa man u»iy, I want to 
quote to you a parucrtiph from a paiuplUct written by 
Or. Karl HnlrTerlrb. dlreetor of the Iteutscb* Itiink, 
ublcb be wrute In celebration of tbe preae>nt Kalner'^ 
tweiily-flftb anniversary. Tlilti deaN purtlcularly wltb 
tbe relation nf the German nnval pitwer to 



"German eixiuutuJc life bt ctjiiw-iD-UM uf I wing adrong 
enough. In tlnir*t of (M*aeefut 4Nim|ietiUnn, to maintain 
and utrengthcn lu p>n.ltlon. But the temptation for a 
Mi-ong natluii to make u*e uf Ita pcliiical and military 
rx-^Murtva b gal tint a weaker one In tbe rdntgglc of owe 
nomle roinHtlUiaj ha* at *ill tlmen Iteeo very grear, 
Tlie numernuK warw over c.wnmerce In the hIMory of 
tlw world glte evldetnv of thK All tbe program of 
culture ami elvillxatloii In tbe life of tbe nationn muxt 
not deceive tw and ciinse n» to forget that any too nbarp 
divergence In tbe devebipinent of eeuiiumlc utrength 
and jiollUcal jaiwer creutea a tendency toward a violent 



I ng tilts Germany, which U o.nn|alled by lt« gee«ni])lil- 
t-,d lMje-Hioli arid lt^ t^t^rU-iK-e In history to maintain 
a land unny eipuii to all eirtiUngeiiHea, hud al*n to 
de»4de to j>rot4H't it* ever-gTi.wIng and evpandlng eeo- 
iiMinlc rt'tiitlt>nN nvi r Ibe »it\.H tiy biilldtor ti nury rdrong 
eiioiiiib to nlj> In the bud any temptation, on the part 
of any enemy, to < nmb our iiminutle com|»etltlon by 
foree. Our navy, tbe < reatb.n of our Ktnperuf-. l«. In 
tbU ftetiHe, tbe keystone in tbe mighty «yntem to which 
Ih due the exlniordlnary develnfimeut of wealth In Ger- 
iiuiny, ami wbleb today (-.institute* tbe tiflfcls for Uie 
»<xKt»-iice of the German i»evHe,*" 

I give yuu that paragraph to think nlwiut ^otne time 



Milji progrnmme In Congou or when y<iu bare |we- 
Nehled lo ytjii v» bat m-iij« pn^etitrd to me the otber dny : 
ttie idea i>f an uiritatlon to do nwav wltb all a)ipr<e 
t>riit rttJis f,»r baitlr^blp*. anil bnve tN- i;>>venimeiit <««n- 
IclMitf iti. amount l«» *ii-*(.aloli(jc and edurnting badle* 
In Ibe l ri:tt^l Slates! That U nut a Joke; there b» *»neh 
j.i. .argjiiibmtnui lu eiistenee In tbln cwmtry. 



iiiaiiufnetnrern who bave go..l f.. r - 
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Vigo trade have ltnl«l It ** most uf us do our greatest 
as a tiling to lie sc-epUsi a* » matter of 
tu the giver, and U) be 
forgotten anil neglected *•**> a* anything nearer at 
IiiiiiO attracted attention. 

American good* for the not I'M rt have been designed 
and manufsctunsl to meet the American market, and 
wla*u we ship tliem abroad, wo ship tlirra according 




Americans lint tt would apply almost as Willi to the 



American ataudariU. So lung aa lU-y 
tused of the foreigner, and so long aa be 1* unable 
to ripply that need from another aourea-. In our Hum*, 
of i-ourse, ho lmys theni from us ; but aa soon aa tie can 
thnl some one who will turn! hi* wishes In the design 
and manufacture uf the goods, he fliula a new market. 

i of the customer, In her versatility In 
reaching the market and In satisfying the customer, 
anil In the Interest which she sbowa In all the ipjestiuias 
which pertain to the ts-ommtlc life ami development of 
the customer. 1 mu sure any one In this rooia who bus 
lieeu In the Far F.ast or iu South America, or li> 
Mexico, or any of the countries lu which I 
IrtlUua la now 
iu ablpplng 

touch with the customers, tiprmany la rapidly I 



erring to the 



: to the 



U. Tabs Ik my way,' anil It la the right way, ami It la 
Hod's way, ami tlorl la tlw Mori of the l-.ngllab estab- 
lished church.'" To wine decree that baa lieen the 
attitude of American luaiKifacturera In meeting their 
foreign customers. 



followed the absolutely paternalistic 
system In developing her foreign trade, and t.Rglaiul 
baa followed the Individualistic system, anil we hate 
very largely followed England. We do not demand to 
the degree tbut the tlerniaiis do that the government 
throw the wbolc weight of its Influence and power Into 
uf our foreign trade. The tje-rniana 
their development by tbelr consular s>«- 
tem, foreign steamship linen, foreign banking systems, 
rebates In freight rutea on gorernment rallroada, when 
I hone wen* necoHKary to enable the manufacturer to 
reach a foreign market. Tlee*- ttiluga we have not had, 
at coming from our cm eminent, except the aaatstanc* 
of onr conanlnr wn-lie. and not uf those Uilng» we 
would not want from our government. 

The kind of prosperity that tlila development ha* 
hroughL to Germany la material prosperity, I realise 
that I am dealing only with material prosperity, aud 



not only aa safe, but as patriotic. Rut this doe* ii"t 
cliange Uie fact, nor will It ever change the fact, tbut 
work foe the Wle. fowl 
and abelter for tba needy, hospitals for the atck. scnisjl* 
for the Ignorant; and whatever attitude of mind we 
atal the remaluder of the American i*jbll«- may get Into 
to-day on the subject of business, we will latas beyuuil 
Hut nnd realise that, while we want It conducted rlglU' 
yet It moat be cottducted ami It will lie .«»- 



It aeema to me ibat in tbl* uncertain nnd uuU't time 
we must make our plana for tbe busy time that I* 
absolutely Mire to follow. Very little that la un- 
patriotic la being done In this country. Moot of tlie 
agitation that dlsrurh* ua, and that we fcur, la by men 

1* right. We a* 
has colli* to ll>e 
end— that she will never be greater Iliac, she la today. 
We know that we will be greater aud that we will tie 
better, and that the Micceaaea of tlic future will lie 
fiiunited U|aui tlK 1 Kilo -ease* of the iie.nl. And that I* 
why at tllla lime iwraonally I nm lookiug everywhere 
foe inspiration. I believe If there la any danger In onr 
own country, friau our own acta, or to onr ow n '-oontry 
by reaeoo of tlie proc-eose* that are going on In other 
imtlolia. tbe American business man and the American 
working man unitedly will hnd In any peril that men- 



Aircraft on the Defensive and Offensive 

Fusci la aealoualy striving to adapt tbe flying ma 
elilue to aggreaalve warfare. Among other*, there were 
tiegnn at tbe flying field at Hue lu tkiobcr. WIS. testa 
liefure a military comuiiltee with tlw «-«'all.»l "Air 
Itraft Hunter" of I.leot. Mallfert. Tlte Hying litadliue, 
wblcli waa already exblloicil at tbe laat Aeronautic 
Exhibition lu Taria, la a Niev)|iort looniajitane of KIO 
buran-power. It contain* In lis /vat-I«iK^ a alHit-elete or 
u projectile thrower, au arrangeiueut whlcb, wlieu the 
plait aeta It iu action, atrew* Hi* underlying gromnl 
with two thousand allot An aliuiug arrangement In 
atiUl to be at hand, tin tbe flying flcki a dylug uiacbiue 
waa represented to actual mule by oinins or n dlak. 
IJput. Mallfert rone In tiia uutcbiite to » height of 
luelera nnd tlonded the target with hia ■■rojectllea. 
'Hie dlak wait riddled with many biillda. Then free 
halloona were releamal, agaiuit which alao Mallfert 
act loll. He Mlcccetleil III 

to aluk. 

; Hying inachlue, tbe aik- 
cnlled "Xeppelln lluuter," waa put to trial laat summer, 
iu cording to tbe Karbi Journal. With Ha own weight 
reduced to a minimum, It bail to i-nn-y an armor uf uu 
1o To kilogrammes to protect both tl«e inkit and the 
more vulnerable porta of the machine, it la 
ilne with a light i 



abot nnd Ignite tbe g». 

In January. 11)14, an experiment tank place ulao in 
Vlllncooblay. with a new armored Hying machine, whlrb 
was built and provided with n rapid-lire 
lug tu tbe dlrectkina of the heada of military 
thw. The ordnnnre. preaumably a machine gun, la 
claimed to have aimul atrlkiug caiuidty. Tbe night, 
however, which the pilot, Kapancr, effecti<d, with the 
new aeroplane, wtia not very fortnnnte. 

Tlte Trench pal"'™ em|ibaal«e Hint iu mture all 
Freoeh mlllturj air craft, «xce|>t tlie acbool machine*, 
will be armored to protect theni nguliwt boat lie ftrc. 
They may be divided into Hie following Hilda: 

1. Armored monoplane for re<.«iiii»llerliig artillery and 
riivnlry. Minimum velocity, 1311 kilometer* tier Itour. 

it. Armored biplane for recoininltwince work of tbe 
general •taff at great dt«lnii"-«. Minimum veLa lty, Hal 
kibimetera per Iwnr, 

:i. Armoreil biplane which, provided with macliliw 
guue, etc , aliall dealroy lioallle aeroplanea and alrnhlna. 
Mluunum n-loeliy. 13) klluinclera per hour, 

4. Ijirge aeroldlinea with more acuta for aian-ijil 
eervlee. 

The l'arii Aeronnntlc Kxlilbition laat fall showed a 
■pedal number of armored aeroplanea. 
l»rote< tkin extewled not only to the pilot 
but alw to the provtalona. the rmUlera, the nieuwirlng 
ll.rtmnienta and earix-laily the proimlaiuli avKteoi. Tile 
aeroplanea nut Intended for nggrcaalvo warfare wrn- for 
Hie most part provided with wlreleea 4p|inratiia. 

The Improveinenl In tlie laawildlltv of olaiervntlnii 
nil. aluwn at Villnii.illiUi.v late In November, Wt^. imi ll 
III -w kind "f iMTopllllie III which the wnt for tlie observer 
u plaiaal f.wwanl. dlnvlly under Hie «rew pnaielkr. 
IVimly lllrod. plfcilol liy tloW. Ib w over the Held ih-v- 
cml time* and made effective ivtiacrvatWiuii. Tlw cn- 
IHiclly for oliaervalloiiH from tlila |MMition la witliont 
di.nht greater, atlll tbe otiacrver In Ibla advanced piad- 
llre. aud above all la 



Incapable of taking charge of tlie coutrolx of Hie aero- 
plane In case of failure of tbe pilot 
At Fern bo rough lu fcngtnud laat year u trial of aharp- 



waa provided with a 
this gave, from an elevation of 13* inetera, 'Jl alada 
directly downward. Aa to tta atrlkiug capacity and 
eltoct, nothing lias been reported ; the recoil from Hie 
allot was without notable Influeni'e on Hie eo,ut|wilae uf 
the aeroplaoc. 

Alao a tHrmlogliau auclety luatltutcd at Dbdey aharp 
almoHng at an aeropluiic with n machlnc-gun. The 3v 
lioubd. ulrcooled luachlne-giiu Inveoted by Col. I^iwia 
waa Axed on a tripod on tbe aeroplane f ruining; on a 
ttl|aaj was alao tilai'eil the limvable yedt for tbe pro- 
tectlan of tbe aviator. Out of thirty aliola at a target 
apace or 30 r»*t, 11 lilts were scored. From what ele- 
vation the aeroiiJiiue Bred baa. however, not been re- 
tained, ikur Ibe velocity or Hie air craft, nor tbe kind 
of target arrangement 

A sighting inraiigHiieiil for machine guns on air craft 
haa lately been putented. Tbe machine gnu Is Died 
tatween the legs of tbe onaerver Kilting forward and 
having charge of Hie gnu. Tbe aviator alt* elevated 
Iwhlnd the observer. Tbe forepart of the neropluiie la 
covered with a hoial which carries on top a uMch ami 

When tbe target Is lu sight the 
tn II* pilot nnd adjuata the 
distance uiwl altitude. Tlw aviator directa tbe aero 
plane at the target by tiae uf the rudders In conjunction 
with the notch and sight When the observer |ien«]ves 
tbe dim-tlon colneidea be promptly nrea. 
An aeroplane projectile with rear nnldi-r haa been 
made In KnglamL A tills- rxtmda leitctliwlae thrwigb 
Hie middle of Uie cylindrical iwojecllle, Oiled with ex 
pl<«lve. It carrlea, in front, trigger tiina uml prrcnaaluii 
<ii|» neiiaralol by an iiilccs|stce. and having well to the 
rear nn ignition charge. Hoth isirts are secured by 
Isdta Bxed to tbe aeroplane frame, and. through the 
projectile. Interlock in tbe tube, and w> protect tbe 
aeroplane from destruction by Its own discharge due to 
hard lauding, abis'ka. etc. The port of the tube ex- 
tending to tlie rear of the projectile carries tlie tail 
niddnr. The projectiles bang on two bmJ-s perpeudlc 
ular to Ibe flour of the aeroplaue frame. When tla» 
projectile Is to lie thrown, tbe aviator nrtabllshea a 
iissial n-tatlon Mweeu tlie meaauml altitude and tbe 
v..|.a-lty or flight. nhiBi at Hie target, and. by means 
of a laaiid lever, release* the supporting arrangement 
of the projectile. The projectile, now free, nets Itself 
ivilnt downward by means of Its tail rudder. Since 
the two safety bolt* hare remained behind lu the aerie 
plane, the Igniter la In working condition, and when 
the piripH-tll. strikes. I lie trigger pin pierces tbe per 
cnsslim cap, Ignites the Ignition charge, and this aels 
"<T Ibe expl.sdve charge of the projwvlle. 

Slasillng at ncmplnmsi via rriisl nn lust year In 

tin- camp at l1ialoii>. A kite *cvi-n meters In width by 
six mclers In length, retircaeiiteil au aeroplane and was 
lowed by an automobile ami n ice cable with n vele. H.v 
r.f i» klhimctrrs |s>r hour. It was need at by two 
•quints of infantry of tlfty men each, at a dlatniav of 
sin to !«»> inetera. Out of nine hundred shots mine 
i-artrldges for cadi innn) twelve lilta were sinrcd on 
the kite, Hist Is <i 12 f»r tsic-h man. A second ahesitlDg. 
with Ibe xsiiie number of men, at a small kite, measur- 
ing 1-R inetera broad by 1 meter long, gave 05 abut 



|»r man. but at a dlatunisi not relucted. Mm liine 
guns were trained ngtilnst the same target, but with 
lesa effect. 

A S|ianlsh nemftlnw was hit lust November by Moris- 
I'apt. Rarrelro and Unit. Hll-Kloa uialertKik. 
ris'onnauaiuiice on a military Idplaoe, to observe 
Hie puaillon of Ibe inaurKelits. lu tills they Were s»lb 
Jei-t to His* by a group of iioallle troop* which bud gol 
footing on Oniknl Mouulaln. The lieutenant was 
grlevoualy lujureil lij- two sliola, tbe captain was wound- 
eU li>- one shot. It was possible for tlu. offlcer*. ui apite 
of their wiiitmla, to Hy hack again to their own camp 
a jaruof, I llerefore. that even effective Ore doi* Is. I 
alwnya put an aeroplane out of cnoiinloslon, and that an 
energetic aviator, even In spite of his wound*, will often 
carry out hla orders. 

[Translated for tlie Hi iimiii. Aurao vK from R'n'.-a- 
„.c-fi„l»cac Zc;i-i.n/f.| 

New Arrange ment of Mirrors for 
Light houses. Etc 

I!. t'sssiiKL describes n Dew arrangement of 
mirrors for tlgbthouse* In Vamptr* Rendu* Uint 
greatly Increases tbe reflecting surface. "1'hls arrange- 
ment eonaisla of a stepped mirror, which Is cowposcd 

combined with a apberlcal mirror. Tbe different para- 
boloids! fragments all have tbe same focus, and part 
of each project* rava directly to Infinity, while tbe 
other 1st rt, maskesi by tbe sncecedlug step, alao sendn 
Ibe rays to Infinity, but by way of tbe ring connecting 
tbem, tbe angle of Incidence making Hie rays r*w» 
through tbe spherical mirror placed at Uie bottom of 
the truncatisl, circular atvpiiod mirror. Tbks arrange- 
ment of mirrors Increase* considerably tbe reflecting 
surface uml. sbice tbe images projected by the rings 
are not exaiily superposed, it may be used with fila- 
ment tamps. IMfllcMlly having Ihsmi experienced lu 
making Ibe mirror In metal, nse I* ramie of glass sil- 
vered electrically l,y kallKsIk projection under a bell, 



prisxinv In order to prcvcnl ovldatlon of the 



Ultrm-ViolH Liirht 

KxrtaiMKKTS bnve btsm made with a view to .s'.tiibi- 
Ing the moot suitable cnudltlona for the proaluction of 
nltra-vlolet light from the spark of an oscillatory cir- 
cuit, and. In particular, uf tbe "mean ultra-violet rays'* 
used In sterilization and |>hotocbcmlcal reactions. It 
Is found, says J. de Kowslukl lu trtpmpfejt Hmdm. that 
Hi* region of max. radiated energy la displaced toward 
Ibe longer wave .length* «s tlx- current in the oscillatory 
i-ircuit is Increftied, twit toward tbe shorter wave li'iigtbs 
the greater the amount of energy consumed In the 
<pnrk ; It* issdtimi ami luteiislly varies also with the 
nature of the clis-lrisjcs. Ttie lnti>oalty of tlie "utcun 
ultra-violet ray^" lii.-reii*«*s as the freojleocy of Itje os- 
clllatunis dii-resseM. If a resonance trans former Is os.sl 
us Ibe sunns- of i lie <e«1llalioir< a definite relation can 
lie otitaloeit Is-twpen tlie number of sparks per sis-., 
i he capacity, and the f reqoenry of tbe primary current, 
aisl thus the most e.->.iioink- eonitlllon* of working .-an 
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German Submarine Boats 

Interesting Details of Construction and Fittings 

^ _ - 1 | , 











Tin aubuuirluea i if tin* "(JeniUHiln" ty|ie, evolved ami 
develops! lijr Krupt*. Ibe stulidard claw of sub 
murine n, tl-* tmjiertul tferuiun n. ivy. Tli.- Krupp 
firm have a I way* considered the ' diving" boat to be* 
Hit- iiHMtt ctrii-U'iit form of aiibmnrlne, and It may ho 
iiii'iiiliuif*) that their <M»ti1tMif l»tu» its to Ita nil round 
Miperh»rily ure upheld by the lii-nmtu government nuvul 

autburitw*. 

A typM-al Kni|i|i mihuiurtne uwuMures 120 feet lu 
length, willi ii heum of V* feet liwbra, ami a tl mucin 
nf 12 feet Tt In- in**. The illimlticciueut on 11* flurfiine 
I** ton*, mill when -uhinerged 2*»«£ tons. The 

vewct In provided with Iwn hul In. Tin* miter tuts tlw 
Hum cf a toriiedo boat, whli-fa with tlw high fr»<ebo*rd 
nml Mii|M«r»tn>ttiiiv serve m rcmler the bout extremely 
Meauorihy. TbB luiwr litlll W divided Int.. three lougt 
tii'lhiul neelwu*. being hut It up of three circular welded 

WctbmS hultill together. Till* shell \h of HitltVleiit 

Mrotigtli In t-iniMo tin' mi ft to withstand safely ti wuter 
pfffMUM itpjlviilent bj a M*a depth of 2t<>% fnH. Tbe 
nm between tbe miter ami Inner hull* l* subdivided 
lutu a numher nf watertight niittpar(m<-iiK whlcii con- 
tribute gmiil) tu |Ih' «ufel) df the vcntli sliwc a iiuiu- 
Iter of ||w«r in ii y ht- imtirtunil without i-mhiugcrfng 
ih'iitiiiilllty. Tlw water bulla*!, till, ami gamutlne (mik* 
are alwi t-arrleil In thin siutc*. 

Tlu* engine room, eotituiuiiig the pnn> lllng ami nut 
ilinry omrhhwry, is placed aft, tngethrr with a |Mir(li*i 
Of tin- nmwlatnr buttery, Sui fm i- bmNdfliMi i» ef- 
f»*1ed by two sets of four-»j limler, vert Iciil, m mo tine 
it iol or-*. ilclclnpirig fiu aggrctt ti- -if 1411 1 1 . - . ■ i i 
while wheii truvi-ltiLC submerged t«.i rl«tl tfl MOtOtf 
<ew l »pftH mi BfgrtgUle of l!T*i Un^i-mrr nn- bruuirht 
lulu HMda Tlw OBpMHy uf tlw miiwklnry Imttify la 
.MNi kiloniitt hniir*. Furwanl of tin- t'Ugli»y ixmtn «r>- 
I hi- liit*<nial untiT tifllhwt tiitik*. iiiul aitiiiliiliip*! tlx- coa- 
uliiX iMMfi In whb'b are |>ln<t«l all tin* ib-vhin for 
M«**rlnir. Oirline, ami (ualtxilllriK th»» htait. Tin* iimnShi; 
louir. Imilt op ajf Ii.- 1 it |ilatlti([ ba« a «.|.l|-.hn|-l form, 
for tho purt'inr uf mliiiitilithiK rr^lKtHtuv whrii tbr craft 
la trarrllnit MibiurrKwI. In tiw l»ow an* tto- PNOMl 
wit I on of lln> fltvtftaU aii'uiiiulntorfl ami the IotimhIo 
tula* Mi mul par* Thore are two torjuilo tube* nar- 
rhil In |Im> Uiw, while mi the ibi'k. uft, tin>iiati«it 4m a 
hrl4j:i'. la a Iblnl lutw. 

Tlir illrliiK nuhlifa nrv itKiUhliil lu (aiirw. cum* ad 
fhber iHhv <*•"**' afl, wilb mi onllnnr>- vt-rlb-nl 

nnhhT nl tbr *ivm 1**r lateral atitTiik*. Km h motor 



A Krupp aubmarine runninc at 12 knot* on the aurfarc. 

Mel ilrlvea a reverMlhle | r« | ^ .l-r TImi u< - ojnu. itt.it i..ti 
fur the iinviifatiiiK uffteera l» In (be omihliif tower, while 
tb* qnurtera nf the crew of leu men nre lu the btW« 
na la nlno the snlh-y. 

lu the Luke lJ|Mfl of Ibe t^erinmila vUm of -iil.iin-r-i- 
blen, IMear! enirlmn, unhix lieary nil In preference to 
the more volatile mat Inflnmniiihle Riiai>liite, ure u*e*l. 
Tbt*ae IihiUTh iteveloji fnun 19 to l»u>aM>OWer. 
lor nml er water iiarlputluu the uauul dvctrlc imitora ure 
utllliPtl. Tbe benrlpr oil engine* an? mtpfnl In thnae 
Mean where the lighter fuel hi unoMalunhle. When 



vkwff, nflpr wblrb It la returiml to Ibe Interior. P>" 
Ibla tm - It b i ■ ■ - I'll for (he <Taft lo renuiln muter 
wider for twenty-four lemrs ut a time without tlw itvw 
rxiM'rletK'Ing iiny tiMvinvnilraei* «r HltHfiilty lu lirealb- 
liilT. Tbe ele»-1rlr nreumu tutor oMii[)ttrtim*fit« nn? bt>r- 
atetti'iilly m*ale»l »•» im In prevent wuiie of : — ■ - . - . . ■ r 
cum* Into the Interior, and to prevent tbr nullUm: of 
ihe rwntent* thmnxh Hm- n.llii.i: nml |ot< iilug of the 
ImiuI wbeii iliving. Two |wr)aeo|«-< nre i-arrle«J, the 
tube* of wbleb an* enrh i« '$ feel In leiurtli. wbU'b 
l*-imlt» the .-raft to Ih> iiarlKiited ut n ile|>th wlwr*- it 




Krapp aobmeraiblr boat runouiK on the surface. 



jpuurillne Is iiMnit, aa in amne t>(««, Ibe railltn uf aethm 
on che aurfaee ut (be retliHttl P|ieetl uf nine kuola la 
IrllO inilra, vrbllf milMiMTRiHl It In 4.~i in I lex nt the apm! 
of •>'> koota jht hour. 

Kiiet-hil urrumeeim^ntN have Intii miule In aeeune an 
u<le>iaute ventilation of the inf. Mor> of (be Ihmuk. 
l>urliie aurraee ofHTallniM the nlr in 4m WD In from 
mitftitle. WIh'U truvebng Mibtnercnl, lite hi'iitetl at- 
iniM4|i|»err of the enirine, nml the evhuleil ulr of the 
errw. la drawn off thniuk'h vintlhitom uhlrii turn* it 
thnHiith larhHiM lilterfiiy, o»>«i*»ulhic mul <>• \u£ tie- 




Tbe twal awaab, with ronning lowrr partially submerged. 



In M-eore froBi the Ore of projectile* of an enemy. 

Variola MiMy applluueiw are KM to prevent tbe 
vi<i*el being |wuvd K*#» rfr tumtrtt ell her by biaillle 
tire or neeUteut. The wuter bnlbiH-1 liinka fM lM eui|»- 
tl*»l of wuter nml t-loirgvil with rutnpreaBrtl uir very 
rapidly, thi-re Mng a rt^rvolr of 1— t 1 ^ enbte fi«et 
eufiaclty eoiiatiiiitly nmliitaliHil miner high ItfMMfl for 

tbla jHir|NiH«'. In oribr to fm-llltnle tbe - j nf ttie 

veMMel, the outer hull l» fiii'nUtail with a numlier of 
idiaeklea. to wtihh Ibe liawwer* of (lie »uibaglug appll- 
ancv* can be attaciird fur rnbdng Ibe era ft. 

A ti lrphniM? win* Is nlao mrrled wherehy GWMBHalc» 
lUttl s* lib (he interior of tlw ttiltimnrliie fnan the Mirfmv 
can 1m* maintained. Tbe miter cud of thin line ]m 
aitiM-hed to a hnoy uhieh run t»e reb'uwtl antoiikatli-ally. 

Variution of the Size of Drops 

trim u ilrop l« iletin lMil from a ea|illlar> nrlfiie. the 
l«rlmHer of like Mtlloii of rupture Im etdiuhlcrnhly lean 
t till Ii Hint nf llw or I nee, iiltd the Miirfaiv telmlolk 

l *.-l aii-nnlliig lo Tale'* law is mwh Ino nmall. If 
h uxunlly a<««uiiM*il that the wetcht of the dnt|« l.t iu- 
ile|»-nilent «if tlii-lr fre*|iM*iM*y, m U-in-h- aet aally IIiIh 
Wflgbl ihiniN ti eoiiihimil variation, wbhh itiny MMPMl 
a miartiT nf the total welrfit. The result* of tlw 
ntltborV ■JWMHVWMjatM >lmw lluit the WllfjM nf tbe 
drnp l» at llr>( MeiK-lhly r»nt»<tiiiit iiimI that It twglnN (■■ 
Imreii-w a» h*«mi ii- tlw fnipu-urj -urjHi **eM \trr 
minute. The lneri*iiM> Initially riipiil. hut later pro 
(VttfjN more »h*wly ' until at a fn<i|iwi«-> of I* ai I the 
ui'luhl |HM through n mnvlmum Ag tbe fre«|m*ni-i 
lmn > ii**e>« ■ "t in m..-i-.|> tlw m-eight of the iin«]» evhthlt* 
Hirer further luuthuu. emh grenler thun the prvt^llng. 
mul M iilw*ei|iwatly iip|-wr* (■■ dlinliilHh t-iMitliiuiutHiy. It 
1h evblenl thai, when the PWMWfjJ fnipiemy eauae« 
1|lo tlliutnutio«i of tbe volume of the ilnm tn IMN4 11 
-rial n limit, the diNm . --m - a dllTereut form, i ■ - 
hiige f . i. one form to the utlker being In general ami- 
1 1, ii. I\ Vulllnnl In Cumph* i: w-u,- 
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Artillery for Airship Attack 

SjKfial Designs for Guns, Mounting, and Projectiles, to Meet New Conditions 



Am m having Mmllttl (be problem which 1m presented 
l-v (be conditions of Arlug lit ohJectH fit great height m 
nml at Hit hiil'Ii* *ncb u* i« required for use itgalnM 
■ IrMlkliM, :n ri |.Liin-w, nr ImIUnmjih, the krupp firm has 
hrouuhl mil three general r»|»- ..r emmon, nieh of 
whieh In ndapted foe a Kjieclal fcMt In Hie tlrwl place 
we Iwii' Mm* mure type of 1-aiiiiou with field 

lllollMllllg, Willie U KCCOQld I.V|H! IS eotltl meted Willi ■ 

view of being . 1 ' ' 1 1 1 u|«iu ii motor car. Foe am* imi 
shlptpoiml they design n thlnl ty|w\ Illustrated In mir 
engraving. In Mi- mfotid hihI third en*»* tin* caution 
L« designed to lie ntpldly rotated Id nil directions by 

Km' IMC i f a Central plvi4 ttnw. .MU'll lis is Usually lll> 

dialled on tww'U ntnl for <vm»t defense use. Oh the 
other baud, the field gun him Iim wliwlu arranged mi us 
to turn ujmki pivots, which nllowtt of placing tut* wheels 
hi the crosswise illrrdliiii In the position here nlnmu 
In order to give effective result* It Is found tluii live 
angle of elevation iiiiimI lie nl least 70 degrees, iiimI the 
Ik-Id mm t» designed to reueli tbU angle. The automi*- 
lillf hihI ship rnuooti will, however, make ii grciitcr 
angle, the maximum being for these two type* M high 
jim 75 degrees. In nil these QOM n rapid rate of tiring 
trt given by mi autumn Ik nfa*ntiig nml chsdng of the 
hreeeh. Tlir cutlher bun l*«en reduced as much us |mw- 
slhlc, mn aba the weight of the projcettle, while the 
lone bore given n high Initial M|*eed Mn- mIhM. hihI 
dlmlubitieti the time required to attain Ibe mark. Owing 
to the lessening of Ibe rail Iter, gre titer lightness In oh- 
(nlned, nml this In a much to lie desired advantage. 



t>npt<clttlly In the Held nml the automobile, tjixw of curi 
SlglilllJ* In inrrltHi out In lb« iii«M ♦^llclrnt nimiix-r 
lii tbc ilw of an niiiroiirlntc form of elghtlng teleHeopo 
In <siuiMumii.il with a o*fn*ni1 Aiuler wblcti ruveni n 
wiih>r rung** of tVM. Tln«rv in bImi a mnp* flwlpr by 
nlikh the AHtAMM I- ArM oMnIimiI, mnl afterwan) the 
Inilb-atliiim an* illrertly rtlven ho mh tu U- able to \*Aut 
i In' cut] for dlffi'trnl iK-icbtK of (be nlmbli* «HlKia( torn 
• >f time, nnd thwt tlw? aw of Arimc tnbli*ti In tliHiieimnl 
wltb In nil tbenc enam. 

Hie i|ikn»<1l<in if tti4> Iclnil of sl.nf wbb>b Ik lient 
mluphil for (IrhiK til* mi bullootit or uln4l1p Is of prtino 
liii|KirUiucv ; mid tbU matter bus been niiuK* the obksrt 
of n omabrr of exfieriiiieiUa. It la rwocnized I but 
Hhrnpm*! will ppff|prniit> thp tuilloon enwlofie, but with- 
out dolmr much da no* ye nt leart of an tintniilUto na- 
ture, neehu; tiiat the bolts are cloned again for the moni 
pnrt by tbe Internal pressure of toe pin, «*i tbnt the bm* 
of uiiH I- tint ti rnplil one, nml the nlr*tilp U nhh> to 
rmch a plan' uf Mirer y In Ibt; nnijorlty of mara. It U 
fiHinil that the mont elfective form of jirvdeetlW* It a 
Mpeciiil kind of grenade, wbk'b la itariicned to explode 
In Uie Interior of the balloon anil to brlnx ithout Igni- 
tion of lh« rhh. The new proJe**tlle deMlRiiext by the 
Krui'i* Arm It Intended to uee«impllKb IbK nnd at 1 1*<* 
same time tbe jHtth of tlie prvtJtH-tlle frotn the time It 
lea vph tlw tfiiii ran I* followed by the us* of a i-perla! 
-uii- 1 be producer carrlVd on the ntnvt. My observing (be 
l nil] of smoke the tnuiner len rn.t w hether the shot 
ctiinen near the murk, mien tbe projectile lenvea tbe 



jtuii. tbe smoke prwdiirer hna been set wrorkliig by mi 
npiiroprlale device. At i>khr the path of the ubot l» 
ttlll followed by the llxbt wbk'b Ibe imoke imKlueer 
airea out When It paWl rates tbe cnvelnqio a rery* 
wnaltlve device canaea the dHoruilbiu of the grenade. 

In the eaae of tbe Acid ran mm. which turn a o\5 0MII- 
tiieter Ixire 12.11 liKhev), the weight of Ibe gun Itself 
b* 773 pouudt nnd that of the clwssU I.|.%1> i-miiwK 
making it Lntul of \SKX» pmuids for the camion when 
pretnired for actual wrlce. The gun mil In* turned 
nbont through a complete circle, and lunt a maximum 
Tertlcal angle of TO degrees. Tbe nelgbt of the proiec- 
tile fur thla type Is 0 rxianda. The Initial speiil of Ibe 
shot 1m 2,(fi0 feet per second. Wltb the Acid fUD It In 
nosalhle to coTer a maxluiuiu range of 2\. r i50 feet, anil 
ft maximum height of IS.SOO feet. 

Of a hearler build than t he former n ml n b>o of 
greater range. Is tbe aecoml type of gun of 7.5 centi- 
meter ( :t Inch > calllier, whb'h In detlgited to be 
ninuiited uiioii u heavy motor car. its we rcinrcacnt It In 
oar engraving. Uke the former. It la pro tided with 
hydraulic, recoil hnike, and In the preaetit cam there 
Is uamI a middle pi rot. For elevating nnd lowering 
Ifeg gun through the required range tlM-re U used a 
double-lootbed sector which Is driven by pinion nnd 
crank. A injiocla) nrrangement U used for the rota- 
tion, by which a slow movement Is obtained, but a 
•julck rotation inny alao lie given by a more rapid 
imfhanlsm when It Is needed to tarn tbe gun rapidly 
Into nny desired position. It la to he noted that, owing 




The .Vlarh Impounder Krupp field piece for airahip attack. The weapon can be brought to a 
minimum elevation of 75 degreen. The motor ear on whhrh It ia mouated ia of 
54 horae*power and nan an average Hpeed of 30 miles an hour. 




The 4.2-inch Krupp gun for aeronautic attach, 
on a naval mourn. 




1. Nine-pounder gun in battery. 



It Area a smoking shell. 2. Oun carriage may be swung In complete circle around a pin at end of tall, X Fllghl of idiel! 
marked by streak of smoke. 4. Twelvr-puundcr for -tup- and fortiftrationa. 
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to tlii- high speed which the airslii|ra mine, such 
•piel. movement* are one of tin* feutnres wbtrh nwd 
to be ea|«*elall> <l«*Kigl»-<l in the case of pins tor bal- 
loon tiring- Tbc weight of Hie tab Itself, or 990 
is.iiuds, combined w ith tbc weight of the support, 1A10 
|..ui,ds, gives » t..1»l weight of SUMU pound, for this 
type of wo. We have here 111* maximum angle wbkh 
k* readied lu the Krupp cannon, iir 75 degree*. The 
weight of tbe projectile U 12 [NiuDtl*. and the Initial 
speed 2.t*lt> fori per second. Tbe maximum range Ik 
about r»,ii<«> fori, mid the greatest height about 20,100 
feet. As n*tfitnl!> <lw aulouioMIe ear which U designed 
lo lake I be |irpnenl CHumiu. tin total weight (exclusive 
of the gun, Ik s<i ton*, and II bns an average *l*>ed of 
.10 miles an hour. 

OwIdk lo Ibe fact thai both »ih*« tire driving axles, 
with (he lew* of II0 horsepower motor tbc automobile 
ear U aw.' in travel ovrr very dlftlcitlt gronnd, and II 



easily mounts very strep gradiw. tinder the front aeat 
Ik a roomy cheat which holds a good supply of tools and 
extra nttllutx, and special attention has been given to 
tblti isiint so (hat Ihe ear will not ctirdly become dls- 
nlihil To make tbc platform of the car as steady a* 
imsslble during the bring, tbc platform Is cUmpcd tight 
against the axle*. The thin! type of cannon Ik of a 
much heavier build than the two which precede, seeing 
that In thU cane it U designed lo he mounted on alilis 
Isainl. ami bence the weight docs not need to In* re 
.In.isl a* In the otber ca***. II Ik of a considerably 
larger caliber, thlK being W't ceiitlimlors (1.2 Inches. . 
In ukikI of the detail* it Is deaLgucd on the name line* 
a» the eecond type. It la liilcuilcd to la- mounted gcti' 
orally u|*.n torpedo huatx or swift cruisers and nat- 
ural]; tbe gun can he brought Into service an au ordl- 
unry ruuoou In caaca where it Is needed. Par tbe gun 
proper, tbe wrlght la 3,0e» pounda. while the rapport 



weighs 3J2i> ik'HIkIk. giving a total weight of fl.OTO 
IkiuimIk for Ibis ly|a*. Mke Ihe former, tbe angle of 
elevation Ik io degns** at a maximum. Tbe projectile, 
weighing to isninds, has an Initial Kpccd of 2,.'wto fe»>t 
|s*r second. A taorlumtal range of 44.MO feet Is reached, 
and we barn the unusual height of 3T.620 feel. 

The iierscnt types of gun have lwn given a ai'rlca of 
lent* by firing vpon captive InltooiiK, iiihI while the 
practice on tbn«e nin> Ik> f-oiisldered fairly nutlKfactury. 
It *-aiiiii>t Ik* tiMirtldrnrd iia anylhliig more than exia*rl- 

t till, anil the rcKiilts ore only appltcatilo lo Hie lKjr- 

ll.-iiliir comlllloiiK of Ike experiment. 

In actual warfare tbe c»|itl>e ballooii wi«iJd neMwu 
n-iolrc eoiisiileratlou. utal the nil vnliw of Itxw new 
claaaeK of ordinance Ilea In tlielr cffii'llvenexa agalnM 
big alr>-lili» provided with gum and Itotnlw and Ibe fhKt 
aeroplanes of the acout or huiuhHlroptier. and for this 
work rcaulta with tbe new gum are jet to be nbmvu. 



Exploding Mines by Wireless Telegraphy 
lly Dr. Charle* Forbea, OtluaibU UarrenUr, N. Y. 

Tut: iM'WKtuiiK'r llixiiiiiitx that have appeared fnaol 
IIiim- to time III rcganl to Uic cxpl.OiMi of 
rlnc nilnca hi i«iio ic- of radkelrlegraphy inlgbt kanl 
«l- .H-illlian r ler lo la-Hcve lla-re Ik .langer of cxplod. 



Internal enda of tin* txnte la to be nearly tilled with tlllngH 
ul nickel nhont II pnrta and ailver I part. If the pure 
inetala are not availahlc for the filings nickel aDd silver 
A trace ot nwrniry. which 
i< deHlrahk. may la? n-iircd by iiii.iilgHiiu.iiuK the li»- 
of the nala In tlw ghiw tube. The ixiberer 
he illlnga. In tbe 




Experimental apparattu used to illuatrale Ihe explodiag af a aabtaarine mine 



.Hid mine, |o.atnl III hariKin for .l.-l.-lw-. Ill the daily 

..f IIh- wlieie» l. l.icriiiib. Sa. h an cienl i nnliot. 
Iu'wcicr. lake plai-e wltliml (lie ihtiTiioleiti of li|>fM(- 
ratliK M|K^'liilly ciMlat mi"te*l (or the |iiir|in^. 

An IntercKtlng laboratory ex|M'rln.ent tllllstriitirc of 
it..* Kiitiji*i*t may he la-rlornml av rollowi.: There niiml 
K* apiairntilK for gineratini; Ihe clcctrli wate*s kieinu 

t.ir riKviiing the ImpriKKloiiK prialniMl l.y ira*iu. I.Ike 
llic telegraiib ami t.>b*phoiie the IranwolltitiK ami tlx* 
ri-celvlng InetnillM'lilK are eaacntl.il. For the laboriltoiT 
operloietit tlbe trnnHmltllng apruiratuK may conKiKt of 
the uaanl anialetir .mtllt. In Ilk* j.Deciice of this the 
Kparka from an lulliieiicc electrical machine, lb.* In.liw- 
(Mi .-oil or Ibe l>vden jar will he .unVicut lo a.t up 
tlic Tlertxlau w««ea, In tbe almpleat fotui the l«.v.len 
>ar anawera tbe |nirtKea> very well. Tbe receiving 
.-tpiaratiiN ciuiHtstK of the Pranly coliercr. wliU'h la 
plil'Td In aerie** with a aoltahle elcctrl.- hottery, two 
ilry cell* Mug nunV leiil. and a n-l»v. w l.l. li In m lloii 
. liHtea a ae.*..n.l clciirlc clrcnll general.*.! by um.th.T 
l«ilterj- of two dry celtt Thi* corront l« .■ondnctod by 
<*omDiuuk*ating wlrea to tbe exploding fuse in the niloc 
to be explmtnL 

Inspection of tlx* illnatratlon will Know Hie wiring and 
lla* arrangement of the apparatna for tlx* laboratory 
experiment. Kig. 1 ri'tircaenta tile lA*y'.b*ti Jnr being 
dlai harged by the diacharglng roda. Klcctrlc wnvea are 
n*|>r«»*iited naaalng ontwnrd In all illreetlona ready to 
Impinge u|«m receiving apparatitK nil. Ml.*. I In tlielr i-atl. 
Fig. 2 reliccaenta the reivlvlng ii|r|itlra(OK. 'Hie cttt>crcr 
Ik ut .1. ttic Ikittery at H. the r.*liiy at ('. the relay hat. 
tcry at f. aiwl the mine to be cxpl-aleil at K, realUut In 
n tank of water. 

On diacharglng the Leyden jar, tbta la what takea 



ward through H|*aee, and acting on the coherer, Ita 
battery la act In operation, thereby closing the relay 
nmilt. whMi In Hint nctuiitea tin- (n~*. when tlic 
rxptoalon of tbe mine is effected. 

The t*«*-rnllal [Kirt of the rei*oiv1ng aininrat.iK Ik tin* 
.-obcrer. The detail* of Hk •oualrii.-tii>n are reprwf itcl 
In rig. .1. A glaaa tola* »t».ut 2 Iii.Iick In Icnxdi Ik rep 
rewnled at K Into this there am nttcd, rnlher »lnlgl>. 
l.n.sK or copie-r r.wlK ti ; (tic Inlenul riida lielnx -k»i«i 
r.iti-.l ,itH.ut oim* eighth of an Inch ami Ihe exlernnt m..1m 
linving motnl ill*kK attailMil, aotiimb.it target' (ban 
Ihofc rrin-ewltited In I'lg. 2. Tbe k|hi.*.. lirl«.T.i tl». 



."lelitioti. offer a high nub-laim* to the pawuge of a 
biiltcrj nirrcnl of elci trl, Ity : when a<1ed ■■ I • -li by lb.* 
electric navea Ibey arc sabl lo cohere, offeriug much 
Ii'kh reKintancc, tliercl.y allowing a mtlcti greater electile 
.nrri'iit to |*a«a. ThlK la mulV lei.t to aclitale liar relay. 

Ihe miniature mine to la* expbnl.il ia nrpreaeotral la 
I- lit. 4. ab.au Ibe actual wise. It conKlatK of n uietal 
a rubla.r »t..p|«*r Inserted at lln 
at tti 

Ktr.|H*cr tbe liiHUlated •■onilu.ilng wires from the relay 
bnllery pasa. The torrulnala are connected by a One 
Inn or platlnnm wire, which Is Imbedded hi the gun 
irowder hi the Inctosed cbatuher. Tbe line wire on be- 
coming ineandcai-ent Ignites the iwwder and tit* exjilo- 
kioii takea place. Intereat w ill be added to tbc expert- 
meat If. preceding the exidoaion of tbe tnlnlatnre mine, 
the cbwure of the relay current be made In ring an 
electric done bell, anil If by tapping (he whrrcr, the 
ringing may tie .l!»i>iil!uiied lu a similar innnnar elec- 
tric light* may he llglilcd on Kiihatitntlng Ibe clc-tri.- 
light current for tbe n*lay hattery current. In actual 
|mlcti.*e Use x lullng n^nratns of tbe wlrelcw lel««Tln>h 
would he used to a.*l ibe ether winea in aw1l..n and the 
Mibiuiirlne mine nnuld he aitai-hed directly or Indirectly 
to Ibe receiving npiMrnin*. rroni the nhovc described 
cxperlnicht, 11 Ik .piite ec|<n-nt that the accidental ex- 
pbedMIt of milM*< and other inagaxlneo of ex|ilualvea by 
inentis of the llertxlan waves b. very ilniirohnhle. All 
explosion by elect rim I inrtuclton would he a very differ- 
ent thing, and .-.ml y lake pla.v at » .IMarav of a 

few feet. For lis .avurrcne*. »|a*. l.illy iirmnged nppa- 
rnt.iK would alKo Ik* n.«-,-«a;irv. 



of War 

lit this caption Dr. B. Helme. writing in U Xexapa, 
means to lnda*ate the rougher side with which tboae 
ImlMdHslK come Into (■aliifiil .*..nta.*t wlto feel within 
their ov. il skin*, the effi*. tK of imulcrn ucil|<ne> To 
tl.i- qiicwri.m : \VH! war lie ni.ice munli*r.rus In l!»e 
furnre*f thlK i-\|H*rt ..newer* wllli an unlM'-<l1atlng nf. 
Urinative. War>, It Ik (ne*. ir.-li.id of In •.ling a bun 
.Ircd, thlHy, or seven icmck, in In bygone ilayK, now 
Inst only a fevv ninntha. It. H this. |». ,„,-«. simply 
incjns lli.il the Mows ale l.«ul.*r. i.h.I the .v.inl»<t:inl« 
ace u..r,er cxhamitH. The lllls>..J: M ,„r l ..s,. »„ r l...lml 

only elgbn-cn month., but in.. Iw.tiv .*( Shn llo, in 
days. Thus, allbiKlgh Ibe 



uuuiber of klllert and wimnded |s~r day lu Umt actual 
righting of tbe I'raucietiermun war may have beeu 
greater, the aiaww In batlU* In tbe Maiichnrlaii .aoipnlgn 
were umcti giealer In Ibe aitxregjte. Tb<* truly terrible 
fait, however, ha IImi ttuTcnsIng pm!xirthr.n of liMtrtnl to 
uoji-murtnl wr.uiuls: lu the FraiiciKieruiHii war of 
ISiU-'l, the ik-lorloua army lost ten men killed lo every 
."^ wounded ; In UM>i4Kf there were ton .(aiantcse kllloil 
to every M wounded. 

(Aiming to the explanation of tbetw facts. Dr. Hetiue 
dltunlsaca as 'a tmubleaotue IcCCQil" tbe story that 
modern bulleta, being am-tller and uiovitut more rapidly, 
lulllct lews serfcMQs w-ounds. ]U*ally slight woumls, be 
luaintabia. benl more iiulckly mid uuire thoroughly imw- 
adaya than foniwrly ; hot the severe wounds are no le*»s 
seven* ami ri.u.Hi more frenuciit. To illuatrale this the 
writer L-onsiilerK, Hnst. tlur form aiv.1 slni.tun- of pn.- 
an.l ll>en Mr tnollous. The lam* vrll 
iudri'ls seierr alaJ.«niii»l wounds." and Ibe 
Ja|.iiuaae cut atal (hnint baymiel "is Icrrlble"; but the 
wrllcr's lualn tbeiuc Is tile erTis-t of pr.tje*-f lies. 

Flcsi i-viibos the ride liullel, "bill ycstenlay the guiK*ri 
Murderess of Battles." The llerixian bullet coudstK of 
a core of lead burdened with iinllluony, covered with 
a siis*l Ja.*ct. It la none the hiuj elbcaciotis Iii-ihuk* 
lilt* Jacket o(le(l .«HH*s off Ulal leis oil its own luivmiit 
as it jagged fragment of incf.il. la.i-rallng the buui.ni 
lusty. The French bullet. tleMigh not Jtickolcd. Ik no 
kinder to the enemy. It Is longer nle| shi.qHT |..l..l.sl 
llwn the (iemuiii. ai«l in mmle <ir a tnlxlnn* of n^.|a*r 
and line. Ilcrvimlnz brut by rlcm-ln-tllng. It somel lino 
Cillers Us vIhIi.i'k lssty tn I lor* slw|ie of a Issik : kuiih*. 
li K it -tlMlinles" lu ItK flight Il l's bnillilsilVl'-oll, ami 

innkiw a b.ng. gaping w.miid. 1'p lo a range of Stat 
meters tl..*sc rival liornrrs niv* one jik l.n.1 ilk Ihe «.lli*r. 

The gravity of file woun.t* .h*|»-ilil« on » multlllMle ..r 
.vislitlotux (In tin* nsts of San Jiisn, where the b.tl- 
lcl» rlcoebettnl In nnnilerful fitshlmi. Ihe Anictrtci... 
sitrgeona reported frlgbtfiil Injuries. It was the same 
at Hplo.i K>i>. lu tlve Transvaal, It use* I lo be mild, 
optimistically, that it bullet heated by friction in tin* 
Imrrcl of the rllle would resell Its ol.Jcv-t aseptlclmsl by 
frli-tluu ; but this ho|*e Iuik lieen di«|ielliKl by tts> re- 
searches of von Koter. slaving tliat the leiii|a<ratnre 
of tbe projectile never inm^. wltbln many degrees or 
Unit which Is necessary ror the destruction or nibTols-s. 
Tlic >-ruelly of the mi«|.*vti lo.llct has beeu uinnnwiinl. 
t.v., with the IniTtstru* of its rotation, so tlwt it not* 
isit only as a club, slrlking u heavy blow, am! :i |s^r- 
foratlng lK»!nt, but also as a gimlet which hovrales lire 



Itut bullets, after all. are mild agents of d«*irucib.n 
v>la*it ivitliiaireil with u|K.ntnte slwlls. The sln-11 
wounds In the war of |s7« were only It! |a*r tlioi.si.inl: 
in the Maii.-t.urlau .-niniotlgn llrcy wen* ITU jier thou 
sand; In tlsr* Italkan war of 11112 ll.ey were four tin.es 
n« lllimeroUK m III I*"" Tile slirapllel rdldl bus tlic 
advantage I to Its cmplojcrt of scattering ih**1 nsr-l Ion 
I i.v ineatoi of some linndrists of o.inll round Indicts as 
well .is Us* friigiil'-nls of the .Ml Itself. This "ilevlts 
wittering isit," as Ibe llusslan soldicfn ntlhsl II. works 
treat within a radius of 10 lo nu meters; at 10" meters 
Ha "dewdroiiK" are (.1111 lively enouch lo |*H.c1tale (1 
centimeters of |dne board ; at 300 meters a turban will 
protect Ihe head from their efforts The mrtuoua In- 
cisions made by abrapnel are particularly dlfllcull to 
rllKlnlect. Hut In spile of all H,!k. and though the car 
nf Mtr i>h"*l liiiiN|# , n«l v-ptrrmi I* w itil iitrn'or t»i bortnih- 
1«i (I.*.* lU'Hth-wtim nf Mlii'xiH'W roorlimil, Cli<r 
< viii. mtMi kIm*II In n-nllj nmrp u-rriMr. 1W f nijrni*-ul», 
limiikxlit In * >vry h\s\i ti'iiipcnitiirr hj the nt|ilu»tiiiti. 
"t>iini llir tV*ili >*» :im l<. i-*t(ii|r»'l r-rit-tj <tf ac-uiy nhkli 
only iiMirplilm* t-mi lln- lnnr<« nh«>tU -nf 

r( H - iinviil minM "n"t miIj- •m tlt»* nu.irs, hnt **\>hy -xiMr. 

Irr ll.*lmi*'t. ulii.lr ft lln* nmvwiwnit of i»r»J«slltc« 
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sues, should be tuluulely Interesting t.i lljosc wtsi love 
"the pomp anil CttHMHM "f g U tl— war." It* 
effects on bones, In particular, lire I'laKslllcd as: (t) 
explosive: (2) commlnutlve: <:t) contuaive. The first, 
rfxiUliiie when the riiiiEc- la nut greater than 500 meter*, 
splinters the Isvne so llwwuaMf ■•« 10 explain the fre- 
quent accusations of using explosive hullet* which have 
tssvjinu a feature of modern war news. The secimd, 
proper l<» the mile of from r*« • l to I.OHI meter*. Is din 
i iiigulsliisl by the danger of br I itglng with ft frag- 
niint* of sollisl rMhTTHi MHftBg IfilajWati These 
••ftiH-lw nre nl^erved isily In the liiiiln lssly of the hone; 
In thi> et«ingy extremities there Is lew luirm done 



cxivpt utieti the extravasation of blood bring* on a 
diseased condition of the Joint. 

The effects of jvrojcctlles on soft tissues and organs 
■villaining HijuEOk has lei] students of the subje-t to 
some highly Interesting experiments. A bullet fired nt 
M ftrtj metal row I makes a smoll bote holli entering 
■Od leaving. But a bullet fired ut the mime kind of 
vessel tilled with water, while It enter* through a small 
hole, an before, leave* through a lagged opening 12 
ivutlnieter* wlilo. Thin very fairly lllustratrs the 
(fleets' of u bullet U|s>n, say, 11 human stomach. The 
explanation advanced hy the experimenter la: "In Its 
passage, the bullet carries wllh it molecules, widen arc 



of very small mass, but BttMVj with great rapidity: 
the**, being projected In nil direction*, bare tbe effect 
of coiupreeslng the inert molecules (of the surrounding 
medium) and an outburst of tbe wall of tbe vessel 
rolkiwa nt the egress of tlie projectile." And so It la 
that bullet wounds In the stomach, bladder. liver. In 
tcstlucs and Ixead. recelred at short rnnge. produce 
veritable explosion* of these |Mirls. 

Tbe writer ivvnclnde* hi* discussion with the con. 
solution, such as it is. tlkat scvetn«e and hniniinity ap- 
pear In a much better light when we consider their 
achievements for the benefit of the good nwn who are 
wounded In their i-mintr}"* service. 



Using an Economizer on a Hot-Water Heating 
System 

By W. I Dnrand 

Tin. u>c of an ceoiiomiier for besting wnler for ■ 
forced bot-wster system U sulBcleiilly novel to warrant 



was installed scvonil 



l.i 



The original bcutun; syshtxa 
years ago. and a llve*ioniu h 
l»jwcr water-tube healing Isdlcr were used for heating 
the water. Because of rapidly Increasing demand ou 
Ibe heating system, us new buildings were added, the 
Isjller niwl beater were of insufficient capacity. Fur 
tbe space where Ibe holler ww located ■»« 
1 a slentu lM>l]er to take care of tbe In- 
I OH tbe engines. 
The power plant consists of 1,800 horse-power in 
and an cuclue. low pressure turbine 
It was found that greater yearly economy was 
by using Ibe exhaust from tbe engine* In a 
Ing turbine I him for healing tbe 
wnler for the beating system. 

After examining several different plans, tbe final 
selection was mudc on the basis of tbe inliilQinm total 
aiintutl px|s>njie. although the Brsl coat was the 
Tbe system luis now l-oen III sntlsfuetory 
the greuler pull of tlie present licatlng 
leading fealures are as folloWB : 

The IWI horsepower benllng boiler was scrupped to 
make room for a new steam holier, and hcutlug aupfi- 
ralna waa Inalnlled. partly In the form of an eeono- 
mlier and partly as a bulling bollor, and aufilcicnt 
altogether to prorlde for 05.U00 square Teet of mdU- 
tion, which allows for all pu«*iblc future exisinslou on 
the preaenl property. 

The Hue gases left the boilers at from T**> to I3U0 (leg. 
Kuhr. An economliter waa lnatalled to utlllie the avail- 
able beat, which was estimated to furnish about one 
third of tbe tola I re-iulred for the system under tnnxi 
mum weather eondlllona. On IhN lm»ls, iimreorer. the 
saieue estimate Indicates a ca]Hiclty sufficient to provide 
for SO I" 60 1s t cent of the total average beut required 
throughout the heating season. These ratlmubM indi- 
cate Ibe economy whieb Ibe use of the ccniioralarr may 
be esisM-ted to secure. 

Tttfi MitrtiuiitlM'r c^'ii^lnts of forty four hvcOoiim, cttclk 
aertlon 10 lubes wide aud each tuts. 12 feel long, malt- 
ing a total of 7,200 -sjuure feet of heating wirfnce. 
The branch plpea were Increasetl from 4 to 10 Inche* to 
aeeonunoiUte the large VCMfOM of water thai Is to be 
handled. One 2>6 Inch safety valve waa placed on ench 
end of the coonnmixer. H waa found Impossible to 
dxer in the power hoii-e. and It was. 



In the accompanying Illustration. A 

frame inwl corrugated gnlvnnlied-lron 
built over the ceonumlxer to protect It 
• weulber. The roof Is made In 
i to permit of drawing tuls's- 
To iwwvlrte the Istlaiice of the 
. a 

Installed, so that In euse 
It should ever be desired for power rmrpoaca, no 
ehillkgeti would tie nii-casary. Tlie mily «|*cllll feature 
Is a huflle-plate In the comer, so arranged as to pre- 
vent Ibe water from short-circuiting through the drum. 

. and can lie taken 
i If tbe holler 
la to be used for power purposes. Tlie water enter* 
the rear of the drum and flows down the rear Header, 
up through the tubes, up the front header, and out at 
the front of the drum. Tllerefon-, Ibe llow of tile 
wilier Is ill the same direction ns the natural clrctlln- 

Itoth ec.nomlxer and boiler tire provided wllh bypass 
cuniiectlolus so eltln-r can be run wit bout the other. 

The dampers In lite malu smoke brcrclllng and III 
the Intake to tbe eeoliomlMT nre emitrollisl hy a ther- 
mostat bsnitisl In 



On account of the long run fr<im the Isdkr to the 
main breeching, a balanced draft system waa lnatalled 
lo prevent the gases being blown ant of the furnace 
door. The fan used la a centrifugal blower of the 
mulll vane typo and U controlled hy a thermostat 
located In the flow pipe leaving the boiler. By the uae 
of the two thermostat* any desired temperature la 
mnliitanitH] In tbe circulating water. 

Tlie water Is circulated by * doable st 
gallon per minute centrifugal pump, directly i 
to a motor Tlie present pump la kept In reserve for 




use lo case of emergency. An interesting point may 
be mentioned In connection with tbe circulation of the 
water. Two method* of pumping have been tried with 
the system. Iirat. pumping tbe water through the 



; the suction side of the 
i to the bollor and econoinlser and pumping direct 
to tbe beating system It waa found after trial that 
setter result* were obtained with the latter 
, which 1* the one now Id use. 
added economy Is gained In the use of the en>tu> 
hy connecting it to the 

Is not used 

for the beating system It can be used to best the feed 
water. The feed water now enter* the boiler at about 
Mt degrees; If It laiaae* through tbe oronomlser It Is 
raised to between 2M) and 2A0 deg. Fahr 

In otiernttng nn Installation of this kind, care should 
lie taken to slwsya keep the pump going. If the econo. 
miser Is to be cut out or tbe pump stopped, tbe data- 
ller* to the eeonomlier should he fully closed, and If 
possible tbe economlser emptied of water. If this is 
done no danger from an explosion need be feared. 

Waste in the Dnua Industry* 

Is 1900. according to the Thirteenth Census. 1 1,021 
otnuMshnientA making brass and bronxe pnslucls sjient 



for material* •!W.22s.(lt>0, If It he awninnid that « per 
tent of that amount was for inetnU |»,«H),0l«) Is spent 
annually for raw melala in sueh establishments, which 
do not cntnprtsn a third of the whole number of linns 
that melt brass and bronxe. 

No attempt waa made to procure data ou the tonnnge 
melted, but ten firm*— manufacturer* of 
listed under other beading* 111 the < 
give such dsts, the total being revt«»).t«»> pounds for 
the ten firms, some of wbkh are not exceptionally large 
If a ratio of melt to metal bought of 2 to 1 be allowed, 
the figures quoted mean that 20.000,000 ismnds of useful 
wn* bought at a value of about Ht«»>,000. In view of 



brnnxo product*, but fumuming replies to inquiries, a 
conservative estimate of tbe value of tbe metal bought 
by such firms would be about six times that bought by 
the ten firms mentioned, or, say, t24.0O0.O0O, which, 
with the »N<1,0IX1,(«J0 for those that are Inctoded. makes 



d by those I 
> melting brass aud bronze do not fall 
lolo either of these cln**es, It appears that the estl- 
muled value of all tbe metal used should he at least 

P 20,000,000. 

The cananunirtloii of copper in the I'nited State* In 
11)11 was about ttst>,000,wi0 pound*.' If two thirds of 
this total, or 4^0l»,noo pounds, be conaWered as bar- 
ing been used for making brass and brouse, and If the 
average copper content of tbe alloys used be assumed 
ss SO per cent, the deduction would be that about 080,- 
oOO.OOti pounds of brass and brouse products wag made 
from Dew cupper. It seems conservative to estimate 
that at least two thirds of the copper consumed In tbe 
country 1* In the form of brass and I 
states that one corporation nuking mainly I 
low brass uses In Its various plant* approximately a 
third of all tbe copper consumed in tbe United Stales, 
To this must be added tbe old metal used. Half as 
much old scrap or allowed Ingot as new metal, that la. 

MM 

The average value of brass and bronxe being taken at 
IS cents a pound, by this method of figuring 1126,000,- 
000 would be tbe value of the metal passing through 
tbe brass and lirinizc furnace* of tbe 1'nlted States In 
n year. For purpose* of computation the estimate of 



A 2H K'r cent melting loss, equivalent to a loss of 
5 per cent ou the motsl bought, thus means fS.000.000 
a year lost In metal alone. Could this be reduced to 
the 2% per cent loss (equivalent lo Hi per cent on the 
melt) Bhown by good practice, a saving of 91,rjixi,t)00 a 
year would result. If the fuel consumption and crucible 
life were brought from the average practice up to good 
practice, and If furnaces that cut down or eliminate 
crucible cost and allow greater production with less 
labor cost were used wherever practicable, a saving of 
at least another half million would he made, or a total 
of t2,0U0,iXg> a year that the non ferrousdioy industry 
of the United States might save merely by bringing 



However It tie figured. It Is certain that the statement 
that the problem of tbe wastes In brass melting Is one 
of the greatest lm|s>rtancc In the waste of alloy manu- 
facture* la correct. 

•■Mir.-. I industry," 1D11, p. tan. 

• tathrap. W. 8, -The Bnuu tmlsttry of t-'onaettliMlt," 
IMS. p. 1ST. 

•0. B. C«ulou!r*l Survey I're.s Ballrttn 117. "The fnu*- 
Iry's Knueiiiiiiis Jnsk limp." Jane, 161::. p. 2. Thr rwnvrry 
of •rcossUry flipper liy smHtrrt Bad n-flanrs la 11112 Is Vrrre 
Blvea ns 137.507 tons. This flcuM Is on <ii|i|e<r »nd the cop 
1ST o>ntrnt uf ih« r*t>. wo.il beun. Ttm( f.ie remfltol tirsst 
ttlkuvd lligoti l» 101,4:17 Inns, iir nesrly 2nn,i*sv.no9 pousits. 
lu.*io>* this, la fc.iiuilrl.-s tbemsrlYi* there Is * Inrc* ri-n*)t nt 
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Modern Turret Fortifications 



New Construction to Oppose Increasing Power of Guns 



Tin Uataj) of fnthftvalliiu in u« mIiI jim flint of Ba- 
llon*, New rix|iiiri*iiitfitf>. Intra of (lie hicewwnt Im- 
provement of iirtlltery, hiive un-litl<il It* detail*, bill It* 
object rt'iimlim Hi*' muic an ulnuy*; in til low the <to- 

tcrider of J) |K)M til bold OUt Ui::«lll»t Hp>Httff flMTCCH, 

For fhl* ■■ ■•■ II im lu^ f uwiry lo create an enViitve 
olwlarte to Hie Hjtprumli of Mm- enemy, it ml *Imi In pro- 
viih* - 1 . ■ - 1 r - ■ r - - lii whi*h tin* tlcfemlera may be protected 
from 1 lk*< tire of Ibe enemy, white remaining free In u*c 
their own uhhm effectively. 

Vmihfiii lm leeed n wide and deep ilitrli iM'Inecn two 
thlik wall*, (hi* eiwar|wn»eiit on tlw Inner able mul (In 
contHer-mrp »n llw ildto toward tlM enemy, ami we 




Fig. 7. — Section of l.ulopin dmappearing turret, 

i'. nnnocvii nt*if mil v-..| . ■miiim) rttn : T. ftftiut 
iIiaimImt; lllk MMnrtrl Kl. uprraltna rmrnm. It, arm* wf 
• <>ufii«r«rl<lit>; It. rnlKra ; I', Imi lmn«. 



Hud Itleue I'tattrttt* niH-iileil In till II hi form hulwl 

inn tlet*c « li tfli w<iv ho ill in Hie rconithiriwllon of 
lite Frcm-h h>«4«*iii of .. '. ii-! . 1 m - i i ii wur of l*»7n 
Ttif full* **irmtindiug Pare* un* rhimiml rxumpli ■ of 
iIiIn "Ht»l ruction. 

Thr \rir t'rimriftt** of tt*liftt*tif*n*.—Tkv ncuol 
loft* (a*jaaaj| it totally different aMBMMBjBB The illleb 
renin I n*. Un Hit Innct' cnrtlrworkw of tin- ohl fort*. :in 

• *i tnori 1 feet lu height, have lieen jihmiih'iied n* tint 

* ulticriitdc under the very nournte Mr* of ni«nleni nrlll 
lery- In Mai *n«"*-t i . r - ■ - - - r French fort* tlie*e emit 
earthwork* hnve heco replaced hy tuiwh Uiwer hill mm-h 
thicker |Mira|N'tn, which are Ju*t high emmgh tn gbe 
the defender* n d»*I rlew of | lie Kurmuudlutf immtry. 
The rV|>crh-iHi< »f thr fort of MiiltnalMHi In IK**!, tut 
loitiiii: Hie Introduction of highly tlnirgcil tor|M«di*r*«, 

IfflMnptl ihiit ii ihhi.nifiM «r ai imm i** feet or earth i* 

rctpilml to uhf iwfnlri |«olc<1»oii again«t tl***e ter- 
rible ■ i, in. - nf ileMtriM'ihHi. I'u ■(.■!- ..r ir» or r«i 

feet hi I hi* km-** are foiin*| lu utnti) of the i ■ 

fort*. Tlaf illteli I» MMtniPlN M a |r*V |.i.n». IMi 
ftie *Utr fuMiinl (lie i*ih'Iii>, n i«iuiif i»TM'nr|* nlMUit l,~* 
fr»«| tiiuh I* retnliieil, imi fliU b< imm i-oimlrtti'liil of 
1 1 li it'll t miM'lvte *ml Ik .-it h>iiwt (1 feel hnwil at III ■ 
toft. Hy IM* nueirm tiou the Joint* of nnlhiiit*y 
ii>]i-i<iiri are ellnilmifiit, mid tlte wall fornix » hMB(V 
rijvfjaaVjp niiiiM of fmMttaMf Mt^'iistli, If 1h rHnf<m*«l 
by a inn**, of broken -4oiw. M* r.. ■ « hb-k, fetarwl In 
Hoof hjT It. MrMrll ll MM tK N mi i>li«liiili> lo iiiMlfitiihi- 
hiK hy HtieM** Mtrlkliitf In frtmt ff the iinn-reie null mul 
iHtrailne uiMUrenuiiHl. The e*«T»r|'iiwnl on tlx- lu»|ib- 




Fitf. j.— Turret in disnppearinf |io*lllon. 



..r Hie ditfh ha- I'liMn-h .|Ka|i|«-u tst. ih It- orl^'tml 
fnrtii at iemnt. Sow Uie bunk te nlhiwetl to Dave 11* 
iiuturiil ffktfte from tlx? Arlnx Hue lu the bittom of the 
dllHi, and H Mtnwc jirilto of biirtMil wire IniheikU*! 
hi tMUTCla retilao-H tin* Hlotie wull of flu* ohl t>ne. 
which U loo oiiniiy di**tn»yi<d hy piTHlHtriit nrilllery 
lire, Klmill), an tiki' ib^etwler eniinof *ee the iNdtiau 
of the dlleti fnifn lite lof» of the parapet, limiuhem of 
TOMjCrCto with rer>' Ihirk nnlh*. kiuiwn a* flunk Ing 
rotter k, tire eoii*tn»<'li>d itt eueh • in I of the nniuter- 
i*i*)in». From lint*' eoffer* Ibe dlteh It mkii! by 
the hre of mnehliie ctiDs and other rapltlHre ctino, 
driving away nu\ esieuiy rti*4i enouirh nt«l >4illfnt 




In-. 2. — SectloH *l a parapet and ditch of a 
fort. 



\. lit Mia* mIiiIht; p at aim *t"»r; Q, maalHMM nriiii-. 
av eaaiTetv; (*. muatmivri*. 

tiii»ih.h*«i u.i it .lit Dm' iiuitH|wii*mbie eaawtaatoairvw til 

ibll> life. All i*f tln-«e hnmik*. ImHitdltig flu* lUiikhu 
• iIh> *helliT* imi tlw rmo|KirlM. tin- btirrarkt. the 

inM*tunli>*, himI the turret* ■- i-i.- i lH*hm. an* BB» 
in*i««l li> a *>»tein »if undiTimnitiif i n< ■-. thm.uh 
which the niemtHT* or the gnrrlMnn 0M rliv-ultile f reel - 
without bclnx ex|M«*e«l to ii .- lire of (he itiemy. fluty 
ii few wiilllieh keep watch on the ratii|inrt*, fmin nr- 




KiK> ^ — Earlieal type of revolving turret. 



Fl«. i,— Seeund type uf turret with cuna 
protrudinj;. 



ntoriHl lookotil lower**, for Ibe pur|«o*- of (h liii£ —■TlHtH 
of (tie etieuty'H u b « r - .;« -i. 

tiun Turret*. Tlw preel*»un «tf iiMMlern gun tire 
make* ii*eh** all imprntort ml \>U*v* of nrilllery, which 
oouhl imlnrally In- ||w chief point* of allark hy the 
EMM jr. Hence the lurp- inniK, whlrh wi>n* fonnetly 
plaiiil lu the fori*, lire now eolb*elei1 In !■ - ■-. |a> 
hlml the line ftf furl*. at*l the hiller nnitain mdjr very 
Niniill utunlier* of minn. devlanl for n|wtnil pnr|io«i>M. 
It I* neeeM*ary for a fort lo U able to imiNlllute It* 
own defeti**'. mid lo prol**'! !•> the la*t tnonuHit the 
trim* wlibh <i<tuuimid tin lm|tortmit [ntlnt. Tlie*e gnu* 
uiittht be mmmtoil In ea*eimilew of CQfttTgta nltb wuIIh 



Fiir. Iv— Plan of a modern fort. 

A. •vuntcnKiirp «rf e»iii-rvt.- h fi«r< lairk. *i. iwHn*1 nrlllx 
fi>rtnla< ti-.-n,. . r. iMtno-k*: P. n*nkina opfJitai 

HK. ii »d* rerun »d imomsk*m | T I. K*n l«rtvt»: m. nctlnc 
•h.lt»r. 



emiuu'li to enter the ditch. At present, wore thitn ever, 
before, II It. Imi«eml ively tHH*r*wtry lo proti^t the ile- 
frmter* of Ibe fort ngiiltiKt bmubiirdmeiit, uhb-h imw 
may !*• extremely PtTwtlve. For Itiln |>iirp<i*e, Rttelter* 

il IV ClMlHfrilrliil U<tH'*tll Mm* |«ril|«M. with miKTete 

WHlHI H feet thick, ami In IImw alielter* tlw traopi fla. 
h* Had far on tlw miiiiKirl take r^efuici' dnrinic tlw 

entire tire of the eiwiuy The n-timftuler of tin- kiirrl 
— mi -|t» li. n»| in Imrrto kK, nl*n Uillt of entwrete mul 




Fig. $. — Section of i tnrh di*appearing turret in 
firinR pn«ilion. 

«* f»fi fbbk. which a/ajajM aJBaral a f l aiUw an4aeiaM 

fltixlleo: t lie t iitinv rt tire. Tlw opening Ihmiiich vt hli h 
lite mim* ninthl l*e lire* I iuiinI In Hit* i*hm< lie iiiihU? vx- 
ireinety luirrow, In order U* avnW innkiiiu (hem p^r- 
ti'-nl:iH> i uliienible. but gwm |iroteiloil In Ihl* way 
rnahj be flriil only In a very *mall number of dtroe- 
lMnk«, The ndo|>tlon of the ivvolilug tirmnrcd turret 
!*■ ti iniwh mure atl infartory alltiom*h mure eo*tly moIii 
lien of (he problem. A mm turret <<oi*>lnt>i ewiitlHll) 
of a eylliHkT made of armor |il*le», retolvlhK in H well 
I viltli otiH'tvte. wbieh eotifiilia* the iieceteary tun 
i blurry mid tiuticitiiiie* in aihllthin to llw gum and t l . - - 
ginitwrw. The eonrrete w*ll< nhb h hue the nhatt vnry 
lu thh'kiie** from in to 1*1 fi**t, ini-ohling (n ih ■ tyi** 
of turret, mid are jiti ■fitted, mi the «ide loniml ttie 
i ininv, by ti uia«M of broken ntotie iiimI an inirllmork 

.it Ifaafl ■'■ bi'i titiik. in aadjrf to akvlata Hw i 

lollly of ii *JiHI Mlrlkliig Hie eilttr of Hw well and 
detiH-hlug frngttwfita of eomri'le. whirh mlglit full lw 
itv.t ti the null mul the turret and prevent (he ndtithju 
of H*> hitter, tin 1 inniifh of the well i* formed of it 
Hug of Itunl In Hi. w bbli affordi nddllknuil prot»-,-- 

n.-ii. mul whirh furllH'i'UHtre proi bbn n way of eotit- 
loiiubwlloii arittiiul tin* lurnd. At f|r*l, » t|m|4e rotat- 
ing tui'ivi BAjaj i'iiipio)*«i i Fin. :ti. it ■ - -i-.: - I - 1 or an 
it. be* I roof of liard ni*t Iroti. 1*i I nt- be* thick. MU|«pof1el 
hj U frame af *leel platen ilboilt I' . llirhe* Ihirk. The 
naif nbiiw . i' > . ■ ! iiltove Hie nwi>M|ve concrete uull 
uf tlw neil lli'iu>« :i turret, nirryiug inn iV-lin-ti mim, 
almadj n lajraja] only :\% fret hltfh ami aUmt |h fwt 
arlit* Hie turret mm tanMd kj Iwnd. b.v mean* of 




Fig. (i. — f tin nine lower. 
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ge It .-. tlie movement being facilitated li) rahdug Hi*- 
whole miiiu, lt> DUtiu of u hy dniiilk' in*** acting upon 
the pivot of liir turret, ai thai only l/M of the weight 
i. >:«<■! u|**u the wheel* tin which 11 turned, ami Ibe 
remaltMk*r whk supiuclcd hy tin- cylinder of the |wea*. 
Tbe lneri*u*e hi llir uw uf armor and the oinUuual 
Improvement lu artillery led (n tin* ivtkai ruction of the 
necoiid type of turret (K1|f 4 >, which I* maito o| mm 
Inuted Iron ami It* umrll k**» i WMft Till* wim anon 
*k||*or*edcd Ity the tllxil |«|HMirln*x turret I I'fgw. .*■, 7. :iim| 
8), which U like (Mil) t> |«* mm employed. In thfart 
turret the gutu are retracted entirely within tli»* ar 
uiorcd |MirtiiMi. Tint lairlhok**, which were tcri fMMfl 
hi I In- earlier turret", nn* entirely covered, and < tie>- 
emerge ftiMu tint concrete well tally during tin* I hue 
ivjulrod for Hi lug. 

The dlMuiajicarhig turtvl l> roii*truii*%l foe one or 
two r. lii. h gutta, two .Much rapid fire gmu* or two 
DMtffJaa gun*. The ty|M\ hviVM* doc* md lary caacn 
liiillj - Ttie moving mn*n Id imiuterhnliiienl by weight*, 
a* In tor turret already dc»*Tihed, hut Improve- 
ment* introduced lDti» till* system uf <imntrrl«liuicitu; 
by ttiilopiu have made tin* turret for two gun* tlw 
nuiurknhlv effective weapon which I* now installed 



In our fort*. 'Ilii* fulcrum* of thit counterweight* more 
tm rocker hcarlnga, no that the length or Hie lover arm 
tark-a during tin* motion hi audi h iuiiii tier lint the 
turret reaches it* dual poaitkin with wro velocity. Tin* 
turret being I" H*> position <\t eclii»*e, anil offering only 
its low roof h» n target to the enemy'* (Ire, lb* gun* 
lire lomJeil, inul tire uluietl by the Imttreet metliml. by 
niegniH of (Inuru ptmiK. UenuwhUr 1 tlw* M»itiiterwHfrlit 
Imn Ihvii wiihimI up. inul wlK»u nil In rrflil). at the wwril 
of eoaiuuinil, n i-uti'b Ik reU'iim*iI uimI tike turret rl**e<«. 
At the tufi of ltit iHiurw. tlu- two iniii» nre iUm imrsi'il 
lllltulllHlbnlly h> tt«' e|t*ure of nil ehi-trle rlmtlt, 
inul the turret iuinieilhitely Mhutti. Tint lime wlikh 
etapM*« iHwmi the word of eotiutianil anil tin* eiHiiitlete 
4llHU|i|*nirtiin-e of the turret I.** only Are nomiulft, anil two 
wlwttH ran he flreil every W> awimlj*. 

Tlw* :nm b nun lurrvfa oporair hi a HimHiir iimnuer. 
"I'lie itiii< hine-iritti lurrrt-t lire Kouiewhiit dlffen-ut. Ax 
tlwy lire niueh lltzbter, tlie>' enn be move*! dlrvetly In 
the Kiiiiiien*, ami no easily that Uw>y mo la? eauta*«l lo 
tt*A'ee|> the whole iTent of the jrlnrlo dtiiiriir the vtilley. 

The thlrkoeaii of the wall** vnrim with the type or 
ti»rr*t. Tor tla- larw ni liber* tt In about 12 InetieH, a 
thl'-fciieH* whleli ofTera an effeellve ib'btitte aeniuat mod 



Bin *lew* cu us. In issti iIkt Itoiuiuintuii jpiverniiH-ul, 
ilealroux Kit oi|iiliii»Ini{ Hh forts with aniioreil tin n-i.*-, 
luiide a very rlahurale aerk« of experiment* with a 
l'reneli ami a tlernian turret. Neltlier turret wan nl 
all injured hy either the exploalve or tlx* arniorplerv 
lug ]m>>eclll«t» of that day. Slmv that tluve Hie pre- 
ctalon or Are uaa Erently IncreflafMl, but the foro- of 
pmjeetllea him uiMtemune leaa ebniifce, ao thnl It la 
protmhle tbat theac turret* would Mill wiTlodaml a 
nieire without aert<iu« damaite. Bx|H*rluient*4 are nou- 
helnR made with nn 11-lneb niortnr, throwing it nIm-II 
weighing r*TH) ptiumla. The nearly vrrtH-nl tlr** of th«M> 
iiiortara wmilil <*?rtabd.v be very danicenna* for llir 
ruofa of iliaii|»]NMirliuc turret*, but It xhould he remem 
bored Hint In the Uouinmilau ex|H*rlui(dita UVt ahelU 
were dlarliarged fmm a t;enuan rlfleil mortar or s 
Inebeti «*allt>er, at a dlalam'e vt Iium than yanlH. 
without maklni; a atuirle bit. The Kreurli dtaap|>earliuf 
turret* nre ooiuUrurtetl hi aiMnrdnnra wilh Hie re- 
-iilw or experiment* mnde lu Wk% M*>". ntKl 11HWL lu 
reeard b> their Ktrttiirth, tlwy lu«itlre perrer* n/nftdenM*, 
nnd na thrtr Are la very aeeurnte, tlxty entiaHtute ex<»-I- 
lent weApona. t'nfortunately. they are very etadjy, like 
nil modern fortlflentlotta. — f>ti .V«lure. 



Throwing; Military M«88ajre*i from Aeroplanes 

Aa Hie Hying imu-lilue devetope«l. tta* neei] of mil^id- 
hiry iipiHtratiia Imm-hiiw njn«if»-iit. MHItnrj' nun aoon 
demanile*! tin- iQalallatUui of wlrelfHH iippnratu*, irun>, 
armor and **liullar ani**a«irle«. While a great deal or 
ex|ierliiientliig lut* been done to give Hunt what they 
want. It ran hardly lie anld thai u wry great moioure 
of Miit-eaH ha* a* yet ta«eti attolneil. K*i*eti*lly i-> thU 
true of the wlrolraa f*|uM«neiit, The aeialliig a|U*artitit* 
wlitrb ran lie enrrUil on an aeropbine l*» ne.*-*Miirlly of 
very Ktuall mnge, iiimI the mi'lvhig u|»|Niratua iuii«* 
*tnuegte with the dlflh-ulty of Interfereia-e Souw iluy 
lla*v<ili)i'i'itiiDii will uiidouhl>nll> l»r ovrti-taiie. hat until 
tln*y are, a Vtvtu h Inventor and aviator, l'aul I'turainot, 
liellevea tloit aotne Kitrh apl*aratu* a* he ha* liinantfld 
iiimI tenleil near Ure>*t will la? mufd uceepfable to dilll- 
tar>' iiM'U. With hi* Invention u nutMnge run I*- dru|i)a*i1 
In full Hight b> au ITlaCtf wim U *urfliHently near hi* 
»b*tliuitliMi r the era ft returning iumu<dlatHy at full 
ttpeed I" 'be eneniy'* |M**ltioii. Tliere la mi ilauger that 
the meatoige will Ih* Mown away by tike wiml, ur that 
lr will ho Ui*t or datuugetl in mil' I. ilu-t. high graaa, nnd 
henvy follogo. 

Am tike an<oni|Hiuyliitf iltagram allow*, tta* af •|««ratu* 
ii'n*i»t* of a hollow rv lUkdir, in Vkldl the iiH*a*Aiie If 



re<i'iviil. Al it*« l.mw Hm* oyliiider In tiM'b***v*1 hy au 
tiglriil nn*aibcr /* Into wlik-b lewd haa been poured, ho 
tlmr the aikpiiraltia will alway* drop upon the point 
vi bli-ti pa**'* freely through the le»d. At t tie oth**r 
i-ml of the eyllmler ia a ouver L, the (op of *bkii I* 
foniied like n lantern with four njam wlmlowa C. With 
In (lie eorer are four elauipa (o Irold material ror a 
lteiigul Ore. This 1* ignited by lite exptualoii or a cap 
of mereiiry fuluilnnte. A* the appamtu* strikes the 
groiiiul, the rap la ♦/xphMicd by the firing pin It, whleb 
in guided iu two brai'kets, ami the flaiue or Hie exploalon 
tH'Uig iMimlmied to Hie Itengal llre material through the 
euneil tuhe f ■ A lever itkoehtim*m here rviunerta the 
tiling plti B with (he point T (lie lever mechantaaj 
heme beltl in a laadtinn of rent by IIm* nprlug //. An 
mhwi na (he point T peiietratea the ground tbe sprtnc 
H i - .tunpreeaetl, I Ih i. i aj MflW kau i - oaart •• 4 bo 
pull the pin H Imokwant a abort ilitdamv, and (o reteawe 
It liuniediately nfterwariL Tlie firing Mining, which MM 
put under tenaion before the meaaage wax dropped. I* 
tbua llheraletl. au that like pin B la forced agahmt the 
rulmbiflte cap. 

Tlie exceedingly bright Itongnl Are which tlinUio* up 
ran la* *»*en not only at night, hut In dnytiiuo jit well. 
What 1* more. It burnt* long cmiugh to allow u mddler 




By mean* of thin *imple devire meaaagea can be diarh«rgi*d from an aeroplane 
with the certainty (hat Ihey will be found. A* a*>nn a* ibe device alrikea the ground 
Benpol Are Is Ignited, and the resultant ataoike iadicatea where the message It to b« 
looked ror. 



who biu been watching for It to eorer u dlaiurice of 
Hut) yard* to tbe apot where It bn* fallen, and wbllber 
Ita light guide* hint. 

tibvfmiMly not only written aietowgea, but nlao *ki4HieM 
ami roiivli map*, ran lie '"canned" In thin way. 

Limitations of the Submarine 

A cooaxaruNDKNT lu The Engineer dbaruHae* (bts now 
liuportnnt o.ueattoii in h comprebeindre nay, ami nuum 
to tbe niMjinrently lngtcal eoni'lnaion thai Ibe power* of 
Hie submarine have been overeat I nwi ted by tike lay 
public, 

"Tliere La great ilauger of loalng one* _«euf*r of pro- 
IH*rtIon amid tbe writer of statement* recently muile re- 
garding tbe value of (he submarine a* a naval unit In 
time uf war. Tbat Ihls type of vemel Ik it **rr|r*ia* fac- 
tor, ami one to la* given a iffinnlneut idaec In any Iml 
anelng of navul fori'ea ia not to lie di*aled ; nud tliat it 
Ir a rapidly devebiptiig arm 1* urwiueaHotuthle. Tbe 
potenlbillty that ft potukease* for heeontlug a more 
seiimi* factor arJH lu (he near future 1* an unknown 
i|uuntlty. bur thi*rc aeenuc Utile doubt thai Ibt* ly|ic will 
liicrcn*e In *lxe, power, anccri, and olTenalre eaiaielry. 
It mu*t bo noted, however, thai It baa rteAulte llinila- 
llotiH In act Ion. which are Imposed upon II hy retimm of 
the very <iualltlea it |»i*«eH!«es a* nn attacking force. It 
attaint ciuupamtlvely xloiv ntoveineut eron on the *nr 
fae»*. I* very *-lti*A* niten futitnerged, ami. above all, N 
exeeeillngly vulnerable. To itH>*ert tlka( tin* Hiibiuarlue 
nil) drlv<> tlM* battleship off Ibe ■«**« 1* to follow our 
iM>lght*>r* of France la a ml*vmice|itlon of ndatlve 
value*, whleb ha* placed tlwm In an unenviable j*«1- 
li'ii with regard to Ibe larger unit*, an error which re- 
cent ikaviil policy In that country la de«lgi>ed lo 
retrieve. It I* nolle true Hint the Nobmarlue In ita 
present state of dcvelopineut, ami In It* future ptwod- 
bttWea,. 1* a sortou* mennee to the tatthrshlp. uiiIokm 
neeeH**ar> pm*autLoii*t be taken, but ho I* a lightly 
arimil licaly of abarti*li<Miteni a menace to an army on 
the march: tbe Idea that tbe one can ever take tike 
place of the other, however, la Inconceivable. It can 
neither move i|uk*kly, nor Inflict heavy blown, mucIi a* 
big cuim are raiaihlc of ikdlverlng : It could not provide 
efilciifit convoy for trade routra. nor he fully effective 
In heavy weather at sea. Tlie fum*tto<ia of the hiiIuim- 
HiH* approximate more iiearly to tlko**e of guerrilla 
ivarrare than (o lhi«-*e «r oi*en ha I tie. Tlie vtwael b» 
detdgneil to deliver lawrerful hbin-s by mean* of Imdil' 
loii* and un*u*|iecte<l ti>na*<lo attack, and for till* rea- 
-oii might I*' exceedingly uaeful In preventing etTee- 
tlve bhickade or In attacking Int-dlle *M|«« when In 
harbor; on Ibt* high »ew* ft I- a different matter. 
What. tlM*ii. are tbe eiwidltliMia whb'h limit the *eo|*> 
of It* effei'tlveikesaV 

"It may 1m» iimmiumiI that the general de*ign of theae 
irHMelw Ika* lieciune more or lew fixed; when i*ji the 
<urfnee Ibe; differ very little In iippcaranrc from an 
onllaary dcatroyer. at tike forward end eH|*ec1nlly, 
and can therefore keep the mom In moderately lienvy 
weather: but ek-ti the largext of theni. gaj up lo*ja> feet 
In k'tigth. have a maxliutim *|*ee4l mi Ibe snrfaeo. ami 
In calm weather of only ataail 17 knot*, and when anjb- 
tiuTgod tn knots. It will I* 1 seen, then, that even for 

xtH'b a i «!-■■■ *-uhti»ar1ia* to t* - -I i a Uittlrftblp on ibe 

uteri agalriHt attack I* no can? mailer: the surface 
*|M*ed of 17 knot* can only he used to hrtnc Dm* ie***el 
Into Ibe approximate vhinlly of her t*— : hIh> dare nut 
make her u|*pr»ueh knovia by Nhowlug herself o«i tike 
Hurrace ; It In neevtuoiry rt*r ber lo dive and to mutlnuo 
the allack at Ibe more moderate *pced of 10 knots until 
coming within Ibe erTivilve Mrlklng dMaiira of the lor 
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|s«do. The rungc of modern torjsxlure is very great, 
aitd the practice wade with tlwtn under peace condl- 
ll.nn la very accurate, hot l( would probably he a dif- 
ferent I bint lu make certain of a bit uoiler war condi- 
tions when It mtty be rammed that [lie quurry would 
Im> kept on the move, possibly vnrylng both speed and 
direction In urdcr lu coufueo the nltn of her opponent, 
fur it cannot be assumed that any commander of a 
battleship would be quiescent nnd allow an easy attack 
to Is' nude no Ills ship If he were In a region where 
ma-li mi attack «>■ to I* feared. The sobnuirlna mnat 
therefore approach to within a reasonable distance, and 
to do this mast come to tike surface prrlodiLUlljr Ln 
order to use her iiertncope*. taking the risk of escaping 
ol«crvat Ion, If Hbe la successful Ld this and can dis- 
charge two or more of ber forward turpedoea there fcs 
ullll a great ehanen of missing ber mark, for tbo pro- 
gression of a submarine I* not a perfectly regular thing 
when Hbe L- submerged. Tlie drutli of aubmereloo la 
retnilnled by the diving rudders, mid its a submerged 
ls*l.i |< very easily diverted in the vertical dlreelloo, a 
Kiuiill force la sutllcicat to canac change of Inclination 
or the boat, with tbe result that the rowl'« course la a 
us ire or less sinuous one, even III caliu weather, The 



must be done by moan* of periodic pacpa of a few sec- 
onds - duration from the telescopic rmrtanope*. It la 
well known that very few of the torpedoes which wars 



by ii luriKdo delivered by a submarine wbleh la also 
moving somewhat erratically la not the easy proposi- 
tion that It inny appear to be on paper. It may lie as- 
sumed Ihat the sabmariuc wilt accept any risk ln order 
to deliver a successful blow on an opponent, whlrb 
represents such an Immense value to tbe enemy, but, 
with all the goodwill In the world and the i 
endeavor. It may prove a task Impossible of ■ 
meet tinlins a combined attack be made by more than 
one boat. 

"The couiiiiatider of a submarine baa many tilings to 
watch before he ran discharge his torpedo with any 
prolxililllty of ancers* Ilia own veaael must be navl- 
gut ed In n double aeib*. that la, both borliontalty and 
i.etli-tilly. with Ibe added difficulty that the vertical 
lien cmettl la very acnsltlve to amall differences of ver- 
lienl force- He must watch his enemy and Judge accu- 
rately both tier cntirx? mid speed: be tnuxl also keep an 
•■ye <»i the liorlson for istsslfalc foeii other than the one 
to which hU attention Is mainly devoted; and all tbla 



ever found their mark, and It la not likely Uiat the sab- 
marlne would he more nuccemful tbnn the destroyer ln 
Ihia reaiiect unless it lie found to lie more poealtile than 
aiipeara iirolutMc, lo make a comparatively close ap- 
proach to tbe ever vigilant mark before c 
wnipon. 

•Safely of Ibc large vessel Would seem to I* i 
in brr power of kii-jilng a anced greater than that of 
the submerged veaael. and In continually changing 
course, no tint It *1i«ll be made necessary for the nub- 
marine lo expose ber perlacufie at Intervals, for that to 
the only means of locating her posllloa unlesa tin* aid 
of seaplane* be Invoked. Lnek of submerged speed Is 
therefore a moat pronounced limitation of the subma- 
rine, and one that canned eaally be remedied. The cell* 
which aupply current to tbe motor which driven the 
ship when anlxnergod mnar be of snlhcient capacity to 
give her a large radlua of action, or abe may be obliged 
to come to 11k surface, and tbue fall as easy prey to 
ber enemies. If the buttery rnna out, the 



gcr haa tamKil ; thin, it la needless to aay, la a laat re- 
turn, whlrb could only be carried out ln comparatively 
f hallow water. There la aoceasnrlly a much greater 
rlak In aubmarinea from errora of navigation than in 
ordinary vcaaels. and Ibis risk in the heut of action 
would iteolialily be accentuated. Whether UiU la a 
aertoua Item or not It I* llnpowlMe to decide In absence 
of actual war experience; present-day design provides 
much greater longHndlnal stability than was possessed 
by the earlier types, and erratic diving Is nn< now ao 
Hfcely to ocmr, but the personal element la alwaya 
preseut, and It la this element wlilcb U liable to varia- 
tion ln limm of stress and excitement. Tbe third 
limitation U vulnerability. Mnbmarlnes are natnratly 
liable to fatal damage with Utile injury to the fabric 
of the hull : when lu the submerged condition u very 
smalt riuantily of water is anftVlmt In change trim 
and mince the reserve of tmoyancy. Tbla limitation 
la a very obvious one, and la Inherent hi the deaden. 



A conatderabl* amount of Intruded water can bo 
easily dealt with by the pumps and oompreaaed air 
plant, and Utere m generally as a last resort the pro- 
vialon of a heavy keel which can be dropped In emer 
geocy. eo eitaMIng a damaged aubnutiine to b» brought 
to the surface; but these qualities may become prac- 
tically uselrsa in time of war, for aa aoon as the boat 
appears above water sh« falls an easy prey to her sur- 
face foes, l/ooked at broadly, this danger to the sub- 
marine does not count for much. Sucrlllee of the whole 
vessel would be amply Justified at the price of sinking 
or even disabling a antrb larger unit, but tbe moral 
effect of these posslbllltlm of disaster must count fur 
.--'int'tlitng lo lue crew, however brave they may be, 
and may affect to some eslent the conduct of their 
operations, 

"Tbcaa vessels are really naval guerrillaa, and muat 
be tackled ln tbe same manner aa similar foes on 
bind: they muat be attacked and pntveuted from 
haraaMng large vessels by what may be called torpedo 
sniping. The battleahlp la too valuable a unit to be 
risked on such work; smaller classes of ships are bet- 
ter fitted to scour tbe sen with the aid of seaplanes 
ss scouts, and to make the task of submarines an el- 
ite. If 

in apite of Ibe protecting 
tbey still have their great advantage of speed and 
mobility further to increase tbe dimcally the subma- 
rine lias In placing u successful blow. Tbe great mis. 
take would tat to ignore the changed conditions 
brought about by the advent of the submarine aa a 
force to be seriously reckoned with and to full In 
making adequate provision to cope with the danger. 

~lt may be presumed that naval authorities all over 
the world are fully alive to the position, and will not 
allow themselves to la? unduly swayed by those who, 
lacking a proper sense of nrmiortlnn and of relative 
values, see the end of all things In the growth of the 
new arm, and make Ibe unwarranted aasum|a!lon that 
doomed, whrrrns nil Ihat has hap- 
method of attack has to tst met by 
•ilher mrlhndH of defense than those which hate 
ltltlicrl" been iiccewtnry; and that the provision of 
submarine* muat Is? 
those of pnadble foes. 1 
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Age of Production in Invention and Other Fields 

Onius of Inventors Culminates Early in Life 



<ir.su s lias Isvn ih'iiiicd u> the ability to take great 
pain*, wliiir tlio cniiiiiioii cincvpthn of tltia quality 
Is facility of accoutpllsuiuejit without undue excess of 
effort rrubably the truth Is an aggregate of these np- 



i of men of transcendent uole it la lo be observed 
that In most csacs. especially In scientific and artistic 
endeavors, they gave very early In life decided mani- 
festations of unusual brilliancy The cousclouauess of 
superior powers is. naturally, accompanied by a driv- 
ing desire to give them expression, and thus we often 
sen ln the sumo Individual i-owers of 
Hon and quickest romprehensli 
energy awl mustcry of endless detail. Napoleon was 
tpilck to sec and ulmoit aa quick to act, but be worked 
longer and more Intern*-]) than any of his compeers. 
Mnuirt and Haphucl. highly precocious, whose arts came 
to them with excessive ease, left a prodigious heritage 



output of super men like Newton, 
the srlenttst, Hhakespeare, the dramullst, Bulxae, the 
novelM, Itnbi'li*, tbe lailnler, and Wagner, the roai- 
IHiHrr. te*llDed to tliejr absorption ln their work as well 
us to tbelr brilliancy of accompllsbment. 

ln reviewing the careers of the mora brilliant In- 
ventors, we nisi tltat they gave evidence early In 111* 

• •r it decided bent towurd mechanics or n|splMI science, 
and Ibnt tbelr ni[iacity for drudgerous detail and ex- 
tended. Intent effort was the common hall-mark of 
their Iribe, We do not find here Micti unusual outbursts 
of precocity as frequently distinguish the tender age of 
tha mathematical or muslcnl genius. Almost alwaya 

rree have been 
ul 5. Iliitslel at 
11. while licet li.. vrti was second conrt musician at 14. 
fiisrsl at 111 wrote an origins) treatise on cuttle sec- 
tions. I^agrauge at 11) wrote- a paper which witultl Itave 
(mmurlallied the ni»ture»t iiistli-inatlrlun. and [jtplntv 
established bl» primacy In lln- seieulllle norltl l*f.-re he 
Hit, 21. Henry Smith, the gr,«il i:ngli»h otiitlicniatl 

• itiit. tniiu'lit hlu«-lf tlreek a» a child .rf f.mr, whllo 
flei-k Mat well lntelllr,-iitl.v ( !• 
nrlea of bell wiring at the somewhat 



By William I. Wyman 

of 0. Itul serviceable Invention calls for some exercise 
of tbe nmturer faculties. Imagination and Inspiration 
may ripen exceedingly early In life, but Invention, while 
depending In great measure upon these qualities, has 

to the practical, to ttolm 
quire experience and paasage of years to 
appreciate. So it Is entirely natural to exiatct that 
many of tho greatest Inventions should have boon In- 
troduced when their autltora were fairly well along ln 
years, but what la remarkable to note Is the youth ful- 
ness of the cntutors of a great many of the moat tmnor- 

ducllon. IVrtlu Invented the Ural aniline dye at 18— 
thus a mere boy laid tha foundations of tbo Immense 
coal-tar Industry' • McCormlck was a youth of 23 when 
he made bht Oral reaper, whose Importance aa an Indus 
trial factor Is scarcely ovorsbadowed by any other In- 
vention since the steam engine; Weatlnghotne nod Mar- 
their majority when their original 
first published to the world, and what 
the alr lirnkc In or wireless has done Is t. 
high-water mark lu Inventive program; the 
electrolytic reduction of ahnr.lnhmi tvhs itjmniijinemidiy 
dlscDvered by Kali In tbla country and Heroult In 
France, both at the age of 23, and these two yoang 
men, Jasl one n-movr from lwyhood. gave to Industry a 
new useful metal, which bids fair to rank next to cop- 
per In couiiuerclul lmisirtance; 
later, at 23. lieroult istrfectetl 
men-lal clcrtrlc-fiitnuee, wtowc 

only beiflnitlug to rcullxe. 

If we were |o lake all excursion luto the realms of 
the dlsiiutiil.il' and risk making a list of Ibe twenty 
iirentcsl Iwltniiry liivi-ntlotii of mislcrn limes, we would 
|.ri-s'nt the iithic following • ehriinoloslcslly arranged). 

There con tsi no •inesilon thst till of these Uiventlona 
tire Honeer nikt) Invcsivd vrllh historical lm|iortaiice. 
nitd wlictltrr or not a better list ran be prepared. It N 
safe lo draw conclusions from the table presented. \\v 
llnd lb* average age of iiraltieiloti alstut at uo ntf 
when extremely few men. by and large, have made 
their murk. Half of these eontrlbutloDS, all of 




making character, bitting « revolutionary or unusually 
stimulating effect on some Industry, or creating some 
new and ]ui)*>rtati( art, were matlo before their progeni- 
tors reached 30, while only four, or 20 nor cent, were 



«2 

Ttltaraph 4S 

Vsle*iilssll«ii i rtti't*r^ Its 

KewHMt "Mlellltie ... » 

Ilctactnrr peorew, .... 4^ 

rtrst coal Ur prtslsft .... is 

ltegeoeratlTS furtia,* tt*M4. A W stemenst >i :tt 

lljasao 41 

Air tirske . - TZ 

Telcpboae 2» 

lncsntlcsecnt Unip ... S2 

Oasallae eaglas t* 

8tesa tvrbtas 3a 

Alsmlnlsis (IUII II. r-, all Ji 

Inilocttea m«4ov XI 

WIrVh telesrapSy ZZ 

Aeroolsac fWrlgtit llrotherst .04 38 

If we enlarge tbe list and Include Inventions of 
Inferior lm|sirtance only to what has already been 
listed by adding the spinning- Jenny (at 25), ether as 
(271. ft rat synthetic products (28). tbe 
I.TOt. carbon sloe electric cell (30), Itao- 
tyist (SO), steam hummer (•!()), oidtthalmoseonc (30), 
electric- welding (33), Brat modern locomotive (38). 
dynamite 1.11), electric steel (39), cnttou-apliinlng ma- 
chine (39). hot-air blast for mctsllnrgical furnaces 
(3d), safety lamp (37). II rM practical gas engine (.17). 

t" (42). Dunaeu burner (44). klueto- 
(401. X-ray (TsJ). and the Jacquard loom (SI), 
the average age Is advanced to about 33.0. If tbo list 
Is still farther enlarged lo Include about 40 additional 
toil stlgbtly less prtimlnent Inventions, the average age 

• '( iiristactius moves up almost two years, to Al- 
ton-lug every rensoualile lulltude of choice and confining 

• •ur list ot greatest Inventions to 2,1 aa data for Jndg 
the conclusion derived 
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from a study of tbe first (able. Of actalevemciils in 
applied science of I be mt) Unit uriler, thorn of hla- 
torical and vital Importance, more were Invented before 
.'C than after, and exceptionally re* were created after 
their sponsors had reached Uirlr prime. From 27 to 30 
appear to b« the mml acttre and moat Ingenious year* 
"f the greatest Inventors, the louver ,'Hra showing the 
peak of lnveutlve effort. Ttie young man cam* Into his 
own uL this time of life with tbe acceleration of dec- 



A T All I K OF 



10 when they undertook tbe 
pi.uarer tank of utilizing electricity In generation, truns- 
and liirlatlnac* and Sprugue waa scarcely that 
i be Installed tbe llrsl modern trolley sT«*em In 
Mid, while William Stanley waa eociald, i-iihly- 
than thirty when bp Brat wrestled with tbe 



and Teala Just orvr the line when bit 
made practical the generation 
high-tension anil istlyidiaso curreut*. 

Atrophy of tbe creative power* hy bo mean* evert> 
lis baneful touch after tbe Osleriull 40 yeara hate ar- 
rived. Some mighty big advance* wen made la tbe 

mer process I be I 
aciaie, electroplating, voltaic pile, siphon recorder, and 
llnulell cell. Hut the half-century mark aeema to dennr 
Hie limit of inspirational endeavor. Hunaen Invented a 
vaiM»r culorfmeter at 76, aud M G, Farmer waa active 
lieyiwid 8U aa U EdJaoii to-day, but Harvey's promts of 
hardening armor plate, when bn waa 67, la tbe only 
Instance the writer has been able to And of a primary 
Invention of large Industrial or social Importance that 
waa given to the world beyond touching distance of 00. 
Inventive genlua, while flickering oat at such are, doe* 
ao with a wtrong dying gasp, for at 00 or fjl were In 
vculed the gasoline euglne, the X-ray machine, tbe 



It b« Inlcrertlng to compare tbe age of achievement ..r 
Inventors with thine of men made fatuous In other 
walk* of life. Ah already noted, Ule genius of greal 
mathematiclana and musicians almoat universally 
break* out at an extrvtuety tender tige. tlilld wonder* 
ure by no mean* scarce among the ootabilltleH lu other 
Iwarda at 10 wrote a paper on 
I of the anul: lloetho at R knew t 
of Latin. Greek, French, and Italian, and prr- 
Mininl.ly waa master of hit own diincult tongue; Milton 
at l-*i comtHaied excellent fjatla verse; and Alexander 
Hamilton at l.'t wrote letter* crodltiiLIc to one of ma- 
lurrd mind: while before be arrived at 17, Raphael's 



ei|>oneiit of the greatest art school of tbe time. Of the 
great coiHtueisir* of hlHtory, four aland out lu start- 
lingly Kplendld isolation. Alexander waa master of the 
world at iV lliiniittial at 2tt waa cosnmander ln-ehlrf of 
the t'artbagenlan army, and Nar*aco« proved himself 
the greatest general of modern tlmea at S7. Omar was 
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alliaiment of tbreeacore and tea bad expired. Aa a 
rule, however, men of action and men of affairs do not 
cane to yeara more fruitful of fame until tbey ure well 
above -10, becanae tbe time Kfient In a|a;irenttcejdi1p anxl 
wrvlee and rtep-by-atep progreaa through a number of 
mngtMtlve gradea are such large factor* lu determln- 



• Aev 
lug their 

eaiitnlna-oMndUHtry. are frw|uent1y men who may l»> 
called old, and often great military and naval engage- 
ment* have been conducted by men some distance be- 
yond Ibelr prime. In fact. It la an exception when a 
statesman <<r financier ha* acquired fame In bis early 
manhood The highest flights of the Imagination, the 



iiculcwt Insights into Kcientillc truth, and the inoal dux- 
xllng or military otieratlians have often been the prod- 
uct* of comparative Immaturity. Irat tbe more bumdrnm 
ncllvitlea In tbe affairs of state or In the conduct of 
riuile and finance reqalrn leadership of teatml experi- 
ence. It la IbU fact which make* Ibe records of 
William nil aud Alexander Hamilton (one In hecoro. 
Ins prime minister of England ut 21. and the ether In 
I. Ins the CVjIonle*' leading ilnanriiil autliortly it I the 
In the Inherent l.ril 
, but lu Ibe extreme rurlty 
of Instance* of that kind. 

Inventora, being, partly men of *ctmce. partly men of 
iniaglnalloti, and to a great extent men of affair*, do not 
lenve a record of precocity typical of the first or mature 
so lute as the last. Their records are comiairahle In 
great degree to those of noted writers, men of Ibe crea 
live type and of artistic perception, Thin Milton wrote 
"Comus" at 20 and completed "Paradise Lout." his last 
ixroat work, at .17. Shakespeare wrote his find great 
]h*<tu at 2P nnd died at T>'1; Thackeray published hi* 
"Vanity Fair" at 35 and reached tbe height of hi* 
powers with hla "New comes" at 411; and lik'kena ac- 
ipilrcd fame at 2-1 by Ids "Pickwick Papers," 
his high water mark at 3» with hla "HavM 
field." and exhausted hla genius not long after 
ICxamptea like this coo Id be multiplied ad 
althongh it la curious to note a rare departure In 
DuMatirler and DeHorgan, both of whom took their 
first fJIng at novel writing when they were past their 
prime one at 57 and the other at «7- 
Hiicce** and fame In the attempt Our 
Inventor, Edlaon, Invented the stock-ticker at 24. the 
phonograph at 30, Incandescent tamp at 32. devised the 
first central atntton at 3,1, and Invented tbe 1 
at 4fl — Ibe comparison »toi»j here, as I 
achievement Is by no means closed. 

Disiribution of Nebulae 

A niscrssio.a irf a systemiitle search fur iwlitllie In 
Kanteyn's "Helected Areas," l.y K, A. Fitih Is given In 



erUig 13!) out of the a 
The exposure* were made with the tKMiK-li rerk**tor at 
Mount Wlb*>n, and each lasted one Inair. A number of 
new iM'Isulie are noted, and an Interesting series of con- 
clusion* as to the general distribution are given. Tike 
concentration of neliuln, neur tbe north galactic pah Is 
very ntttwMfaj but there are great variation* in lite 
strUialli.il. There Is a ootii|drtr absence of 
where tbe Milky Way enisse* the sky. 



Prism With Curved Faces 

Os previous occaHloiiH, Mr. C. Ffry has. aud be now 
deseri!*** In tbe Journal 4c l'h»*tqur_ bow a prism with 
nirvwl faces, tine of tbe curved face* tadug maile re- 
flecting, can ho used In U»e construction of a si»rctro 



give a pw 

Is not latrnllel. if tbe beam I- divergent 
face Is used for tbe Incident light, aud a I 
when a convergent beam Is employed. Tbe dlacaustlc 
of such a prism Is situated on a circle, whatever tbe 
dispersive properties of the material, and this clrela 
contains the centers of Urn curved facea of tbe prism. 
A dosorlinlnn Is given of the way In which prisms with 
curved face* may be used (I) for transforming a con 
vergrnt beam inlo a spectral image, e. g.. the Image of 
a star furnished liy an aslrnaomUal objective; (II) for 
UtE ■tatty of infra-n.l spectra; and (111) 
of ultra-violet spectra. 



How Dirigible Airships Are Charged With Gas on the Battlefield 



Portable Plants for Military Use 



This jm«rt*». nivtitly 



ml bnlhHMi anil iwpcvliilly 
other one*, hnn nnwrf i in- 
to ttieibixls fur produclDic hydrtifmi ga 
tlca to ra**t tbr jcniwliiR neixtii and 
)mn> atate. Of laC*? tin? pxt**n«lr«. aaa of nlmhlpK In 



lu dertjkipliiit tlif N|-l»-fl 
for uiilltnry or 
to Im> pu Id 
Ui Mrge quantl- 
In a itullk*lmtLv 



r% wnr.li fnr RUllablr hydnwii-irfudinHiiB pluhtn 
rtully ftiliijvlfil fnp nillltiir.v Klxi*d hydn^on pltintx 

arv of iiHirw um«rnl In <iiiiii.t tl«tu wltlt iifmrunitl^ ^•tv 
Ibthnwntji uud amir renter*, hut wlmt la it*|H.H-lalIy Viilu- 
able now la n pnrtul>l<> outfit of thin kind whlrli run 
follow til* army's nk.i ..mim uIu 1t.n>i«t»n«t tUf i*i>iiiitr>' »i 



By the a4flptl*in of n Uydrx»B«-ii plant mount ml apon rail 
road rara audi an rt*pr>*erit here, 1t will b* i*»eti ihiit 
tbe elfeettre wi«rk of an almhlp will he at imee |n- 
, ©wt»« to tba fact that It la coemtiiiitly kapt In 



hy the avnilnhle HiiHily *t( tfaa. \Viu.tiiw 
tltln, the airship wutild often he luld uk or at KM fi.il- 
>eet to more or l«m delay In carrying out Ita work. 

A hydrogen ptnnt of the proaent kind not only wrvv* 
for aeronautic pun*****, but tbe (tan cau be «u^<rplleil 
from either fixed or mnrahlc planta for use In different 



utoetrlc weMtm ot i-l^tea 1* t»r«, and aimilnr work f«<r 
which a cviirside ruble iiinnunl of hydrotmi 1« neede>l at 
|iresM*nt. aliw for rnttlna: of plate Iron hy the hydrotrett 
blowpipe. Tbe hydrogeit-pn.'HliM'liiic Duetlu*lt. utntl main- 
ly up to now lire purely ehcmlcul, eleetrolytle, or rej;i'n 
eratlon proa-amie*. hut all hare their dl»udvai.taci>» n» 
enimmrml wllh the prem-nt oil Ban uietlwl nhlr-b in 
Ky tin- luventom. hi some rases the rtr^t enat <ir 
i>|tenitlve ex{»nnAfi are M«h, and In otlx-r*. Ibe jtio* iimsIh 
to Ih5 produced on the spot where hydniull*' <»r other 
. Iienp elertrle power run be employ#d or la tl 



a water fpaH plant mn be lnntalle.1 to ml 
vantaice. lu siu-h cuaea il r liyilmirrii nrv*ia to Ih> tnti.* 
portod lo atool bottlea under preainire, which ta ao add>d 
coat. Some procewaea do not give a pure enough hydro- 
gen, one which anall be free from arsenic and cblurlue, 
and It hi known that arwenlr ha* eanmul evesi mortal 
amdenta In thta way. A* to chlorine, the fpot for use 
In alrttblii* muat be free from It. fur chlorine attack! tlie 
balloon envL'kjpe. 

Armrdlnrc to the new fJcrnuin hydrogen ponfa* de- 
vir*««d by TllU'-fcer and Wolter, the tfim am U* |'r*»<lu*v*l 
hi any suitable place and the plant (MMniplr* but a small 
f*|uire, with a very rlieup prndnctlnn. At the *ame thin* 
tlie r.u.|M.ct Hht.jH- of the aptiaratUH itsnkea It rery well 
adapted for nioiiiitiuff U|ioti cum w> ax to cite u portnhh- 
plant for /iSrutiljm. In fact, tt appeara ttuit th*- lier- 
HU ■rmy l« nmeh lntere»«<e«l hi the present method 
aud expect* to uae It for aupplylug a I rah I pa of Ita 
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HIIIIK'ntlK flis-l. The g»* WllMl In produced In Hit" 
tippurnlii* Kjim hut 11 tttiiitll |*crcciitiige of nitrogen ami 
lins a apcclln grnvity ,,r (MiK? to O.lAC J I • itlon 
I* Um-i u|«m th*. inte <tf crude oil <•■ pi.. in - the en*. 
»i that a Mipply in easy to lmt<<. Instead of IliK the 
ptadUttr m also tic made to work upon benxlue, refined 
•Ml. Iietuol mti] f hi* like Hearing I* ilime by the iw or 
i*ike. a* n general ml.-. although thl* can !»• replaced 
hi charcoal, In 1 Ik* lure** engraving will lie writ tbe 
general makeup of tlx* plant ununited upon tiro rm 1 1 mail 
«**r* such ** is dcnlgned fur il*e In the tVId In army 
■•poriiHonn tn tlilH nppnratu* the tlrnl part oiitslMin of 
llif l':i« prndinvr layout whlrh Is mounted In complete 
shape u|nim I ho front nir. while the aeonnd car ha* the 
n-uialmVr of Mi.' plant, in* haling the cooler, w-rubhor, 
and other imrifyiug oVvict**. Thl* aerond part of th** 
apparatus In ■r*[»oelatly needed for giving pure gn« u h|rh 
nlohlp* require, aa otberwlne It need not he ah elabo 
mte for tine Id other Industrial procuaacu when- lew 
pure ten** is needed. 

The niiiiii appnnitu* imi the front car conslnt* of a 
pair of gun producer*. Kacri of these tun a heavy plate 
h-.ni casing whlrh hi Hoed with firebrick. To ranure 
•dag and a*h, there are two door* In tbr front which 
are kept closed while tbr stm la being produced. On 
the ti.p of the npparalun In n hopper for line In feed- 
In* Hi like eofte. At tin? bottom of the producer iirr 
■■nJijuJ plpta which brine tn the air htnat from the 
blowing chamber. Tlie Arret of the two producers fth-u 
linn nu oil spray devhv fur Introducing the oil nt tbe 
tup pnrt. Tlie producer Is filled up with coke as t« 
ukuiiI In such enacs, ami hot ntr l« annt In n t the bottom 
coming from * at cum turbine drtren Wnat fan, thin 
being worked hy the steam from the kaxtmntlve. If 
Becd be, 11m* blast fun can also he driven hy a. gnnolliM- 
tii"hr or crude oil en trine of the ununl kind. In tbe cam* 
of the portable plant ; nr with a Ultlomfj plant, a cm 
ei of I ne, eleetrte motor or any suitable 10eclu1t1i.nl drtre 
i-iiii In* u**e«l_ 

oil for tm* upray 1* mipnlM by a -oillahlr oil pmnp 
•ahli-ti ffmta from n hir«e tuok oil the cnr. It la necea- 



wiry to bent this oil before feedlnc It Into tbe producer, 
and the atenm from the ttirhhie l« hnniRht to tbe tank 
for tbla purp*H4e, no tlmt tbe hctttlui; la ecouonilcnlljr 
■lone. At the atari of the apparatus, both producer* 
are flllt-d with cuke ami fired up Hy the n» of the 
hot nlr Must the coke in bmuirht to a white bent, and 
during this time the coke iniaes are cnrrietl off through 
the o|M?ned top i>orer and escape Into tbe air thmucli 
Ibe plate iron ehimiwy. The blavt N now Htojifieil and 
tbe t-ip corer cloaod down, wliereuptm IIm* oil npniy Is 
■M worklni;, ami h ■ oil in trnnsformnl Into oil icaa, 
thin U*intt obliged to |tn»e thMuicb tl»e heated i<oke of 
Ibe two tEenrntors In sinxv^ston. In tUla way nil the 
Hi: It I an well aa heary hy<lnM a arUiiis nrc iIih^muinhmi! 
and the rv«ult la a high crude of hydmcen ana SOVMB* 
hie frocn 00 to 00 per cent pure hydroiseu. Hefore the 
larodurvr ta actually work lux to deliver the pure ira* tn 
Hie reat of tlie appuratux, care la taken to SMCffMtfl 
tbe icaa wblcji waa ulrendy contnlued within tbe pro- 
diKvm, and tlie Aral inrt of Ibe newly produced bydm 
treu Is allowed to cseafie by way of a special valve which 
is fitted on for thl* purpnae, according to a patented 
tiie4bod, Purine the uaun] wnrklne of the pnidui-mt. 
tlie loHsaee of the eam*s throueh the hot muss of coke 
ittiL-»e* the teni[ieriiture of the enke to become eventu- 
ally lowered, ami when II enoN down below a crrtaln 
point there will he no more ens ecnerntetL When thin 
l* tbe ease, tbe oil feeil la slopfml and the hot nlr blunt 
again turned on no n« to tire up the coke imixa as wan 
■lone In the flrvt place. Then the oil apray Is turned 
on and tbe priaim repeated. Tlnm the method Is an 
Intermittent one, nnd eotmlsts in an alternate OptftUm 
of tbe oil apray and bo< bla>d. Flriug up the coke hy 
the Wa at usually take* 2 or 3 minutes rlurlua; the run, 
tbnt la, when the coke In hi ill hot, then the gan |a*o- 
ihlettOQ last* for nhout lit rulnnlen, am) wi on. 

From the aeeoud pn.*du<vr Hie ens e< , ca by ico-nl-aixed 
tiiplnc Into a devlee which la provldad with a water 
sen I <nhown In tlfce llrsr engraving) In onler h' prevent 
a tun* flow of gun ibirlng tlar> [*erii«l wlnfi tlie not air 
hLaat roc* through tbe producer, fare la taken In nil 



to keep tbe hydrogen fn>m hetomliu; mixed with 
air, as bi of i-ourae quite eaaeullal. The gaa then panne*-; 
lulo the *«coi»d car by luenna of mnpleil piping. On 
Ibe front end of tlie nir Is mounted a welUh*nigm-«l 
. t.i .ii which la deslgniil with wnter flow mi na to 
rlenr the an* of all lueclmnfcul ltnpiirilH*N nueb aa aah 
or ■wit. The neruhber couslats of 11 plute Iron case 
w hlch Is tlllod up with tbe wanhlng •■lenient* of patented 
malteu|X a wnler flou* iM-ing lntt>nlih>i| nt 1l*e lop, while 
Hie caa cornea tn at the ImmHooi of the scrubber. Mean* 
nrc provided for dlvldlne tlw e>i> rlow. so that It conin* 
Into an gnnd eontact as ptiitelble will) tbe water. 

Ne\t the ens ohim* Into a cleaner which works on 11 
dry pnat-aa shown In the lllualration, mid it in ileHlgiiitl 
to remove nny sulphur eom|muinla ^ititnlrnd in tbe gas. 
Ilnre MfB culla of Um* el«uu*r nrc nihil up with a ami- 
able compound whl< Ii aeta its n (liter for the en«. I'or 
noma aaea of the hydrogen, the purifying proeew. am 
atop at this point, aa the cn* la nurflciently pure for 
many Industrial n-et« aa may he ween h> the following 
nimlyi*la: til . (Mi |a*r cvnt ; O. o.O; tn», 2.7: t'll^. im»: 
II, ftfl.O; N, l.'X The a|si-lf1c gravity of tbe gaa Is almut 
O.I For Hiich |»urtM-«*H It In not tieceie-ar} to free tbe 
ens from nirlnm 01 hie or nllmgrn. Next the ens Is 
freed from moisture hy aeDilIng It throiigli a aulphnrlc 
acid drj'ee ptetWed In Mm* mini II engraving and tuoutiieil 
after the other two derlcea it|M« tbe nir [ilntform. ljint 
cotu>na n heating fnmiiee f<ir rwniorlng Ibe cnrlain oxide, 
tbe fUrtun-o lielng la*ate>1 hy oil en*. Then Ibe gaa roe* 
hi a cooler, which t* built together with the firat-men- 
iIoimh! aeru!4N>r. Aunlysla la then as follow-*: <*0 O, 
<MI,r=<kO; 06— 0.4 per cent ; ll^0K4; N - 1.2. Sip. 
gr. = oxiMT to n.tiic 

Ktrlnc up take* 1 to 2 hours, nnd the plnnl nut he 
run for months at a time, needing hut two men. The 
plnnl follow* the nlrablp nnd either supplies It direct, 
or where too fur off, hy a s|n*e*lnl outfit provided with 
Meet ajna bottle*. To tbla end a third nir can contain 
* i<om|nreaMir tank for charging tbe h-dtlc*. In any cane 
ii need not l*e carried to any very grent dlal-mcc 
In order to reticb Ibe airship. 




Portable hydrogen plant of the (irrmun Army Knginr* r*» In the Held. 
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Kleclric motor dragging an ammunition catfiaon through u hole with 
nteep aide*. 



Recoil alcfe mnncn upon carriage drawn by horaca, clearing a wooden obstacle 
•I c h*- testing ground of Tangrrhiittc. 



How (rernuui Artillery b Teatod Before It is 
Uaed on the Battlefield 

Tiik Kniiit ivtaldlMhiuent Id nuking ix-d uf some 
very enVient eiulurtiiice or brenkdowu l«*t» upon artil- 
lery, Ihi|)i fur keeping up a cheek ujmhi turn atuudurd 
|v|h« dI piece*, nml for idling n»*u' design*. One of 
the taont in. it i methods in the um of a circular, electric, 
(estiug (nick, uptm which u nir in run In order tu draw 
tin* artillery |**ecc* over the ground at alow or high 

Al tht* Khwii iirtillerj grounds, wliit'b He neur Uie 
niulu fuctortca, tU-iv l> lu 1*1 out n circular rnllroud truck 
M lth a special k tin] of eU« trie mr running U|hmi Jr. Tor 
milking ilk* tea(a upon tin* artillery. Tbe truck bit* 
J hi feet menu diameter, which give* It a brtal Itmgtb 
of about unu fee*, lading auhstuntUlly laid on hetou and 
it»lng n single rail iiu the outer able nud u double rail 
t*i tin* Iniirr circle w us to keep the cur fnMii running 
off the truck. The railroad track prujter I* usually 
reaorvod for (lie electric car, while tbe artillery In run 
• ii a circular way, which lies on the Inside anil nlao ihi 
tin- outside of the niatn track, thus allowing two piece* 
lu be drawn along at the *auie time, Tbe artillery 
truck la slightly bauketl. Tbe rullmud truck ban a 
T-fih-i (Mnefc L-.tL'.- ami. If ih-vir.ii, tin' artillery ran 
abu» U- run lu tin* »puce lietween the ruihi. In order 
to vary the leata, the nature uf the ground la made 
diffcreut uimii vnrlott* |Mrta ur the circular trucka. 
For Instance, some ;zitt fin-l uf the irack or about half 
il.r circle i- laid with a giN*l »lmie paving, while the 
remainder rcprexeuta cuuulry rouda hi uaire <ir !«**• go«d 
iHicnltlloii. I'puii these different stretches uf road tliere 
can U- pin nil ohatartPH or various kind* auch *h limber 
lying UMoj the roud, ditches or hole* and tbe like. 
The line u-f the electric cur for drawing the artillery 
baa an advantage from tile great number of different 
running speed* which run be employed, rcpn-ucnthig 
what a team of horeea would giro at a trot or gulhi|i; 
iiiul much blglicr sfHisb. euu lie uaetl whan dealred. 

(hi tbe upper flour of the cabin hi an luxpectlou room, 
which nerves for euglneers ur official committee* when 
making certain teat* upmi the artillery, whence the 
track euu Im> overhaiked, HlgnaU can be h from the 
track Into the cnhlu In order to give not We to tint oper- 
ators, nud for this use there are placed six signal [*tst* 
around tbe track an na to acud electric bell *dguah to 
tu- nihlii during the innueuvem for changing wiieed <ir 
ntoi>fiIiig and (be like. AcrwM the car la a lair to which 
the tongue of the artlllnry piece can be attached no as to 
run It on the outer, middle or Inner truck. The cur 
la started up and the piece la taken around at the dif- 
ferent ajieeda which may he reijnlred for any given ea**e, 
ao that It will be teen (bat the electric track alUivra 
any a«cb maneuver* to be made very quickly and avoUla 
loan of time. Aa rcgunbt the orwlaclw which are put 
In the way of the artillery pUi-n to give It a aevere 
endurance leat* out* of our engraving* rdiowx n Held 
lniwitxer taken over a heavy plarg of round ttiubor ami 
at a high rate of Kpoo*L Hceln^ tluit like artillery |dece 
aprluga up to a ctai^hlffable height nml then falla on 
tin- ground, mid Hint Ka total weight la 2.1 tmia, an Idea 
or the giM<d ipmlitv of the axlea and wheel* will be ob- 
taliMHl, Another llluatratli»n r.itre»-nt** an uinmunltlon 
wagon Wing drawn al it high rate Ivy tbe car anil p*m«- 
Ing over a ateep ditch dug on the track at thin jiotnt. 



I* abould be stated tbnt Hie track ia well llghtiNl h> arc 
ami lucaniloarent lainpa. 1'p to the prcaeut time tine 
(rata which cover a perbnj of aoveral yearn auitMint to 
it» much aa 4o,UtXI mllea run upon tbe clntihir unck. 

Some vrry aevere tcata of another kind are obtalm-il 
by tin* uae of ateaui locomotlvea rumilng on a n|xx'lul 
Mtretcb of railroad track at tbe company's artillery 
gn>umlK at Meppen. At euch ><lde of the truck la laid 
■ ill n proving wn.v containing tmrfaiH-a of varied char 
ucler or n|*cial obstacle*. Otir engraving allow* two 
artillery [ilecea utt itched to a croteebar, each running on 
a depurate way. Here tbe nwid la made up of heavy 
limkeii atone Wlwu tlx* locomotive U nin at high 
«l»eed Ibis gUea a very f-evere teat, and In aome (MM 
the artillery piece* Jump Imdlly from the road to a 

.'irhfMeTHlile height Thlfl ll till Cliae In ..r.r |r.-.<nr 

figure, where tbe obatactea ronalat of rait road ralkt laid 
croaawiae and apaced aloug the way. 

Other enduranre teatn of artillery arc made ujion ac- 
teal roada In the country, ualng a team of in.r-r- aa 
one of our pbotograpba alxiwa. Tbe field jiiece la here 
juoialng over u very high oturtiicle form**! of three loga 
U.iuul together, and (r Hprlnga a eonaplninna tn-lght off 
tbe road. 

The Synthetic Power of Protopl&sni*^ 

K«iim tlw (killit of View of the hloloU r li-tll cl>emUt the 

idnmauetui id* life in 1 mnhlfe»*tath»HH of lulentdioit- <if 
cHilloblal and cTytlalllia* ninlerliila In u lai'iilliirly or- 
uaidxa^l dilution; evi-r ami above thin every form of 
protoplanui, evUtehl hi any urgnitUm. I* xfcoiN-bemtc- 
■lly onleretl hi K|ai-Hb a ri'latlmiHUlp |o 1 tin I organtKtn, 
Bfl that tbe products of ^ynthetila have un lupre^ed 
■trartQN MgJ uianlfewt i-jitiinl activity. It lui> tieeii 
!<ngget«ter| h> l*rof. Aruetlriaig that tike protoidnxtiilc 
c<UD|ilex inuy Ik* regunled na built up of a *rrie* of 
•aatN'bitiHt teiuplatea which ae-rve an |aittenia agnluat 
which cfiaiige tak«^ place In tbe varliMna d1rectb4ia 
iteceaKiiry for the miiluteiuiiMi- uf vital tina*e«^eK. TbU 
vb<w is hiL^ed «4i the well-known relatlini^blp hetw*eefi 
an cmyme and Ita bydrolyte; tlw> nyntbetle cnxyinea, 
it may la- nupiaMeil. nerve an pattmiH for tin* ela1«tra- 
uan of complex malcrlalN of definite pattern. 

In a|iecnlutlug on the origin uf organic life fnwu In- 
Higuiiii- m*t»-i1al I'rirf. It. M(M>re liaw Igiuir*"! thl* K|en*o- 
cbemfi'lll HM|aH-t <af the ipuw^loll. Hit tine of the well- 
knim*n ayulbi-dt* of foraialdehyile frmn curlKin dtoxldo 
and water In prexeuee of an lm>rgnulc catal)M In bin 
cam 1 a colloid <nn lend only to optbtilly IniKtlve mule- 
rial, ami there it no jirdlllentlou even for tbe mention 
sf the term life until evidence of directed ajrtf IkMlfl 
b< adduced. 

The Htere«*hemlcal hypothenlw enuiirlated baa l>een 
ndviM-ntrd by Prof, ltdehcrt of IVnnaylvunla In bin 
n^arebew mi lLvmogl"Mu, in which Im> Mhowe«I that thb 
•>uhMtamv Im mialirii'd In *poclne relatlotiNblp to gcttiw 
ami ^jieilei. lie inm exlemh* the bytNitheala to the 
^tinly of aiarrfti, faaartlag that tlte pccullnrlttm of tile 
protofibotm In different *jieHen of plautn will tte Ma foaj 



• ReimNlo'iil frmn \ttui*. 

t ~Thn IHgiTcutlalliia aa<l NpcHfleltr Hlarrhm la lt*4a- 

Unit lo flaajatti Hpiiw, ♦€!• •' -■'■■..'.!■ ■ iii -■. '. ;.!!.■■ I to 

i t-.i .1,1 i - ii>! i'r,. ( - and i t ■ » ' ■ ami on a Ktrtvtly Si-Imi 

tlfle |ta«l» tor tae riawin^nthui of float* and Animal*. Hy 
Prof. F- T. Meli-tiert. Id tm.t pnrta. 1> svll * UOO + tiej 
ntatm. iWuMiifl-u, IV C. : i'«n-.vU In-llttitl-m nt Wa**h*l- 
l..n. 1!*1X> 



tlh? formalhai ur different tyi»o* of atareu. Tlie varla- 
tUins In the aturch granule with origin are, of conrac, 
well known, aiwl tbey arc; of Industrial luiiurtatice. 
They are now aiiown to be absolutely dlagmwlii: In rein- 
Hon lu (he plant and to cotiHtltute a idrh.tly m-bfitlllc 
baaia for the daaaUl<«tlou of plant*. In addition to 
reci>rdlng the mlcroaco|ilc «-luiractcrM of tlie atarebea an 
attempt lian been made uu u large m.nle to eluiraeterlxe 
tlu-m cbetnJeully, and although tltene leata Are adau1tt**<l- 
ly crude and leave much to la> dcaireil, tbey do mark 
a great advance In tbe treatment of the aulijeet. 

It may be regarded as established that wturrben of 
different orlglu vary both vbdbly and In chemical pro|»- 
ertlea; moreover, plnntu of cloaely aill**d ajtaglag emi 
tain Htarcbea wllb abiiUur properties, and It U bajclcal 
that tiucb variatlona must be attributed to tbe differ- 
i icen uf protOa^JUBk lalfMMl laalaw ItUch ttl ■■' "A 
granules are formed. U wunI not |M oterliHalted, Imvr- 
cvor, tliat starch gruuulea are made up of three kiinN 
of MibatAikraa, namely, the true >tiinb dcgrudahlc to 
malt one, wbkb forma tbe hulk of tin* granule, auiylu- 
cellulose or umylopectin. and a aanall pro|Hwtluu of enr- 
bobydrate, poaaibly eryntaltlne, acdulde lu eiahl water. 
It b probable that tbeae are preaent In different |»ci> 
portioua In the varioua atarebea, and ho give rise to 
Mitch differences aa ItcJebert baa ohaerred. 

Suaue valuable ohaerratlom on the riiarnctera of hard 
uiul tender barleya, publbdied by II. OL A. Vllie lu 
the Joarnal of tbe Instltuh* of Brewing, may he men- 
t lolled lu tbla cuimectlon, A hurley eon uuiy inntaln 
Ktutxii grauulea of all Hlae**, the variation being due t>> 
tbe coudlthaua under which It deiebajia. Malnutrition 
of barley lenda to a high ratio of amall March gran 
ulei which are more re«lMnm to etiavme a«1lon, t.< 
moisture and to heat titan the imhtuiuI mature granules. 
TbiMH* gniLiulc* which liave t\w more favorable poatllon 
In the liaioalog cell are able to appropriate a laige ptD> 
purtioii of the nutriment t«up|»llcd by (he protoplasm 
mid ao tnvuuie normal large starcti gruuulea, each i-un- 
aUdug of malty layera naiulnlug mm-h granulone, 
tender and readily acted u|m«i. 

Similar obaervaHona wen* made by the writer moiic 
years back when It wan itotnted out that then 1 K coo 
alderalde variation In the prnpurth« of large to amall 
gruuulea In wheat atnn.il. Tbcee lyiara of flmir which 
are tbe beat for eertaln punatea iiaitaiii Hm> gnutcst 
projiortloii of large gmnub», tin- pr^n-rty Mug qajfte 
cbaraeterbstlr. 

Hence it would lureni rli.it. i.ver and above s|«ccb-% 
variation, dlffereocva due to eurlroiuneut and nurture 
may uiia'iir lu Um* stimhe*. and It Is pac-xlble Hint the 
further study of Mich a substance aa rttan'h may pruvM* 
material for tbe aoluthari of many veiml pmldewa. 

In addltlou to the dctnll.il mxiaiiit of the tee<» applb* 
to each atarcb, which nre recordisl also In tbe form 
a curve which la shown to he tiinrnctcrlxtlc for eacti 
llMllvbliMl, Pn.f, Itelchert 1 net m tea lu hla ln-ik a Umiu- 
tlful seriea of phoharilcn-graph" taken hi onllimry tind 
{•ohirlxisl light. TImw enbaiiee very mulerLnlly tike 
value of tbe work, ulthougli they must hava Im-renH,*,! 
greatly Hie owl of puldb'Stlon, The mil In n kM furllMr 
Iss-ii at pal im to nuoimarlxe at nsane lefiglh im*vlous 
work on March, forth on tlx* chemical anil on the Innaub 
nil Kble. lib. nci-tmut b. a valuabU> tan- If only as whmv- 
Ing how much utH-crlaliity e\lst« al {ireMfiit In the 
knowUslgi* of Manh and Ita tninsfunuatloua. 
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The Flying Machine from an Engineering Standpoint — V* 

A Review of Recent Progress 
By Frederick William Lanchester, M. Inst., C.K. 
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V± /.unrfiap Hear.- -X. Tbe <|ue*Lioii of ull£btinfr 
iiiecbuiiinni detail neit claim* mir nlleii1l.ru; tbla te 
neveaaarlly of two diatinct ijijc. dcpeiullug upon wheth- 
er Uie machine, la dnttrned for In ml op for marina tnnge. 
Taking Orst to* land or military tyn* of maculo*. the 
caseiitlal feature* oumprb*. ordinarily, u pair of puevi- 
mntic-«hod wheels tin wmr cm*c», two imlnt) arranged 
i<ii a fitiiimon axi* niwnewhnt forward of the center of 
gravity i>t the machine, anil Hit|>|>llrt] with a rudimeu- 

uixt the provision of some kind of temporary t»ll Bun- 
port, coiwl»Ung either of a cantcr-plvoted wheel, or 
(as more generally tbe caw) of u aluiple itprui£con> 
trolled tikkl. It Vila at one time Indlevrd to n* casen- 
I In I that Uie alighting wheels nbould he all canter- 



the liability or llxi Landing clMwtla lu iLjury It la clearly 
dealralde tbat IP* Ktrurture nlkould la.* complete within 
Itnelf. yet thbt la very dtftVult of achievement In actual 
more often than m« there are member* In 
to tbe laudliu; channel and tbe aerofoil atrue 
ture or tlic fuselage. Tli in mint ln» considered a weak 
|a>lnt tn any dealgu. nlnee It Involve* (be risk that booic 
eaaentlnl flight organ luny uu lauding be strained i>r 
utlkerwinc Injunil. or at leant stressed lieyond tlio limit 
for which It hod been dralrai'd. 

In apita of all that has been done up to the prenent, 
the landing ehwoln In only able to take a rrry luinlcriitc 
"bump" with natay, a 1-foot free fall nolo a hard «nr- 
faee la aa much a* e-an ho deemed safe In the btwt of 
existing machines; a free fall of 4 feet or 5 feet would 
lead to iilim«t certain failure. This require* that. In 



central I -hi I, an already In In' Been III line I'urtlsa and 
SopwIUi machines | FUf. Mt , here auxiliary float* or 
balk-float* are lifted to the oxtremlttr* of the aerofoil lo 
tire Mobility tu the machine wben renting on tbe water, 
and to afoid diunure tn the aerofoil when getting under 



Tbe main Aunt*, whether single or doable, reqnlre to 
lie cuoatrueted lo rise ill tike water on tbe eanie prin- 
ciple na the aocallinl hydrisjilanr* or aklmuier i-rufl. 
Iwlng designed with tile uauiil stepped hortom ; a single 
step ill found to «i>e the heat rewilln. 

Tbe deaimi <<f H<aiLs or hull for a marine maelilue 
ninst he rrganliil n> «tUI in an early xtugc of develop 
uient, and lotn-b will depend In the future on the gen- 
eral evolution of Ibe machine an to what form of Boat 
xmir will ultimately be found moat a»|irii|irlate. Tna 
la of railnlon that, n* a i 
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of the relative mntlno of tiie irruund when alighting 
acroaa the wind e\|«-rlenc« ainjcura to allow Unit with 
rraaonably eareful hanilllug thla provulaa la urn 
«ry. Two type, of ■.UKuenaloii are llluntrnted In nip.. 
31 (Royal Alirraft Ka.tory) and 33 (Blerioti ; It will 
Iw noted tbat in laith nw the mwllum em(ilo) ml to 
ahanrb the ahoek la ruliber ; thin Ih preferable to alcel 
(an iinlveraally employed on road veblelea) for two 
rranaii: Brat, tbe eueruy goml nilrnnlsed rublwr will 
arriorh U far irreater limn la the en«* for Meel ; It rim* 
to «,mc rait) ihmiuiIk lo l.utlO laiuniU per taiUlld (Mo.ue 
111 <.r ;*> fowt poiliula l« all that may he nllownl for 
»i«'l | ; and »imdl>, the «liP"i "f fatigue In ruhlier are 
evident to the lined ru-iial oliserver, and the rulihcr* 
nr.* i-lieap iiimI en»y of rejdaceuieut. The alLicbtJuii; 
wli,»elii with their n.<*.«-utrd jHirta are mountrd on a 
alriicture cuuiuiotily known n» Uie landlng-elu)K«l>< 
wlui»| fuuetlon la li> tuIkc Ibe uiachine proper u »u«i- 
«•(•■■> t hclitht ahovp the sti.iiiiiI to prorldr eJcanince for 
Ibe proialler, aerofoil, ete. ; nnleaa careful d«lgn niul 
wurkmniLiJiiti are |iul Into the laiidiiLg ehaaaia Ita "«iad- 
4-r)" protMirllima Diiiix^ary to give elearuDce may, on 

I) ic luiiul, constitute a >-inree of weakness, or, on 

11 ther. icUe rlnc to exceHslce rtMlxtaoce. Uwlllg to 

• Tin- .lawn** IVvT**«l U*"Ml'V. 'Ictlvt^.1 Iwliire thi- lilMII-dltnn 
I I. II r<i«lievr> on May S<h. Cnnipare aftto it* aauie atntlmr » 



'i M.«*n. Vi^jati HruiW.. In Urn uftj* ut Uatr okNv^q- work, 
ktloi'li,^ (fial liiiiajruuu-ii lo UiU f^l- Tlicj altrllHit.il 11k, 
.hil> Mimm ii^ Kannan roll like V<>4mii tinu-tilni 1 Lann'ly m 

J .M »«l. II hk. l»krtl» 



NtuuciRi, lie iillowcd to take the krnmid with a greater 
M rthal veloi lty <-onn|«aiefit tlian K feel |»r aiietwd. An 
a glidlug angle of 1/7, till" means that n ma- 
r at M miles per hour (50 feet per i 
:ll iiHklil he allowed to take tile 
(1'reeuinlng the latter hortxontal), without Interkcntlnn 
of tbe pilot: lxit for any higher velocity of Aight lt« 
course niuat lie enw-d or flattened. Ill actual practice 
It Is, of couiw. part of tbe art of Dyliij; to avoid all 
vhock when nliglithig. no pilot would think of talltm 
the i-routid wltliiiflt nt l«iint niakllig bU la^t iiffort to 
rlattrii Ida anktle of dewriit Tlirre i\ prolnably a future 
for aome form of hydraiille pneniikatli' device; alrendy 
several olte«u|i<» Ikave been innde In that direction. 
Paasiiif niw to the marine type, vre fiud In tbe earlier 

lilted lllb » pair of Houta In plm e of wli.ilH^i'l nkld, 
iiimI a tcuiiMjrary lull nuti|xirt In Ibe form of a 
float ami nerd aft under the tall uiemncT. In t 
imichtiiea theae fliatii were little more titan huxvn of 
rectangular aetiLon, I'ig. :it: recently there Ima been a 
louJeiicy to aire lo the float* u more bout like form." 
«urra«« of chicle or doiilile <-urvuture being adopted 111 
place of tint, and no the liability to being nlove lu ha* 
Un-u reduced In a minimum. The double float aupimrt 
lui>, pTovnl Itself nulted lo fnfnpikratlvely aiiHMilh wa- 
ter lint u xtninie ru ling i \U|n at the pren.ut time Hint 
f.ir tikiichliuti Inleliitlnl to wrve on Hie hikch netin tbnt 
niii--.irii,1liin will lie nliunilouinl lu fav^ir of the nlnkrle 



** An liooikClht- miU-« iif vi*it bkvr on-o mode lu thr Vamie 
Tank m On- NutiiMinl l'H>*kal Lalmrauiry AdvuoQ ftMtoiiiUb-e 
lt.,-rl llll.- in. Mcuinnoiilum Nil. 711 IUk,.e a 



Inmt tyi»' al prewfit cxL«tlli£, It would H|i|»slr to lie 
dealrahle tn hririi! the motor or nkotore, aud otlter heavy 
purt.« an far n« ]«~nlble, dowu Into tbe hull, awl drwlgn 
a llioroilgbly aeaworthy craft with pruper 
Ikelgbt and titled with Ita own (marine i 
ncrew-propeller. no that It In capable of being navigated 
ii*lci«-iideiitly of Ha flight urgnua (Fig. ill). In auch a 
dealgu 11 would evidently be neceaaary to drive Ibe pro- 
in-llera tbrmigb a licit, chain, nr gear of aoine kind, and 
nie.-halilNj,i would be provided by wlildi tlie pilot could 
jeltlnoti tbe HulnTHtructlirc lu eluergency-. Skldi a mn- 
ctiiae would la* c««ciitljiHy one of eonnlderable nlae, and 
wimld prohnhly lie tltli'd with two, three, or even iikore 
eiiglnen, with ii total of over SOU h.irao.|>ower. The 
weight of *uch u lunchlne would require tu be Mime A or 
4 tooa. and would be capable of making port under Ita 
own |n>wer If the flight orgnna were abandooed. 

13. Ji-rwfHc Tuitvt of IfacaMtr — The type of ma- 
chine lie re auKxrated would be liable to certain nbjoc- 
II. mi on the ground that tbe line of tbe ikropeller throat 
in uccutrlc. being nituated eotialderably above the center 
of gravity, and probably atio aliove the center irf re- 
"WaM of the machine ; conversely, tbe center <if grav- 
ity would be coiiHiderably below Uie lienter of reelnt- 
unii- ; tben.. are olijci tloie* which hav«i laien l 
regard to ataaie exlatlng innchliiea. It In 
ili^lrnlile, wlwin- other ciiioddcriitioiiK permit, tki bring 
like <viitcr of pro|nilnloii, center of rrnLctnnce, and center 
of irraTlly to aliproxllnately Ibe anme level. There bi 

thin (xiinlitlon In not .niuiplled with, alnce any piuiiing 
■iiomenl llml r,-illtn fr.au (he want of enneeiil rlclty can 
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I the center of | 
however, b liable to arise In the 
event of a sudden change lu the mode of (light, such m 
lit liruuicht nlMmt when the engine 1* cot out. Voter 
threw moilltlima, the machine being propelled In (tid- 
ing flight by a cotupouejil of gravity instead of by the 
i I it thrust, a change of pitching moment takes 
I to the total resistance of the machine. 



Fu, $4 



to a corresponding degree. The con- 
repraaented by the upper I 
Fig. 37 ; the reduction of H. being i 
ault the phugold chart arid select the curve to oorre- 
ttpond ; as Known, this has been taken n* carve O from 
Fig. - Iu the hm'er diagram, Klg. 87, a alxuJlar con- 
structiuu has been shown for a machine nearly concen- 
tric aa to lu I 



1SI M « ■ |'M*L., 




cssve »k*we hat tee 



At present there are dillicultlrs of (he character and 
extent oatllncd standing In the way of development In 

without doubt be eventually overcome. 

14. StaMlUv and Control.— In the present lecture all 
questions of atahllltj In the ordinary seusc have been 
taken for granted. The problems of longitudinal sta- 
bility, lateral and directional atablllty, and spiral or 
rotative atablllty, though of vital Import to the aeru- 

H»t and mathematician; the engineer enn vfUtnnl 
to leave questions „f thl* character In the luridWflF'h-' 

iqicciallat- 

There la perhaps lean excuse for the absence of all 
mention of controlling mechanism ; a great deal might 
ibjcct, witlunit going beyond thy • ■! ..■ 



<.f 111* UUe. 
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multiplied by the vertical distance between the line of 

would he the equivalent " movement of the center 
of gravity through a distance of nearly 2 feet, a change 
which we mint regard as of dangerous magnitude. 

The position Li thai shown dlugrunimutically In Fig. 
:)0. In which It will lie seen Unit the resultant or grav- 

tha caster of gravity. 

It has been suggested that hy arranging the tail- 
plane (and elevator) In the wake. In the propeller slip- 
words, by employing a negatively loaded tall", the tall 
nay be made to supply a countervailing pitching mo- 
ment when the propeller Is at work; thus, while the 
direct effect of the propeller Is to tend to lift the tall 
and depress the nose of the' machine, the Indirect effect 
brought about by the action of the slip-stream on the un- 
turned tall will he th.- Inverse. It might be possible 
In thus way to correct a small want of concentricity of 
the propeller axis, bat sack a method would scarcely 
be applicable to the case tn point. Ill order that the 
method In question should be effective, the slip stream 
must be discharged radially from the center of gravity 
of the machine: that la to aay, the general body of air 



I* aero. Roughly speaking, this means that the tall, 
as shown dotted In Fig. Mil. must be set at such an 
angle as. If pr.-Mlnced, would pass through tne center 
of gravity of the machine; the double headed arrows 
show the slip-stream diverted as theory requires. The 
method la evidently Impracticable; not only la the tall 
angle as necessitated altogether excessive, hot also the 
whole story has not been told the tall would require 
to be "feathered" immediately tiie propeller ceases Its 
function, otherwise It would continue to supply n mo- 
ment of some magnitude when no longer required. 
It la of Interest to examine 1n greater detail the 

dor flight conditions. It Is dear that If at any Instant 
the engine Is switched off, two things happen: First, 
as In a machine of the concentric type, the supply of 
energy being withdrawn, the datum of the phngold 
chart takes a downward trend; Its down slope la that of 
the gliding angle, rig. 37, datum 2. Secondly, since the 
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blllty, and since It is nece, 
logic' 

The question of stability is not, as is frequently su|>- 
l*»*d, one that la In any sense otiscurc : In fact, from 

least satisfactory I It can he said wilbont exaggeration 
Hint we have a great deal more knowledge on the sub- 
J«s*t than we are at present nhle to utilise. 

There la very little of Importance, specifically relat- 
ing to the atablllty of the flying machine, that has been 
written, either before or since, that will not be found 
either In the work of Dr. Bryan- or In "Aerial Flight.-" 
A few notes have appeared In the various reports of 
I he Advisory Committee for Aeronautics, but not very 
much ; two abort notes of a somewhat trivial character 
appear In the report of 1909-10, In addition to an excel- 
lent abstract of Bureaus "Etat actuel et avenlr de 
rAvlatlon."" In the reports for 11110-11 and 1811-11' 
there m nothing; tn the report for 1912 U there are 



to lbs? staff of the National Physical Laboratory, 
uWy memoranda Nob. 77, 78, and 79. No. 77 (I.. l : 
stow. Melville Jones, and A. W. H. Thompson), U 
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sponda to that labeled C In Fig. 2. The case of least 
disturbance Is that in which the original flight path 
picks np the new flight path at Its point of Inflection ; 
that Is the case If the propeller axis Is slightly below 
of gravity, since then on cutting out the en- 

aelnally 



theory following the niciluslx iuilintisl by Nr. Bryan; 
N.i. 7X (U Bairstow ami L. A. Maeljiehlan), mainly 
I to the determination of the various oncnVieots 
1 for the application of Nr. Bryan's method of 
■t No. T9 (L. Italrstow). 
u.nre detailed application of the 
. i-imnunlcatlons are comnilcuous by the fact 
iiuthora appear to be realty <iu txtmrmmt with 
•ws literature of the subject 

The work that has been done on the Continent on 
I he subject of stability does not In sum amount to 
much; moreover. It frequently appears to suggest com- 
lilete Ignorance of what has boon done In this country ; 
In this particular matter It would seem that the Conti- 
nent has become Insular and our Island cosmopolitan. 
For example, we And the work of Ccorges de Bsthent* 
described by Mr. Palnleve as "the first to give an exact 
and complete discussion of the stability of I he aero. 



• <1 H Brr*». "SUMIlt, |„ ,\,ta4k*a." MseiulUsn * Oo , P.I | , 

" "Aaresfessjeask" vol u. ivmiMi a r„ . nasi. 

<• Mtasdm. *od*U Am laamltun Civil. *. rrswe. 

sifeUstabmMlil. A^sSSVM.'- Du«x|, Park, ion. 
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Hall*'' I »ll<] Wllell «. IMIIDIIM- Ibl! Work M< lll-« Hbod, 

we flud the subject 11..I more than half ib-itlt with, mid 
at ttuit Id to lurffrttlvr a manner thill »nrtvly vw 
nf the eoarluid.iih». ian lie rrtpirtli'd xerhiuily. It. Kllol- 
ler" aiMl Hi'luwr," Ib.iuit.li mter.itini!. do not matr 
Hull)- advance the lubjecl. II. Soreail deulr with the 
.abject of lonjritiidltiiil inability under two diitlltel 
litutdlnsi -e.|Ulllbrluni uud xulilllly ; m far ai tin- for- 
mer l» .H.mvfw.1, hi* .^.iK-UwWw « forninJutnl will 
!»• fuuiHl lii their entirety publli-bed by me In 1HII7. wltb 
tin- ruffemule <-h-urty act forth.*" Soreail. however, 
m-iind^fenrrlrH tin* matter in* far ax lu inj itrevhHii* 
Itutdk^lruti. lix-Ulrtitall), Horwin Btv«i two pmpoil- 
Home, I. e, mjidmum tnii-llve fore* uud minimum burae- 
laiwnr, wlil.-li. rawt* for diffttmirra <if aotatlou. appear 
lo be l,k-iith-n] with two pna,iwdH"mt prevlmudy given 
hy we * WrriMljiiamjLK," 1907. arc IIH. When we coine 
to I ho .piti.ll.iu nf Ktablllly, It will MiIH.-r lo Btate here 
Dial liln con, Iu.-Ii.ii,. on toe sul.Jti t or h>nrltudliutl >u- 
l.llliy arr imivH>- ut faull ; briefly, SorwiM *tute« that 
Hi.- iu,*ii.iiI of Inertia iuu«t not In- i.v ituull for f.-iir 
..f .™4ll«tl.,ii* 1.,-aiutinK !•«> rapid, wherein Ibr only 
.m-UIiiIIoIi .if lui|M.rtaliii>- in) "phugitld iio-lllatiuti" ■ 
Ih virlunlly liwlrlwllintll fur IIh |ierlud nil the value of 
tin- ui.nneut of loL-rtlii. Uo Ibt* .|ueilhmi« of liil.-riil ttlnv 
Idllt) and dlni'tloutil Mtiiuiltt)-, S<ireau'.i view* lait 
l-.lnt.-l mil li>- Bryant lire entirely lit fuull ; the whole 
nueitlnti of j.jmmrtnu <.r rotative .(ability in lie* kIjjIH 
of. ami Ihi- f«<-t that In illreetliKiiil *lolilllty the center 
■ if Heavily cannot be treated in n rtatlc pivot" in 
itn.mil. 

The work of trapt. II. A. Orotiii u In of luterexL In 
the iiuiIii Ite folluwi iitnl.lt. bed uuitbemntlcal Hue* of 
trtlltuielil. I have luadi.* let 11110*111* lo fudlow hla work 
In d.-liill. t'apt. l.'nueco'a cuueliuihrtui ou tbi* 1 
|.«r l» l«- fur nounilcr than |hu» .rf nin 
writer*: bli work bi t-«ldmtly worth nirvfnl mud). 

Tltt- nliovi- iuay bi- lakLti ax a brief wiiuiuary ol ibv 
f\Klhu,* m.-riitiiro of tho MikHJ^i't Kx<vllt!Dt BlMtrBL-U 
..r Hie work of IIh- rotvlfii uulbi-n i-ltfl will u« found 
In ttu- iiHM-udl.-ra lo the- rartiMUf rrjtorbf of the AUvb*- 
ory t'oliklullrr.'; rxi-r]itllii; Id til* ciusn of thit French 
urllen., nbl.-li hate lieeli cvllMlMed III the original, I 
lliivr mlled on tl«- abr.lrn.-U In uuwllofi for Ibe suio- 
in.ir) Ik-iv «1>..«. 



API'HNDIX I. 
Tli«* mibjii-t of xklli ^rb-tlon wlM-rn air ta caurucmrd 
bui lie.^i one of •-...■.-Mi-rill*- oflitr<rter>«'. The q>ino- 
lill<^ to l«- ni-Tj-ur.il on' an MUilll. mid Ibt-' ui-iiurntlH 



IImiI nr.ill tin- work of /jilim In 11«M r.-ry IHtV w»« 
known ou the rmtijn-t. Lnnxli-y. In hi'* ~rA[N-rhn.-lllM 
In ArriMlyuitlrjUw," 1.H1I1, at4M-rl.il nkln frl.-ll.iu to lie u 
ii.'Kili. r lbl.- fin-tor lii It* relation to flight. Him* nlHmt 
Ibe Mime .late elpni4*.-d Ibe «ataie view, In my "Aerial 
Kllxbt." vol. I., wlilib ii|>|ieflre.l In 14MI7 l not at Unit 
llim- aware of tin- work Hint li«.l hern done by Xahtnl. 
I pilhlKlHrl wine .lelermlluilleli. of xkln frlHI.-il, and 
nltai-kiil Ijiliifley'K vh-wi, |M>iiitlnie out tlwi! «kln frh^ 
tlnll I* .Mie of Ibe .yintrolllnr fin-tor* 111 the .hidouiIijm 
.■r tlleht. I nlxi lhlri"llHe>l the pru.1t.* ,.r 
-kin frl.-Hoii in. ii n«-lhi-lelit r.-ijre».-lltlliit the r.~i»t«>i.-.- 
or ii thin Uniitiii In tiiliei-ntlal in.illoll In lerniri of Hi 
mliliiMi- nt «l lb-err.-*; tbe em-rll. lent no ex|hre*Mil l» 
the dolilde mrfil.v r.«-tll. leiil, and III Ml) w.rtfk l» rvplv- 
-4-nliil by Ibe ijuiliol t In tbe icrealer pari of tuy eri- 
l«-rlui.*iitnl work, iiuine* or lumlitx <«f uii.n wen. eiu- 
Itloyed of hilt II few M|iinro llH-bei nr»«; Hie lu rif*^t 
urea iw.il by hlin in an) of hU deteTmlrtiill.i«iH wn« 
il|.)^oVlbiiitely V^Miuure f.M.1. Now It l.i well ntnli- 
11-he.l Hat tl«- .i..nvu.nl ,rf skin frleil,.i, In ■■ idiim- of 
•mull ami Ii n-uilbly lirenb-r Ihnn In one of lunte ureil, 
eiitly my riiliin. were on the whole <iiii*Jderuhly 
- limit lltnee- of eKii-rliiM-hh-ri worklni; to a Uincrr 
«'iile; however, the fejb>wloc in-"*!*;.' ma> U- i lleil ai 
Hie -iiin.iuiiry <»f e\iM*rliu.*lili iniol.- W illi iiliin.-. of iilnllt 
Vj-npier.- fo.4 nri-ii, iiimI of lui.Mitli xtirtmi-: "It Ii, 
ll»-r.-for.-, to b.- i-.«i.-ln.|.i| thnl U* ii well-vnrjililml mir- 
fim- or for pollihe.1 lllelul. unaler Ibe n.|idltloli» of ex- 
|i-llm.-tit. Hie eff.i-llve value of I li niifir.i\liualely O.iaKI 
with a iiroloibb- error i.f lew. than 10 per .-.-lit, plna or 
lnlbui." H Ai-i-onlllii: lo live tie«l eetlmate Mutt .-an U- 
nnl.le li«lay the artuul vulit.- of the do.ilile ilirfiior «ie 
i-ltli-l.-lil under llM- .-..li.lltl.ilLi of tllr e\lMTllllent ill ilinn- 
llol. ihonl.l Ih- tllmM, -.howln* an error of |in«-Mi 
Hi,- III 1-,-r n-iil n bl' li I ii I lowed mjx-lf. 
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llnan. ' II -.Willy In V.l.ll,,., 
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r->lla NUlilllt-t lonaliietlii-tl.' "tiwtl 
l-.-p.-rlenl'- <l--€ll Mludl .*MHu9tl 
tl» II 
...I I. ii*. w. 



;umh no; ... 



•..I, II, irlb. 
I lik|M.e VII 



U.'. I., 10.1; ftl-l 



lii .1 •iiiiimiiiil.-all..n to lli>> Adil-oly I 'iaiiliillli-r for 
A.-l-oltailthv I Mejiioriili'hlni No. t", June. IIMlili, I 
l-.lnl.-l .-ill that my own rtwlllta II lid llloee of Zllhiu for 
ulr, and the nuiilt* ..htalnul many yenr* aeo liy \\. 
l-'r.tuib. for wat.-r, are In mlMtaiitlitl ager.i>i»ient — lu fuel. 
In very i.lo»e ii*-reeun-lit— lirovldrd thnt they are |>ill In 
Ibelr |iru|-tT |-erii«illve. with due iiniil.leratlon to the 
lam of dynniule illullnrlly.' The iiai.-lu-.lou ,;li..n III 
Ibe nienioriiiHliiui unib-r dU.-iuo.Uiu l» ..I In 

liTiiphl.- forni In Hio, .11.1 mid .'i-J.. in wlll.-ii the lib- 
-H-lK-oe repreM-tit Ibe i|iuuitlty /. I (the product of tile 
linear dlinrmluu" In f.i t lie Hu- vr]i« lty lu ru t |.-r 
i-reviiuli. and In whteh oeillnat.^ r.-|»ti--.etit llio ci-etlk-lent 
of »kln frl.-tloii. Three ciirun nr.- <ltu«ru; Hu- upper 
eurve Ii the doulile nurfiiii' .va-IBeleul for nlr. for whleh 

I employ the nyniliil I, \\w lower nine (»olW 1ll>ej 
Ii tile illKle BUrface .i-elriiti-lit l luilf Hie vulue of the 
forui.-r i. Hie ilottnl nine ii the r.«-lli. l.-ut fi.r wuter. 
Ill Vie, A'. I, I value* mil) In- rend from ai t.. I.«m In 
Hk :ss l« iflveh a (ji-npli for lower viiI.ilk. 

II b u | 

ally Himilar aerofoili. the weUbt 
If. I i J , n>iii.i|ueiilly f.ir any irli.-n mine of /, r Hie 
weli!tlt Is ei-n-ilillit. Ill other wnrdi, l|i I 

for Irani riiMmiee /' -i'#P, where r 
wboee vulu.- li roiiiul iiluuit u;ii or lr t 1.' repreietili. 
the ar»n, and H' w.-l»;bt, 

II .-^tiJSl-, If, l i' 
Therefore, n-euiulut e...l ihilen num. lift/drift i. mid 
•.alio .lellultr vnlo.' of ai[Mit rutlo <to llx Hie mlin- ..r 
tlw ii.i.i, [ * i, the .-oelti.-lint of »Vln Trillion ii drlei- 
uilli.il hy tike weljihl of Uh* lua.liine, am) ii tbe mine 
whlllever tin. ih-ilcniil v.4ixlty luny l-e. 

Sklu frlell.m lian n lial.lt of i-tiiytin; mi elinlve |»rl 

I luill l-.-l«tm«v plleli.Hii.iili. mid the Hlbjn I in imle 

II. T li full of pltfnlli. In Hie .in." of a pliilie 
.lUewli.-. It miiy fr«i|U.iitly buni-i. ili.vl ikiu rrb-ibaml 
rrrilataiai. will rlrtlllill) .IUu|.j-«^«r. lit., leii.lliut titin- .if 
ii plane, iin-ll ai uitil by the late l'rof. l<lillctoy. will 
111 It-, liluffller.1 let 111 Motion 11 (ertntll inlalltlty of nil'. 

uud thli luoi'lue ulr luteniutiitly wiixtiliii: lit.' iiirfiie.**. 
of the plane will reitldv Ibe iklli-frMlolnil ret.i«lill«v 

10 Hjlitethhiir IniiueliKurably imull : u» iH.lut.il .ml by 
me in dbmiiiluc Lauieley'i work, Ihti wiu. one or tli«- 
eaiiM-i that l.il lilui Into error. 

Another eiiie wlh-re tlie i-.«-lli,-ieut of ikln frlition 
inuy Ih* iiliiioniuilly low li thul of the lin-lln.il |*uii.> 
ill II .UUllH auu-le ( .f lucldeuee ; III "An In I KlU'til," v.d, l_ 
Ibe nintter Ii deillt will, .m |ml.-e »H, nrliile IVJ: II ii 
lull.liil out Hull at a ileihii-tlnn fn.in elidliii; esi.-rl- 
m.-nti lluele with the hillhuted iiliiue. lllwl eitli-viliill.n.M 
Iuimi) lai theni. Ilr-o .iN-rJielent of -.kill fl'li-tlolt Ii ill 
effn-t l.i-. tluin .-rdlDnrtl) (he .-Hie. uud Hie expliiikiillofi 

11 .-ff.-r.il Hint tile U]if-fr lurfaee of (lie plane In'Iiii; to 

II eertatli deKni* a "delHl-willer reirto-n," tin- .-.-etbHelil 
may 111 till* nii,. I,. ,^,1, Hint of (he -.Initio mrfniv. 
Tlili ,i.ii.-IUiloli hau re.rii.il ilrlklluc nillllnuiitl.ili In 
i-i .1111.1 1 lou with Kitae e-t|-erlui.-utiil w.irk rvn-ully .-in- 
rltil out ut tbe N'iiiIquiiI l'byili-til I jili.irar.iry.' * 

I .iimlder It prohiible Hull II. Hie niie of tbe pleryifol.) 
n.-rofoll Hint Ih l.i any. Ibe tlerofidl of an-htil i.i-lb-n. 
iiu-ti in ihi>wn ut the f.M-t of r'lir. :n* tin- ikln frlrtliai 



of Hi.- uiuiueiitalloli of the ikln frli-tbul ax a fuuetloii 
of the .ien,r..ll pt.i.«iire .iiuilniil ; Hie m-rmal eoem.lenl 
pro|H'r (o Hie /, V .nine ill iruretloli brluic mid ou llvn 
onlliuite eormiioudilii; to pr.w4ire niuiitubt - u-m, .in 
Hu- left hum! .if Hve binin-. In tbe inwe. for .-xample, of 
tlw uonual % n 1 in- of Hie .neltli-h'i.t WIiik HUM, II will 
U. i«i-ii thul tor a prenitre .xiledullt ■ 
ii) i-oeMi-leul will be nearly u.oi. 

We thua Uttn to ,i.l,llll viilil.il 
Hiat I have found to np|«) III n.iine.-tl..|i wltb the Hmiit)' 
of lettil r.ilitnn.'e. If, in mtililloii lo the itlmve. we 
ullow mi uddltloii to n-pni-eiit fonu rmb-tuluie. in bin 
bun foucul hy I'm u,|t I lu Hi,- .air of (lie khlhy.iU Iwdy. 
and wlik'b Ii due lo Ibe d.'Kefierutioil of Ibe itri-uui-lllie 
lyileni .irtJKiiueui uii the n|i|teuruiife of the frl.-tl.uml 
wake, we might eniu'i-t the .(Teetlve .lliw-t nwMitniv 
of tlie aerofoil e\pm».il In tern.i of ikln frU'lbm 

.i|nl> lll.-llt lo u eoefllHent of 11.1117.1, will, ll la in full 
mid .iioiplete iiern-oieitt with e\|H'rl4'li,i-. The iim*iiiii|»- 
tlirfi here U tluit the pn>|H >rtloli of Hi,- ti.hle.1 foetil re- 
iliiniiii- li«n tlie mine mlio lo Hi,' true ikln frl.tion. 
xnliroxiuuili'lv .'1:4: in .unimonly f.aind lu Ibe iii«- i-f 
Hie i.lilhyol.l body. 

Wi; wlxh to eull mi. nil., o (o ihr fnet thai we an- In u 
)N>ei(i.Mi to render euoi|ieteilt lervlrn. lu every branch 
.,f latent or trude-uutrk work, our xtaff la eoniiiMed 
ol UMi-bnnleal, elnrtrUial lllbd eh.iul.iil exi^rtn, thor- 
■ WKhly lralne.1 to prrjwre mwl prvxi-ule till inlnil np- 
plk-alloin, lrrrni*rtlve >4 Ibe eotnplrx iiatnn- of tbe 
mlij.-ct nmtler Itivulvtil, or of Ibr ■.un-tii Hied. t.i-hi.UKl, 
or adendlle kuowk'ilee rii|lilml llvel-efor. 

We ulio have uweliile. Hirotuhi-ul llw world, who 
^ni>( ill Ibe prom-iil Ion „f |<i(eiit mul truilemurk up 
plliilliiHii fil.il in nit ,-,in,l rl,i furelini to tile l illl.il 
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uolited leli.-il. Hltli whieli tl». ulr llowi over the 
iiliiT Hiirfio-f. Tb!«. i|vakilii: Kenenill.v. Ix not ult.^ 
in-tll.-r imiuii'IliiiI.iI by lb.' lower veln-lty on llv«- illeler 
xlde. nn- V.-I..IIV of III.- ulr III (he vl.-lully of Hi,, 
ii.'ivif.ill nil, li' .l.ilu.i.1 iipi^-osliuately frolu Hie onll- 
nnry liiwi .,f lluld imilioii froai Ibe li-nl pr*^eur.-. Now 
pr.-w.ire i-urvii. have l«in made .rf seieriil dlirereul 
x.illi4ii irf n.-rofoll by the Nadoiuil Iliyiltwl l.nl,..ra- 
lor) ; the eurve ibown lu rlf :BI luny !«• Ink.-u i. 
rialichly Ijpinll of the pn^*iure ^rnpli for lulil-i.i-|1,.ii of 
illiy well illii|iil nerofoll at or aliait lt« ulutle of Uinl 
mlxlilll.1'- Til,- orilbiutei donnwaril fri^u Hie m-ro 
dntuni line bellm Di'initive pr.^niTii on tlia- up|--r mi'- 
fnii- of Ibe foil, nut tbe or.llu.itn ni.'.ixiir.il upwiinl 

from Hi.- siil.l .latum I la-iu K tlw iN~itlve i»r.iiur.'« 

lit tlie niabT *ni rue.', in taa-h .-11,1-1 nuviiuriil iil«,v>- nii.l 
l-.-low ntm.^phete. riMtini; lite miui' inrie In to 
mid takini; a ilutum lln.- .iirrei|iiiiilliiii tn x.-ro iuoHmii. 
ordlunti-x will n'pm..nr tlulit l.'i,>-l,,ii (neiotHve prei 
inrel. nud IIh* vi'l.H-lty at every |idiil |x riiiren'iitnl b) 
(he Mipiare n».| of II- unllnalr; lien.e tlie xkln frb-tloii 
will viiry ai Hu- onlliuite ltx. lf. and. ref.-i rloit to Flit. 4n. 
III.- etTii-tlv.' eia^tlehtit .rf ikln flli-tl'.n will be freilli-r 
IImiii iioliual In III,' relilfi.'ll oT Hie unnij of He- or.ll- 
llaln .1 ti. u, tn tlw onliuilte uil Itef.-lTln-J nicitli lo 
I'lH. .'111. It li.liy Ih- ,4i---rviil Hull tlw loeiilt ]>n-.Hiire In 

enw ii Hie under finv Ii appmillniilely one fourth 

of lie- iiii-iin prvimre dn reii-u- ot, tin- npji-r f,i.,-, ink- 
Inj Dili 1-Mi.rllon in n Inula. I ilve tn l i.- II i-i-.ipl.- 

» < .imiuu. HK iinwiid,.™ , lt„l .1«. «l,l,i„|,.„, ,., i„ 
lur.1 It,.] 1, -ml.. 

* tlntinarllj ill IUmwt (lnn.-,i.ii>n «i»*nl,,l n, II,.' U«- vt 
■ lynuuil, iiiiilliril y l,j /. |,r.*u|iri>i-. t<iH»irli-»l .Imllith. I 1 i. . 
mioMiolnoa tiHiw a, mi liivAJ-Ukhn-. In <>r prti,-iit uo^-. i.wtn* Ui 
the IHI-nm of Hat layer ot Mr eltert.il I, m»v lv»-1l V. II,. 
Ill..»r.lll..eii»ii.r Ih. ,.l.n,- tir.ell'.ll "I 
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A New Way of Selling 

Manufacturing Cost Plus X Percentage 



Srvkhai. year* ago * busine*** orgaiuMUion tit FUriiii 
Zenrrnh? fur Wemvertrieh introduced into the 
tM«il trad*- the merl.o.) u f filing '•jriunu/aeturiuir <M'*t 
pliiM 10 per eenl," that is, On* linu pbsbjrd il*elf not lo 
char***- lis* eustomeni fiir the i*i*td« pun Uaw>tl more lluui 
the actual nvt and an additional 10 jkt writ, which 
lathr wai* to rrprtfrut commercial pro6t. Thi* novel 
iiH thiMl of sfllinff lift**d iKfl vril from the nerer* of oom- 
uiemal calculation, which up to thin had U*n carefully 
guardnd, and not only pvpowti public itftfe lln? gwaU'td 
o-rrt't iif all, the ntiHiunl of profit, hut *vmi gave a pledge 
to limit t Tiin pndil in all cum** to a lised minimum. It 
was. ibervfurv, only natural that tbf friend* <»f thr dl-h 
method of selling «b»uhl he drawn from the rank* af th* 
puri-hiv-ting public, while it* opponents, who attacked it 
with great wole-noe, ua the (icrrann enurts can testify, 
belonged to the commercial claw. There wro* member* 
of thin elu/*s who Ml their exist, enr*? to l*e threaten' d ntt<l 
who regarded the new way of Milne ** mdW competi- 
tion. In commenting on the he* rm-tbiKl. 4). lVi-li»U'in 
saw in Nn. 12*7 of fr„m,it>n<i: 

■\'otwith*1*nding fill opposition, the new method or 
filing luta proved to l»e full or vilulity; it hat won ad- 
lien*nta in the retail trade, and nf late laryr order* liavo 
been given id the manufacturing industry in which tho 
price h*s been «rt on the imn'tn of actual msl plu* X per 
cent. Si it ix pHiMnhlc that, in the- morse of time, niAtiy 
others engaged in manufactured and rninnketv* will 
gradually grow mom friendly tu tlw» m*» method of »*-M- 
iug and will make u* of it, C»hmk|imhiI> , it in of interest 
to examine., briefly, whether the gcm-raJ introduL'tii>n <»f 
i \u> n*-i* tiM'tlnjd woohl Ik- di-*ciralih<, whfthrr it rtprrwnt* 



<ini'«i, wo llmt iu tlw lu w im-thod of Hi lliiL^ <?vnfioqiN<uth , 
the Miller, in ordw to oblaia htnevr h»1c«, i*> fort-fd fAr 
mon> Uian by the oUl ni<-lbwl Ui »msv for ih*> h»w»'«t 
p*i»ihl«< (tint io cvrrj" way by favorable iHirrha^e. tli»* 
<niallr«t ]w«iblp lKixinras rxiif-niM-*. imut ram ion in 
granting frrdit, tlir avowUuuo ( >f krrpine- wkmU lone in 
*.to<-h. rto. all of whkh naturally i» of (m*t brnHit to 
thv purttltawr. 

"It is evidrot that all indiif^incut to aibilUrat^ ih* 
cumrai>dilie« by admix Ujre of loferior quality, an<l to 
do<*<'pti<in o» to 5i7.ii ami wriirht, must Ik* oumpktvly 
rlicckrd by the n*w nu-tliod nf nel)tn<r. prt^uppo»iaif, of 
pouwi, that tlu» buyer fan t<**t the ralfiilation of prim* 



tin- old method of -t-Uuu:. in whii-h ihc huyvr wsur 
b'armit thf (>rolit of the «-1Ut. and m lu*t ar*i it* i]i*- 
udi nntuffi'91. 

"Tlw formula, 'artital com( ptit^ X per >i1 .* indi«'atv^ 
ui on«if Utat th4( nMMt irnportniil Ibtikj.' for nuv busiiii-ss 
bj^»| .ja il» prinrip|»'-)4 1« totb-l^rniiiH' i-nnvtly the iiuinu- 
riW'HirifiRMWt. Hh amoniit and it.«<viutiiu«nt>i, whi* h thr 
lui> it must liavi- the riirht of invMtitratiiur >iti tl"- *inn 
bimtiuTis lb>t nirjitiuni-d, tbi* otM^iutil* an- oxainiiuy) by 
an mulHiiiK mniimny uiul any jiurphi^ over Lit \m t **rnt 
is returnrd to thi- purrhassrni,!- This produHnt? jd- 
v\h<U* nil ex|>enHii innurml by thr j*lUr in obtaining 
ibr commodity and tran-»fi:rrinjf it to thr boyi-r uj> to tint 
miopMion of thf nU>. r*on*tinn-ntly, It irii tinh- iln» 
orieinal ptirrhnt**' pruxi. of purHia*** anil nf trann- 

fKMiaUon to wlx*n< tin* Htock in k«'i't. e«|H'n». of k^-pinj; 
in tito*'k, "fric»i 4<x i*^iu«i's **A|**'nw< of hi'Muic, adviTtisinK, 
pafkiiur. di^ptttnliinc. i'l«*., anil, in wbtition, the iiulinu t 
<-luuin^ .-aus»*d b.v the low of inten^t in 
l>ad <b-l>tj», thn rjcpetiM^ of collwiion, vie Iii ».ln.rt, \\w 
i«o*t of a comromhty iiwludi^. a«*<*ordm(r to u tUi'l^ion <.»( 
llvo Royal Supnmi< Cnurt, of li*r(iti, all t xtKOw* wlui'b 

lb» inrn«idity has. riilnibNl ujnmi ih>' Mlt-r liim^-if up 

lo tin- actual *itv and th*- m»-» i|il of tin- sclliiu; ji<ri«-. 
Tin- iiiU'rvxt u|M*it tlw 1minih#.*« lapiuil. thnuL'h, i* nut 

iin lnded in l\ c-t. but i« to In- iin-1 ..ut of iIh- prolitH 

nf the bn*iiw— . *liii'h. tlM-nfurt-. on tin- I.imis of .-.^i 
plus 10 |M*r out flot-* n.it niiioiint lo Ut p. r »-i ot but oiJ> 
to tlM'dilTiTt'ni'f l«»'l»4^-u ihi-t inTri-nlaev and ili«* intern*l 
on tin; bu.tiiu^s <-apitul. Tin- pri'viouKly m* ntimn'd bu«- 
i^-k4 /.i-iitraU- fur WYinuTtrieh di-MiiCoat* 1 *!, tlM-n-furr, in 
my o|Mnion, wry t-tirn^-tly thr Aibbltontd 10 \kt cent as 
■titr«H»vw ••hane***,' that is <<bar|;^ for tlw work cx- 
|wiul*«l m ruiniiut (In- toriM<M r, tin- khIv and thnnbuiti- 
mir of tin- romuimlily, wirh, in addition, th*. iutir»^t on 
the atM-«!!Wttr> mpiut wfinJi lb. «lb. r nui>l ha\.. ul his 
oommaml." 

It i* rmey. wUh tin- nnl uf the ,*pUnatioii of I In nifao- 
(UK of ^wt pin* X |kt i-.'Dt jii^i jfivrn, lo prow that tho 
tw'UiiiK uwlb.*(l of prinu* <-ih* plu> X y> t rui| n prrwnU 
a r*-nS » ••oiwiiitii' wlvatu^', btvaun* il otJi-rt l (|< purchuvi r 
I In *TTl*intv obiainui(r a ir<N>d «pniJii> of In*, o, Mi- 
ni' i.Uly at lb* nnwt favonil'l' pru-*-. »h it i-\ «.f niin h iih- 

[MtrlsrM-i to (be ll« T tu ki» p llil' nicl of tlw < iimi)n»djl> 

w low n> |j«iK<d.li- \l..n.K.r, ibe c Hi r no 
uio advaiilatet' ffoin 'I- Iu.- in- ul . 
Usil>. Hi. abihiy ..r lb** in. r. h.,<it i, n-it only -.f )-< m-tit 
Iiiiti-.lf. *-< fortiMrK. b.,t aut.imaii*nll> b. -nt-fiia it»- 
b'i.v*-r «?« Wt-ll 

• Ai thi' lino K l»r it mitht set ni Ibul il-«- l|.t, r«.n- 

irary to what lias ji;»i ).. . n said, would b»\* u dim I 
inti-nsi in a linrli *-.*»1. a» this ui.Kf.- ihnn fitnui-rly .b- 
t.-rriiirn-t- tin- anntun; -:if his prollt Tin-* id* j.. thuiudi, h 
iiii-nniN-i. Tin- ^Ib-r. who, in oi.*. k«I,. „f A .•onmni-)ity. 
»*fnioi tnni inoT. 1 1 .an X j* r n m, i- rmt-iraJk |.-.| to 
-t-.-k ibi" X ]••<■ '••it' n- of', n jM.-r.iN. . to st-*i\" aft.-r 
tin fawn* "^b-r ibstl lb*- busim- ; , may yirbl 

h;m tin iw.-»Hiiry or d.-md an mini pn-Kt . IIik . vi.b m 
;l ul li.rp r -ob- i-nii b, i. ;i- h M |..w pi htm r| (an at hii'l, 



tion* to Inw^T tbfl rout, thr purrhao-r would nmply Imy 
rooM' obtaply aJt)ioi)i;h hr would (p?t poorer <K>mmoditb-*- 
Jf. namvl> , the «t'1br w*-fp to wll UXI litem; of spirit* of 
wiue, the *-o-»t of which inicht l»o !•» marks at a HI prr 
eeot iwl-.axir.-. tlial w at Hw mark*, or if hi- dmilod tho 
100 liu-r* with watvr unlit it made 110 litvre aud tlwh 
lowered the imroe « w t of 110 litem to 150 markH, Iu- 
would ni'vi-r by tho sale make mi^ru than 10 per rent 
of l.Vo marks*." 

In di*fuwii«f thin topiefurtlwT, the writrr in ProiHfik'u* 
kayk "I niTifiH'rrial ariiti-nnui, which in the iww nw*t!iod 
of HtUiiu; imiNt naturally hav for it** aim i»uly thp r* 1 - 
du+tHni of tin- pritiH* <h»mI fur the- purpo-*- of ifatidiiK 
lunrtT pal«*i. a*< u matW-rof eourm! iM-twIitM the bu>* r al»o, 
for ho xluuv* to a lanje extent in tbe advantai^' of a 
rrdurrd nnt. In lublition to thr advunloffr he difivw 
from the www* of nw reantile skill in busineiw manatee- 
limit rodiu-tfron of buninniK pxprnapft thr huyer nl«i 
donvi'M jfT.nt advanta^. from th*. Aill of tbf *^kr Hi 
a.-q«irirur tlm iimurnwlity t*. ~ll— a* in tbe m-lb-r Hti'kiiijt 
"iH-aprt 1 market?* for Hitpplv, Iuh fuvorabb* pnn-biiHe mn- 
traets liif uw of futoruble upportimitiM iu the murkei* 
foj <Ninimodili«f< an*l money, and fortunate y|»-<'ulation. 
The buyer haM, on the olber hand, lo bear hi-i hhart; in 
tin- in* rebjutt > misctaki's only, huwt vtr. wln-n In- buy* 
at tho jnrn*H<-d |wioo» impopod by unlueky *.]MM-ulat»ou 
and ■Iocs not pn-fer !<i if" to «oni]H-iitor>t who ar»- ••h.w|*er 
Vhtuii't lh*ir Hpt^-iilaljonj* Hav*- l^n nn*re forlnnnti- 
The l-uy<T woubl ln> »bb- to do thi- in llw< r*-i*il trntlv; 
lw: frequently uo*dd hoi liav*' tbi» eboiee tn the whole- 
sale irude mid in nuinufaet umi." 

1,ooked at a-( a wholr. therefore, the e^-ononiir advance 
in thv n. a mode of «ellin« is iu thi*;: That ibr bn wr 
. uitimonly buy* mon; eheajdv than by tin old method, 
and ibat the -. ll.r i- bd to arrnnjf*- tho mani^iioni of 
Iii* bumiow* *o a*« to eotnlon*' th*' utniottl I'rn'ncy ami 
i^inomy. In llun way tin- national *«<unumy enjoy?* the 
of a more fa\oral*b> tiitm*our»e belwi-en pro- 

A* may b«* inierre*! from what ho* been Raid, r*in- 
■ liltou^ are <-^ini|karativeJy simph in the retail trad*'. At 
tbe pr»>in« time, however, tbe iw w ni«'thi*it of m-llini; 
iwi-nn about to enter the tb-ld of nuiiiufaeluniur. it* first 
entry ben- m-in* in th* 4np-l.itiJ.inic inwle, on the on*- 
bund in ttpitv and »nt ibe olln-r i-n»bably juM Im^um: 
i oudition» in I hi* trade are rini' b noire unfavorable. Tbe 
HftjlitmrK-AiniTiian t'oni|Mktiy ha* eniiiini^Miood llu- 
Vii|.-an ( 'oinjiinn of Hreun u to build tn*«i to w mail 
Hr»^nM*rx. Tbe *ain** pmteiple h»*. Inni fi»i|ow*H| for 
vw by tin- White Star lane. Tin- pri*-** to U- paid for 
the***' lluinbtjrg deainen i- iwit, as forimTly* one pre- 
viou^y a*rr*'**l np»m. but tbe ^lopyord whn h .-*>u*lnieia 
them is to m-K* the i»rime .-o-d plu« X per eent. 

In ship- but hliujf, though, the d» tenainiiu: of thr prime 
rirtt U by mi nintu *«) eawy aa tn the retail Irjub-, * %«mi 
tl**>^igb this e*wt may be oumpiMed in |*r-iierul of td*. name 
items Tlw email financial *uw*n of tb*- lurtf*' (icrmun 
ibi|>-buibiing yaidn may no trnerd in im Mni«ll decree to 
tbe Twl thai in the . al. olalcn <if rtitol print* huire *aroi^ 
may ?l»i* itit" tto *b t«'Mtiiuint *<f c*ot*. Many month* 
intervt-ii' 1 b* t with the. cat<*obilioh «if tin* eo«t of a laryc 
>hip and it* *>i>tnpb-lioii. durjiu; whb-b time, lo mention 
only one point, the- price* of nee*-*.*ar\- building ni*t» rod'. 
. an * ii>tly undergo law Hw luation* Sin-h tbe iuuiioiiH, 
%h« u lln vaiueof tlw maleTiat* for conMriicli.-n run- inlo 
the mit|b»jis niu*t result in trrt-al differ* •»<■*■• In I be i>nim 
.'OftN, tltli.r fact***, winch inuft r»Tur*h«I in liaviiu: 
n s-lntnu iuthn-in* on th* 1 pnnni «nm|. and wbi> li vixr: in 
time pastes ar*> tbe rat*' .>f ua«"'s the condition of the 
labor market, ami the advance in technical ineilio*ls and 

' l nd*r 1l-.e«- *smdition-*." «ays the vnthr in -imii- 
niari/iac the question of thr iw w t-cllinj: in* tUi«t of ^Kij^ 
>ar»ls '-run en.* s (herefote, aro j»e*iMr Kuln r the 
Klun.vnrd aihlK to ibe .ul- -illation of .u*t a fuiup -uni for 
^"■iiriiy and I In* can ou3> be dotn- to 1b. n\- .derate 
e.Ttent 0 at eorii|M'ktb»Ti allow* line- niaknu; the bn> . r 
run the n«l; of pry in- i*mi mmh u* it ^lioulil afterward 



prove that the addilional ariiouni uuiuweiBajy or ti.wi 
hi*rh, *ir eUr no additional ancmnt in addul, or the amount 
is not made hich <-n«nnrb, »nd the shipyanl ha* the 1,«h. 
In thin ca*.\ e, ( r.M«o.n* nlK . both «tib^ would undit by |! U - 
lnlr.i.luct|,m of the new method or o^;, *s would uhvi 
tbe nalxm e^iMiotiiicully. 

' Tl« difiieultie* in detenuiium; the oo*t;< of work uW 
in a nbipyard are tx» ureat that the in ventilation of an 
audititr would not be Mifneient to si-curr MiliHfaetorlly 
the interest of the Inner; f*ir the whole orei.nl/4itloo of 
the Ahipyaril, Its working »{iparntiis tlw terhnleal ability 
•if Of employ K'H, eto.. do not come under tho frurwy of a 
purely imTtnr.tilf iQVf«tijfatHni of the hooks In thi* 
caw. the biiyetkmutt obtain for hi mo If a survey of the 
lolul wiwkiiu? of the shipyard by minn* <if hw own men 
wbo have been train**! bt>th Indiuienlly and in met hods 
of onrnnixnlion. Hy *o dointr, he can super\iwi the eor- 
rvrl d. -termininR of |>rime coer, tbi- anmunl of which in «o 
ini|>ortaiLt to him," 

There are iiiuiU*Mioiiab|v h*ts*hih doubt* uk In the 
* ffe**t up«m tbe itiilependetice of u ^llipyar^^ of sueh uu 
exuintnation *)f il* internal renditions. At the pn-ent 
moment, it e«n hardly be settled whether tbese doubts 
are so important that, a* u assumed in varion* quarters, 
they must had to the dinet eombination of ship4inLldine 
with the shipping trade, or wlielh. r ber»', :t* iu n ttiil 
trade, lln- eardfl *nii U* «hoan, tliat is trade w* r>-iw can 
Ik* published, without euiaitiui; heavy *laniiM,i*. Tbi-*. 
liowever. <-ould be done in the en.*e of the shipyard by 
usinif the principle of prime cost plus X jw-t o*-ut. as in 
shipyard* tin- rinaiu-ial results e^mld be ib-rerniin*<l by 
roniparison with previous work, for a lanrc part of tbe 
ri»k *if eoHsrructiou «.ubl !>*• rhrown on rh, bu>er. while 
he, on the other hand, .-ould pndeet bimwlr fr*nn i v- 
•f^aivv eliart;e>* rN|H'neiH*e Inn *-bowii in ntftil trade 
that lb*- principle *>f jwunc eo*l pluj* X per e. nt in makiiu; 
snh*!* ran be curried out ad^ iiiita*;»*ou*]y for vlb-r, buyer, 
njuf the nalioual ei-unomy. It will also l>e nppliealtle to 
many ear*e% tu tbe wliob*<uIe tnwle, anil there may be a 
l^iiwily number i>f oth.r «N^-ii|>alioDii besides shipyards 
anion* wbieh a«ric-iiltnre wouhl be by nr. mraiL* (lie last, 
ubi.-h euiild work w.H and willnnit any ifrrat diffienlli 
of or>t:.ru«U.on „,i tlw ba>t» of prim* c<vt pliw X per 
eettt . 

('ioulitiun* app««r to lw favorabb- for the applH-ntnoi 
of lln- iww prineiple in the Kiiiblim; tnidc Tbe great 
( icnnnii eo-op* rat i ve supply a*-».cia t i* m< ( • «peendly , 
which iueline inw and nun-*' lo develop into af*-***'latio(i* 
for prmlin tkou, oiit;lit to coie*iilcr seriously, in live opiioon 
of our anil^ir, win t her their work w*>uld not lie more 
*ali -fuel >>r> if liny l*otn£ht from pr-wiiners at tlw rate 
of prime e*r«i pi,,,. X p*T etnt, limn if they become pro- 
dueers llu-m-^ Ke^. 

llUlory in Waste Paper 

A Contract 2.215 Ynn Old 

A o.>Mi*tH*.tir: aiidieinv a»*-nil.]e.l -it tlu- Itoyj) 
S.» lety's r*h«ns Iii I.o«i.]*ii. riTenUy lieuril fr<*ii Mr 
J. d.- M .lidinsMi a n-iiuirkfiMe story of b**w litbl 

n]|-.| <mi ;iiM-ie-.it liisioiy DiroiU'ti lln- i.it-»ll'ini of 
lupyrl taken fr.*n ni*n-nniie>- one.-ii-tlw^l in ibe niur^' .-r 
e\cnv ; ir|ons under tbe iiii*[.bv- of 1 lie ■.iryptmli Kv 
pleeilthM. KllOil Tin perb*«| eolered liy the di*t^o orb--* 

wiim l.*NH j^.nr-. iri tlw Uni ndC :ili era, :il»l Hie l*.-.i'i 

lies were Antiin. and Abydot ri to] tbe *lwrt r*-,'ioti 
nriyninl. 

WaMe pnpirl. 1 \pl^i|n*L, wan rln u inucb iL-*r\l In 

tbe i^Ht* *.f innmmifn utioii. mid !•> i^iuorbis tli*- 
pcilnl from this l.y means of j.-bl lln-re bad been 
Msib-1 t-.3m.Me t.-tln..oiy |<* the Uteriiture ami life of 
the |s-rl»«l. l'areriHi.-ti.-™ll> ho i.tn^Tketl, Ibe nenre>t 
ni'prio^cb we lind now ts* this |'iij<>rl v>A* |«iph r m;ic|i.\ 
loll tic (enr.'d I h\< l.r.wl i- 1 w-mld ne\er rev*nl the 
Mvnl-: *.f ibe |civr The eiirJiesi <tnt«*l < Iinrtieter |«it>> 
ni-- ditctrt'ere*! wan n mlilrslel f>-i tlu- >.-%ri' of w*nhI : 

lt_ t*. lie hotied it would he pos*ihle f»»r a 
..r l»*lnr.-s to he arTHiis.il uliiih wnul 

from |«i)«>ti m *inhui.-v of Kirvplliin history find 

life. In ".me of lln- =nm h a eon>.nh e:thb- ipwuiity of 
|*>tter> hail Ima-ii leini'). nnd i>n»- bowl Urn* Ibe in->-rip 
lion : -Tun*- of |Ih- n.clU lac on*- >i\ty fourth imrt dully ' 

A iitiiul--r of hii.iem sidles shown re%«*:0:nc Mi" 

nature of the oninlr? w In-tv Oic .-v. 1 ai l..^ an- he'eiii 
made, ii nd >h..wiii^ I In- dKTeroit inetleMU iw*l in 
iniiinmltienih.n :ind die varU-u.-s ui definition e[nph.>e.|. 
At tirsl.tlw c;i-iir„- r..e mimuuies se.-nnd t*» ho'- h.i-ii 
made r.-r ihc inirtn i'l.ir d*T»so«i*.l p*t-^iii they incbis<t*b 
jm ap|M-.tre.l from fin- i ns. n plh-i if. hut. sold ibi- hviiir<-r, 
ttiere were ir..II<-;ii l..i (hat Inter >>n they Here kefir in 
Mi.-k for :i ny | nn)i;.-»T who tnrn.-l up ft,, tuttlff 
Tih i/./i/.A. 
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llrat-stiv Prof. Arthur Kori. ixod a 
Hit- fw-rl I ii N,s-i.-(> i.f )1 hi-l rir'-JiiiH, un Hie present 
stale of picture lelegmpliy, wllh c*t*-*cial reference lo 
ii step relay fur strv-ugibitulng Uic current employed 
Id the selenium luelbud. Tbe new apparatus for carry- 
ing out Mil* system win presented, as waa alao IbuL fur 
tin ordinary telant.srrunhle method. 

Mince II..- spring "f U*i7. wll. ii tilt- flrwt telegraphic 
traiiaoilssiou of i>kliircB Mwcru aluncbeu aud Merlin 
l.y Kern's sclculluu process took place, ceaseless effort! 
have tss-u mail.- lo |*-rt*s!t lu.l only this, but also lit* 
ordinary black noil while pruce*e. Tbe urwt la bused, 

a* 1h Well kllov.ll. .>li 111* BetislHvellcaa of selenium lo 
light, and Ho prui-rl) of varyli.c II* electrical reoisl- 
uuce Willi the- uniouut of Illumination. A pbutoirrupb 
In the form <>f u tniusjsircnf lllm I* wound about n 
Kirn.* u) lluilir. mid by Hi.' aid of a system of lenses tie 
light of u Ncrust lump U eota-cntruted uu uuc part of 
tlie ishotiuiniph ; tbc light passing through the lUm is 
thrown ou a wlwiluni ell, which In more or law 
strongly Utuinimilcd. according ils tbc part of the photo- 
graph U lew or more t rsuspari-ut. Wuro * current 
from n consiuni battery U passed tlu-ougk u aeleutuut 
cell to a distant rcechiug slullou, tbe Intensity of the 
current received will correspond to llic light touca of 
tbc different place* In inn original ixllotngrapb. The 
sewllng cylinder U set In rotation, »nd nt every tarn 
l» shifted • trllle parallel lo lis nils, no 0.8 1 all purls 
of the photograph will be passed through successively 
by the light rays uatt lb.- |4cttire will be reproduced nt 
the roc.ii lug station. Tbc details of tbt- rewl.'t-r, tbc 
siring gulvuieanieler used by i'rof. Korn. and tbe im- 
provement of tlie priss.**, by lessening ine Inertia of tbv 
wlenluiu by iliv ii Id of Korn's Ho-calM iwlvuluni oom- 



In HHjr: 1IKHI, h, lb.- nl.1 tbu Miiuluiu pr«w, 
nruiiiy trjmnnil».l..iin wore mnd« betwoou Herlla «nd 
l^ris, l^irU nhil Ixlnloh. iA.ndou and ManebLnter, Uer- 
llu mid I'oiM-ttbuut-fi, t'oiH.-tjbuj;L'a uwl fSlurkholin; mid 
lb.' /xikrfoi. lump llirrur Hlxwred wj often, In JU niorn- 
ln« wllili.il. i.klures ffoin Muucbffiter and Tarts, wlildi 
would otherwise have eome 11 day biter iiy |w*t- 

1 11 the*.. rTuiMutuKlnnx llwrv w«« found mi 
llMc f*r.|iMv (lie euri>-i.u were i.ry weuk Ut most a 
uilllliitu|>.*re i l/IW timtn-'re) — and for IhUt reaxun tbe 
tritiiMiil9...|.,ii wiix ..lien xul.J.'et. lu lni.>rru|.tU.nH from 
Ml.Je etrfuluetor^, wlii.-li wei* i?tr..iji,'er Ibnn Uiose for 
IrniMnltilni: Ibe I'leture. The xreiilent dexideriilnni 
for |»let lire trlexra|.by win tbc-refoTe no 
■>r.KVN< thut tbe eurrenlj. would be o«i!.ld*r»bly i 
er. Wblle I'rof Ki.ru worked ou IbJa l.roblem. be and 
Tr».f. (jlalne-l Worked nut tlu; lebiutonmiibb? nM.tbod. 
iisini; aim, ni tb. n.fivi'r, the Miriii^,' jenivnnoineter, 
but at Ibe nellder, not the -*.n>*si|veue-«» of M'lelliutu to 
liirbt ; the. went back lo u prliicii.le Tu yeu» old. 

Tin- lelautoimii'lilc- n>eib.»l *..rT«l or»t oaily for tint* 
iiil»»ki.<i <,r wrliliy; iu.,1 drawlnin; these ure tranaferred 
In tbe forui of u uoli-coii.luethiic muterlal to luclul full, 
wlileb U tben wbunied about a rotatnbte eyllmbir. While 
lb.- e.vlliwler tnruN, n line m.'tul |n>lnt t..u»ii« It, and by 
r«4Hoii of It* hituUt U'lmthwlw aiovetnent touebes every 
|wrt of tbc hul.jeel to In. »wit. lilaklru; u Ibie Nplml line 
over the entire foil wheel, livery tlnw Ihnt the |x.lllt 
toiiehen a noli conducting i>ni l of the sheet ilbal U a 
IMin of (be writings or drunluc) no chx-trlc Impnbw In 
went; whereas, when It nasic* over n cooilM'tlnx |W>rtl..n 
twtniMjo lines or point*. * rarrent Is aent to Ibe reeelv- 
li.K »l«itou, emib)iii» the reproduction of tbe oriirbuil 
at tbe nailer place. 

TbU pronw, a* carrt.sl out In early tlmea by Italu, 
Itakewell. Cnwlll uikI olllera. win. too alow ; but Ule In- 
troduction of the strilijc icalvanomeler tn tbe receiver 
by Korn. and the |di..li>i;rji[>hlc reffl^r*>iitii$. linn In- 
creased the Kj.ee.i of iri.iisniiHMioii ho jtrt^tly that tb« 
JHri<vtia la t*r«..1laill.v useful, not only for Ibe trunjnnU- 
aiou of liandnrltlllc and drawlilic*. but ftlrf. f.ir |lOloto- 
rraidis. widen formerly i„ m . had t» Is.- put Into blaek 
»nd white by a U-.y seits-iL 

S... nsa-nlly. Ibere bltve Issii very u.ssl results ol^ 
tuined bctw.s-ii such dllTer.-nt places as Ik-rlin and 
Pari*. Paris and London, I'aris and Monte Carlo — ■ 
reaulls ofleti belter than nllb the si.lcninni pr.M-.-SA. 
Tlds |»r.ss'»M can work with current* ..f HI to 'Jl nillll- 
.iroisires, ni.il Hint Is It..- iv»>..n «l,> i| ln.» lsr-u i.rc- 
ferrtsl lo the •ek-ulnia systeiiL 

it wn«. however, ca»y to scv tlut tile latter HJ. 
Would cimim. to Its own airaiti nr*.n it wa>? a nutttcr of 
Kreal dl^Ulhce Is-tween sel».lcr and receiver, and ck|k> 
dally where tbe tratinmbK-dou lis* phus. through a 
loiur snt.iutirlne eal.lc. ..btt-lt |.y reason of Its n>M;alk-d 
caiaiclty dm II..I IH.-rii.ll of many Impul^w 1ST arcuod. 

A mi. I n <■.ixllll.il, fur Ibe uxlahMso of Ibe x-lrclum 
mt-th.vl for tbis |iur|*.*e wits, that Ibe cui-tviit could be 
con*lderal.|> lneren>»>l In *ir»>n*'th; aikl now we eome 
lo the siJiilSmi which Keru, with Uic help of bbi aaRbit- 
auU Nt- <*aru£»iUi, hits worked not, and whlcb oow 
permits telceniphlii? t>tir.|ogniph« to nr.y desired dfcv 



eveo by inbmarine cable between Europe and 
Tlie time of tranHinb<J.Hi 1«. of course, Intiu 
er In proportion to ibe "electric eanuclty" of the cahUi, 
and Ibe truasnilssloii Is naturally dear; tmt still It is 
Isawlble, aiul can Im effected wllh all disiinst riaetneas. 

lu Ibuw atreuidbenliis IIh- current. K.,rn takes advan 
taice of tlM. property of tile sparis of hUb frt«|iieiiey 
Clirrenta (the so-called Testa currents) lo llcbt arcs. 
Tlie weak curreota are conducted thr..ii«h a «ui*itive 
needle pilvunonK-ter, wbieh conducts Hie hluli fre- 
quency clirrenta to n determined *|xirk seeliiKi. and 
ever} poaltluu of Hie gatvano.ii.-t.-r ntsslle. that Is, ever; 
xoue of the i*otoijraph, crenles a sltong current an- 
on the a|iark section, bul only wbeu tbe weal; T.~bi 
sparks arrive. So for every |*.sltlou of Ibe ualviiliolu- 
eter, lliere t* only one certain arc; a certain srtroiii; 
current circuit ia clewed, owl with tbpae strong cur 
retita all ibat Ls desired cau be done. Oitf can elth.-r 
serai one part of tbc atronc current into Ibe line, er 
atlll Iwtter. use It for making a perforated strip, wld.-h 
reiweaenls tbe picture, and from which the latter can 
ls> transmitted over tbe line with the s|s.-ed of traui 
mission permlttisl l.y tlsn Inltrr. Alul (lnally .ine cull, 
wllh the aid of the strong cutrenl* which aocoinnn n.v 
tbc different tones, send alidiabelb-a] leb-urHQis wbl.-li 
may he aunt like ordinary telecrunn and serve to re 
produce tbe picture nt the rpeelvlns slalloo. 

Tlie system pcrtnlta of awllcxtlon in wlrel«« t.-bv 
rapby of iibotoirrapbs : it can also serve to allow half- 
tone eDimivinps at a dUlance. by rotating a ereat limn 
her of el.s?trtc area (for Instance ll»l. by tislng in the 
IrunEunltter a itteat number of styluses trsvelliiu oier 
the oxlirlnal iiicture, and auitabhi weak eum-ut relays 
In ihe rec-lver which send tbe Te»la spark, at the 



New Casting Machine 

For Making Perfect Pressure anal Die Caatings 

Tut: iiroduetion of mutni eiuitinui is atu-n a very difli- 
eult matter in the foundry. Kisr some mysterious rcaw.n 
will oeraaiuiully appear, mtultirar in tbe 
" poBnihly. of many v»lnal.U> en>tin«> ami tbe 
of inoldtrs 1 time. IVe»*.ur*. eio-tin^ 
I* now rxxntne I'd" tbe object of MoiritiK 1 «>t U 

eaatirun free froin blow-hoM anal— where die-cattiuc is 
also adopU-d-caaUni.il of Buod aurface. bIojl-.- ili.-y have 
not been in tbe sand. 

Juat bow the prcasure on Die molten metal ^.blamed 
from a hydraulic pn-sj. gun jiiwun-, or liquid pressun- 
due to a bead ot metal — acts in the directum of *ceuriiur 
eastings freo from Mow-hides is a qm-^lion that is still 
being debated. The probability U Ui*t wnee pn^vur.i 
(a/ilitiile« the solution ol eases, the gas, which, left to 
it-self in tbe inetal, would rouse Muw-lioU«. is raised l.y 
the apisMeallou of preasiire to be retained In aoluliolt and 
to occupy only an injinitesiinal port of tbe space It u .mlil 
n.nmally occupy in tbe molten material, so that when 
KitidiAnatian takes plai-D the cavities left arc po inaii;- 
niAeaut as to be ol no practical importance. It lias Ixs.n 
shown by Seiton thai under liio i«-vsum of (t n tons per 
sqiiar* incb, whieb is oflcn ex<ss>lod wlien m.sl is ca>t 
under li.vdrauux. presMire, any separaixl gua luibblo in 
llu. tnollcn inetal would be tliuiliuilml lu about I i.o.HJ 
of (lleir normal volume. This fact eertatldy indicate* u 
very voluuble altrihutc of |m-asurc eastini;. a s^at nt 
now applied to metal* otiler than iron and steel. 

I'aroeuUrl.v is this the com. with allo>* such a< IUIh 
hitt's metal and nine, and aluminium alloys, all or whi.-b 
lend themselves not only lo pro-sure easting, but also t.. 
casting in dies. 

A distinctly novel form of automatic pressure dU-- 
caating imu'hiiie, wiiieb appears to ojk'H a new tl.1.1 in 
the dlrtwlion of ra|»d and clean easting, ho° just lv- i. 

by an Knr/ltsh Orm of engineer! KiirmMU- the 
of thia mas-bine there is a furnace (s.atainnu; the 
nL-eesaary crucihle to carry the molten nu tnl. Boiled 
to thia is a neck-piece, on top of wbieh is freed a douusl 
cover, near tlu. center of » liich is formed a pr^ket, huviiin- 
screwed into ii a ein-ular Wi»-k of sp.«-ially l,*r«l nw-tal, 
bored out to form a toi« r unfile, and stolt.d to lai..- tbe 
B|)rue culling bar. In this iss-ket and around Ibe ia|» r 
nox&le is a Bluoll fumass.- which keeps the metal |s'rf,* l!y 
molleiL ricbt up to tbe time isf enUjiror the die. Held in 
place by meuns of a irland and stufflng-hox ou the under- 
side of the noxxln is a tuls- of wrfractnry mnterinl. which 
poaaca down thnnmh the nudum metid to within aUmt 
hair an inch from the Uttom of tlie cnn iblc Thmugb 
a gtand in the domed cover a spindle runs doa n into Ibe 
cnt'-ilss-, carry iug two |x-rforaUsi dtaka. which ar»- pliingtsi 
up and down in the moluit metal by mmtis vt a hand 
lever, lliua keeping tbe metal well oritated. A b.-le atid 
cover for aonte- ia aiso pliusMl in the domed cover lo al low 
of tbe erucihle bcin«- filled without removing the eo.er. 
iliiucisl to the domed <s.vir is n |.Ut*-, to wbieh is lived 
the Irattom half of lb., die fn.ut wbieh the eiotfinit w to 
be made, and liawng iu the ooqut n hole to n^ist.-r 
exactly with Ihe uon/k. Is-fon- nw-ntxned in IV..- . in-iilur 



1,1. mA u f hard nii lul. and also with Ihe filling hole in the 
l.ol;..hl half <rf Hi" di.-. Tie hinged plate n-ferred lo 1« 
lilted b;o-k illlo any .le.<ir»-.l ls,*ili..n by mtskns i*l a silil- 
al.U- )ie\el and worm itrar. cs.r>-w«-<l into the hinged plate 
are tluss. I.ngiil mild bo-. I pillars eiu-rying a bridg.- piei'e 
thr.nich the .-.liter of which works a double-threaded 

quick ruiminir screw. ,.|«ml.-.l by a heavy hand-wheel 
.sr >-r.«-H-l>Mr at flu- t.ip and carrying al tb.- otmr .mil a 
pint, n KlBteriiig on tb. thns- bright pillar.. This plate 
earner lb.- lop half "f thedi. . Tlx. domed eo.er. lop tt<er 
wuJi the center tula- agilatiuc disks and all tlie lop gear, 
ure . u|kiM. of U-iiig throw n hock by im-ona uf a worni 
e.^r. thus allowing of ready ucceM to tlx- erueibU.. 

The jsr.s.^s isf .-a^lllui Is as follows. The metal lo be 
nutted is Jitlu-.-d in tbe erileible Ihn.ugh the iUling-llole 
befon de.o-nls.cl. The furnace l» llglit.sl. the l*ittom naif 
»l lb. dl. U uxttl to the luugi-sl |slut«, ami tbe top half u( 
Ihs^ <li.- is find to a plate .-armsl by Ibe quick-running 
win w . This ii. now run dow n so thai Ibe top and liottom 
halves of Uu die are Wughi tigfatly tonthw. Horo w« 
tius.v «ay tluil when it is meessory to use a multiple part 
die, a eouieuieul detachable nrrongement la provided lo 
work horizontally iu vxiuiuncti.in with the vcrueol etarup- 
iug arrangement already tnetllion.-d. The sprue oulliug 
bar U put into |s«ition so that Ihe molten metal cannot 
puss through the no/.rle, and tlu- IooekI plaUi is clomped, 
down Connected to Ihe noek-pterv. is a eylind.-r of 
liquctied ga*. tlio valve cs.ntrolliuR which is now opened, 
alio a iug the go* to exert pressure on tbe lop or the molten 
metal in tbe crucible. Th» sprue cutting bar ia now 
pull.d back, thereby allowing Ihn inetal ui be fortssd up 
iulo the die. Tbe die beiug lull, the sprue culling bar is 
pulled back ogaiu. Iben-by stopping any further llom o( 
metal, the htuged plate ia unebtniped, and the whole of 
the lop gear thrown back, by inc&ua of Ibe bevr4 and worm 
gear, onto n suitable table; the top half of the di» is now 
puUed up by ins-ana of tlie screw, and tbv casting ia auto- 
matically kii.s ked out ol some by means of Ihrec r<«ls 
.-arried on a bridge piece and wbieh run ink. tbe lop lialf 
ol tin. die nearly down to the catting when the two hal\.-» 
ol the die arc together. The whole top gear is now thrown 
Luck, Uu hinged pla^ Is elttlnped down, tbc two halvvw 
,.f the dn ur. brought together again, and tbe sprue 
.-lining Ur u«it ef which the stnaU pksve of i 
away, lias la-en iKinclicd by means of a biver I 
ried on a hinged plate) in again put into position to allow 
the metal lo Dow into ihe die, and the protHwi it) continu- 
ously carried ou us dvseribed- It will bo notices! Hint the 
dies arc kept at the most suitable temperature fur casting, 
owing to their being directly in conjunction with the 
small furnace, while at the same lime no flames come into 
dir-vi contact with tlie inetab Uiua avoiding oxidation. 

Ureal pressure can hu exerted on Ibe molten ntctal, as 
a heu t he iiquvlksl gas is Wnught into contact with a hot 
subitum*- tbe exiMiiision is such that, at a leinperatiiro 
of oidy to dig. Ceui,, a preasura of 1(10 aunoaphetsv is 
obtaiiic\l, and |sro|sjrtioliately higher |»-esaurea ran bo 
maintain. si according lo Ule various, tempcrulureu worked 
at The gas used U on Inert oDe, and therefore has no 
action on the metal; nr-itluT is it abeorbtsi by the metal. 

The machine would nppi ar lo be far in advance <a? any- 
thing thai lias yet linen mado for dle-eaaUuc, and though 
il will tako dies up to 9 inches square, tuoelUDc* to take 
di.-s consid.iably larger are ra.ing designed. Coin|«ra- 
tively k;W machines have been brought out to deal with 
alloys isintainilig a large pcrvcolage of pure uluniinluln, 
<.»ing lo tbe toi l thut oluiuiuiutu attacks wrought iron 
or st.*-l when neiltoa, and also shrtuka and cracks during 
tbe iwoeves .at sulNlilleauon in the die. Tlie dies for the 
above machines have received spetjial I 
It hoi l.c-u dilli. lilt in the poat to design a t 
not produce porous costings isr form air I 
iu connection with alloys containing a la 
^4 aluuiioiiiin. — Ttt€ hutty 2'i^ctf'upa. 

Refractive Index>f Radluin Emanations 

A. W. l'osna and C. CuJbertaon describe In the 
Juurnnl of tbe H-.illuiil Society experiments made to 
.leieriniiie the refractive Index of ruillum emuiuiib.iis. 
Tlie dltllnilll.-s lay lu the auiall quantity of Has avail- 
aide 1 1 ,- ln i.illllnictcr | and the dlllkulty of kis-plug the 
inis pure. A Bis_s-Ully deslencd I'alir; -Per.^ Inteifer.. 
l.e I. r w.vs usrsl. The vessel Into which the enianalhui 
uiis li.ir.sliie.il hud two plaue-paiutlel facim (distance 
apart. • •. lartly silvered In the Inside*. The ordinary 
l-'.»i.r> l -,-r..i rrliig.- were olrtalned with n vacuum bc- 
tw.s-a ibe i.lat.v the emnnntlon wua then Inlr.sluced 
ami tb. i-efrueiivlty delermliksl from tbe number ■■ of 
brislil luui.ls nliu-h isxaaed over a Ov.sl |silnt tn Inn 
ol-servliig leles.s.|K-, t. c. a — 1 — na/Sc, Owing to tbe 
illilb-iiliv of working will tlie pure emanation and to 
the Ilinlt.-il sutiply uviillable. l>o itellulte vnlues have so 
far I..-., .-t.taii^sl. but Ibe result* Jiow that tbe re- 
rrucilvlty of the emanation Is blcber thuu thai of any 
oth. r known gaa ami ut kmst twenty live tbnea that of 
l.,-l|ilin- 1'rom c.-riiilu ibeorvlleal ciinstderaUona of IJie 
rnll-is bel»ts-n Ibe refruelLitle* Of the Inert | 
uuthors cenclilde that tbe value < 
llnses that of lie. 
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Lighthouses for Aerial Navigation 

Their Use in War and Commerce 



The beacon 

UNed :il 

JohanniMal 
near Berlin. 

I(i guide 
aerial 
navigator* 

at night. 




Portable military gaa beacon. 

■iiniiiii uTTTMl 



Light signal known aa mark 43. 



The beacon used at Potsdam. 



IJght signal known a* mark 123. 



A lighthouse for ihr JohannUt.il airmen. 



Light signal known an mark 1212, 



'lo lie of real itae In war, aeroiriane* will have to be 
down nt night. Tlielr pilot* would. In thin way, be at 
Ihr right spot for n rrcoiiiinbwiDee by daybreak, or, Id 
case* where the hostile troops are protected by day 
from aerial Investigation, the pIMs would be able by 
night flying to judge the contour and arrangement of u 
mmp from the blToonc fires and lights. Even In time* 
of |teitee, night Hying will berocne necessary to those wIm 
wish lo make long flights in a United apace of time. 
Night Hying, though, either for warlike or peaceful 
eiidM. reiiulrea Jrraetlce. Ill order to make such flights 
jHwalble, to Ibe ispltilon of Kiioul Voter**, who write* In 
Arrvphiir, the main route* of the air must be marked 

• •nt, no that the aviator may know at any moment 
where he K where he ran hind, and what obstacle* he 
may Meet. Prance, soya our author, ha* done nothltiK 
In tin* matter, hut Oermnny ho* been working on the 
problem f ir over a year. Iter aim la to enable her mill 
tiry aeroplane* and dirigibles lo sturt and land at night 
on all the aerodromea of cither her e«Htern or western 
frootler. and ro tranafer her uerlal force* quickly from 
one frontier tn the other at will. To this end abe la 
using what may be called Hghthouaea and beacon* on 
her frontiers and connecting route*. There are twenty. 

• •lie such light* already, generally at abeda for dirigible* 



nitil aeroplanes, whl<-u have been located with the same 
strategic eml In rlew. The lights are of different kinds. 
The very tiowerful ontw. the rim I aerial lighthouse*, are 
to uid the uv in tor to find out where be Is. Lesaer one* 
are to point out the danger* he could not know before- 
hand, for by night a pilot can see vaguely the nmlu out 
linen of the biiidaenpe, but he could not see until too 
late a very high tower or an electric wire. A third 
class of Mill weaker beacons are to aid In making a 
landing. In (icrmaiiy the liirttt waa first thrown 
toward the hen vena In a eoaie with a vertical axla nnd 
a small angle nt the summit. It turned out that these 
lights could mil Ik? seen uuleaa close by. mid n beacon 
ought to be seen at a long distance. Plying at idghl bj 
not done hi n very greni height, prohnbly nt m>t more 
than 0(10 tn M*i meters above ground. The aula of the 
jieiicll of niys should, Iherefore. be very allghtly In 
■ liLifl toward the bisrlii«it«l, aacending In moat cn*r», 
and descending only when the light is set on a high 
mountain. The Intensity of the rays should decrease 
from the horizontal toward the vertical, where It 
should merely be aufltclcnt to be ween from an aeroplane 
dying at 4,000 meter*. 

Another difficulty to be -.'Red was the tdentltleatlon of 
Ibeae bcaco»a Thl* could nut la- dune with colored 



glass, as such sin-* nl«orii* n large amount nf light, 
except for landing lights. Kor most of the other bea- 
eima. following the example of marine lighthouses Hied, 
revolving uiul rJu*h lights have been adopted, while still 
unuther class Is arranged to throw n series of flaahc* nf 
greater or lee* length, thus transmitting Morse signals. 
These lust mentioned light* lire called "Morse beacons." 

The only llghl* of peculiar const ruction arc the land- 
ing beacon*. Those constructed by the lintaeh Ciwn- 
piiuy are Intended to show the aviator In what direc- 
tion he should laud. Tbey ure sunk In the ground of 
the aerodrome nud covered with a thlek glass on which 
tlw aeroplane can alight nnd run. Their arrangement 
la (he following: 

A large white light 1 meter square is set In the cen 
ter of the nerodnwie. At sii meti rs from this, following 
like points °' lne Ciwipii**. there are four red lights 
which ure connected by a subterranean channel to a 
series of contacts worked b> a taut*. When the beacon 
1* In use only the eentrul white tight and one or two of 
Ibe red lights ore In action. Should the wind be north 
the red light to ibe north of the white light bora; If 
Ibe wind comes from the northwest, the red lights to 
the north nnd west are lighted. When the vane turns, 
the r.-d llghls which no longer correspond to (he dlrec 
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Map giving locations of un lighthouses and beacons existing April 



ton shed fnr dirigibles. 12. Mndenberg, near Berlin: 
Morse I 
lux i 

level; give* ti> flashes the letter L, at the i,tndeuberg 
Motf.ir.il Observatory. 18. MHz : axed acetylene 

flash llitat, Fresnel lena, 30 meters above ground. 1,200 
candle-power; belongs to the military antuuritles. ami 
indicates the dirigible abed. 14. Nauru : wireless eta 



N Id 

flashes; shows large tower of the T. 8. F. 15. Foam : 
fixed acetylene flash light, Fresnel lens, in meters above 
groniul. 1.WK) candle-power; belongs to the military 
authorities, and Is oh the Held for maneuvers. Id 
Posen : fixed electric light. Fresnel lens, .10 meters above 

Co the military authorities, la at the 
Wlmarg abed for dirigible*. 17. Berlin, at Helnkketi- 
ilnrf. fixed electric flash light, Fresnel lens, .10 meters 
above ground, 1.200 candle-power; belongs to tbe mili- 
tary authorities. IS. Sclilclsshelm. near Munich: fixed 
Bash light, 2,600 candle-power, can be raised to 30 me 



10. Mtrn»burg: fixed acetylene light, Frame] lens. 2,800 
inndlr-power: flashes ghrc number of station; at tbe 
aerudromr, and belongs to the nllltarr authorities. 20. 
Teget. near Berlin : revolving acetylene Hash light. AO 
meters above sen level I* millimeters focal distance, 
2,000 caudle-power; belongs to the Second Battalion of 



in meter* above the 
cunitlepowcr ; placed at tbe disposal of the 
ciety of Weimar by Its owner, the Carl 
of Jena ; work* when required. 



tkin of tbe wind arc extinguished ami arc replaced by 
tbe light or light*, which agree with the new position of 
the vane. When there Is do wind at all only the cen- 
tral white light Is visible. The aviator la thus ln- 
1 ns to the dlreetioo of tbe wind near the earth 
' so as to hind facing the wind, or 
Is negligible at the ground be la also 
I of this fact, 
he accompanying map from the .irropaife shows the 

al llshtl >•» and beacon* existing In Uermany on 

I 1st, 1914, and Indicates tbe characteristics of these 




of them, as follows : 

1. Belgeru on the-Klbe. In Prussian Snxony : revolv- 
ing electric light flushing once In every 1.5 seconds, T2 
above ground. 150 millimeters focal distance. 




An Aeroplane Bomb That Explode* Only oa 
Sirikim; the Ground 

Tux naw Marten-Hale aeroplane boiub, recently tested 
In England, has a very 
that It can be carried In a i 
plane without danger of acelilentnl explosion. Should 
a bomb be hit while the aeroplane Is In flight, or In 
case the aeroplane descended violently to tbe ground, by 
accident or otherwise, It la Impossible for mi explosion 
to take place. The bomb can explode only upon making 
a certain fall through Uie air and then striking the 
ground or other ohstncle. 

At the top the bomb he 8 a tall piece 0, n.tntable hy 
the air vane*. The detonator holder D Is held up away 
from the main charge by means of its collar, and ball- 
bearing G heW In place by the projecting end of a screw 
releasing spiudle U. When tbe bomb drops and the 
swindle rotates, through the action of the vanes, It Is 
screwed op until the projection moves away from the 



leasing tbe collar and tlx, 



still remains off the charge through the spring. When 
die bomb bits tbe ground, the detonator falls down on 
the charge and Area It, exploding the bomb lu tbe cus- 
cau be dmpiHMl simply by 
or fired by a spring gun. 
We Illustrate a bomb of tbe shrapnel type, 
has a total weight or 20 pounds and carries an I 
charge of about four pounds of trlnltrotoluoL It has 
.1 i steel ball*, whli i weigh pouDit* 11! mm >* 
A drop through at least 200 feet In tbe air Is needed 

to give tbe release and arm the bomb as we hare just 
seen, and as the firing mechanism Is very sensitive. It 
gives an explosion upon tbe least Impact, even on water, 
mud. snow or tbe envelope of an airship. The angle 
of Incidence con be as low lis fire degrees, as It la 
found. It la found that when dropped In any position 

of flight, the pr>> 
In falling, so as 

to bit the i 




direction and relative 
intensity of raya of light employed. 



7.000 candle power; gives warning of 
btes. mid Is ill course of canstructlun. 2. Bernkjistei 
Kucs: revolving electric light giving two flashes. 4'i" 
meters above sen level. 150 millimeters fisiil distance. 
260,000 candle-power; opened In March, and shows 
where aerodrome la- 3. Bonn: fixed electric light with 



abovn ground. 8,500 candle-power; gives by 
i or flashes the number of tbe station ; belongs to 
the muuidiiallty. 4. IKWieritx: revolving acetylene light 
Hashing every 3 seconds, 00 meters above ground, 250 
millimeters focal distance. 2T.000 cnndle-power: belongs 
to the military aerodrome, and Is soon to be lighted hy 
electricity with mocb higher ranrlle pit--r 5 Kndltx. 
near Dresden : revolving electric light with two flashes 
In a seconds, Mi meters above ground, 2fl0 millimeters 
focal distance, 200,000 candle power ; stiowB tbe aero- 
drome at Kaditr. «, Kllvese, mar Neusladt, In Han- 
over: wireless station: revolving electric light 
every 4 seconds. 22 ra ters above ground, 800,000 c 

i the tower of the T. S P. station. T. 
fixed electric llKlit with Fresnel lens, 23 meters 
above ground, 30,000 candle-power; Indicates by Bashes 
the number of tbe station: belongs to the Ootha car- 
riage factory. 8. Grosser BVldberg. in tbe Tsnnns 
Mountains: fixed electric light, 010 
level. MW.OOO candle power, which will lie i 

to be opened lu April. I). Jnhnnnlsthal, 
fixed electric light with Fresnel lens, 2fl 
above ground. 30/100 candle power, Indicates by 
the number of the station; only used when re 
. 10. Konlgsbrrg : fixed acetylene flash light 
with fresnel lens. IT. meters shove ground. 1,300 candle, 
belongs to I be military snthorlties. and Indl 
11. Uegnitx: fixed ate*, 
lens. 30 meters above gronnd, 
e number of tbe ela- 

i to tbe i 
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Electric Mine Gas Detectors' 

Ditflrent Devices that Have Been Used or Suggested to Test for Gas with an Electric Lamp 

liy Sydney F. Walker 



Tin. oraluaty .ill buniliit safety lunii. i»-tf..roi» :i 
•I. •iiTiU- ..filer iii «.ul mines It finiiUli. » Hcul. awl il 
<l.-ui.|.<s III.- j.ri'sciiec tif nrcdiitiil. .\ltl..nis:li tb.' ii.rt 
ill. I.' .'Us-trlc tuliicr**i lump Mill let tli'li-tl in. Hmiiu-. II Is 
.sifrr ibmi 1 Im- onlliii.r) iciiiiv*. snf.-tv i-nup: It is u.<i so 

.■j.stly extililElllshcd, unil It funiHl*'* .i.l.siitrtiil.Ly nu.»ri, 
lltlht The f>r» tll.lt lllc inn-trM nlll ,,..| .Meet 

-u» I- ii <N>-ii>ltaiitiiav; tu-vctih. l.^-s tli.it li-.s I •<•■ 

< cnti.il I'- n.|..|.li"ti In Itnrisl, i,, I,,.- .,.m. . i.h. i. 

(...rlilblr rl.i-trll- lill:i|~ mere let'. t> ,„„„,. |, II It II- .lit: li I-* 
;t- -tr.-nu' ri* .1- iis IlL'lll ils 111.' Ilif^-I. iVtxl MilliU-ll 

umjs. I.iil nt Miin..n .xillli'i} I'lirliituk K.iiirtati.l, s,, 

L'.ni.n Susxiiuimi iiiiinl'lc »l.s'irlr lumps li.ivi' li.en In 

ll«e f.T iiIh.ui lift y i Sin..- Ilw si rl... if eM'lo- 

slons tlul bine oecurr.il Iti cm I iiiIii.* In I In- I ule.il 
kluitibim within the lilrf Bvi- cr sl\ yenn. - v. nil ,,f 
nlileh have hwll suslli'tiil In ti. 1'iium.sI li.v til.' olil fi.rril 
..T stiffly Intnp, tkere Iihm Issm 11 strinii: t.'.-iib'ticy 
tnunr.! Ilw lm? .if eki-tlli: liniil*., Tli». .lillli tilt) .if tin- 
th-lcctHiu i.f £us Ik tmct hy the pmilsi.-n ..f n cvi-iulu 
ii illul.. r .,f safety lamlw. hy which mix .vin In- delected, 
Kln-tnvii curry an el.i-trlc lami>. and an nil burnlne 
Iiiid|. f.>r l.-stliite. 

Tin' exscntlnl feature wliiili provides tii.. — -i r*-< » >'f 
Ike clutrlc lump, tlie incliisnr.- <<f the kcjt.sl tiliimctil 
wllhlit a ffl.ilM. from whlr*i the air bus. Item cvtiuiist.sL 
the KMi- bclim pnn.iicd l.y a stout s-lass sluillnl i.. 

threw used III Ilw oil linriilnr safety la s. pm-liid.-- 

Ike nlanictit IfM-lf bctliK ""-il In mi.' v-uy us ini mill 
ctiti.r »»f ica*. In tin. eki-trle biiul-s wbt.-li Imvc ].n«.s| 
III*. Home IMlltv. Itml v.bi.-k .».'le iinntdr.l i-rUes in il 
i'viu|>Hitlon wblch t.«ik |.ln.^. Iwii j.-iils n^-t. cm ry ..f- 
forr U ixin.Us l.i nil ..ir tlir nirn-ut rmiti tin- tllumrnt lu 
..«sk ..f :lli> j|..-iit.'lLl l.i. |.|M-(ifl tk' I" III*" lillt.|. Ill ill-- 
WhI iif llir l«ni|~ Hi- i.H iiii.|.-^ ...il cl. l~. H-. lf is nln.-.. I 

Im-iwiiii tv... siirltiL'^. -t f wliii II Mini..", .sir.i.ls-tt.^i 

nith llir hiill.'r) . nntl nijytliliii: wlil. li .vmilti .■;ms*. u 
l.rvMkui;.. .if rln- lutii]* iil.iU- tit.ui. .Iinl.-ty M-vt'ts tN' 
tNi*iiH*Uwli, Inns l».f.inr Ibf l-iih .snil.I rii.il It- I" 
Ihr lHatttL'ttt. 

.Miytlilnu, llirr. I..r... wlil.1. hi.li. iili s l'Js uni-t fn- r\ 
i.-.uiil I., il... Uiu), iil.J.., i..nl .. ....ill mi. -iui.-.s hm.- 

i.sn i.ui.i. t.. s»..i-k «....,. i l.i Hi. .r i|i.. i.ii.i r i - i.. 

Hi.. |.r.'H.-ii| ILi-rc Is H.i sntl-fii. i..r> l i. rtrl.' uii. il- lts-l..! 
ii|s.ii ill.- unirti.'t. Itn.-iilnrs. s.* f.ii. Iihm M..rl.is| i.l.inir 

till. lilll-S. (lu.* Ill.l-ljli.r |'t...lll»ssl il iiiis .l.-l.-1-l..l Mint 

isml.l l»- ii«\l l.y itrt'iiM-ia. In wlil. ti Hi.. ■HtTiTi'iav in lh.- 
«l>- "f llir dlOTuslnli nf BiMliam- mi. I ..ollimrr iiiikh- 
plwrir nlr. Ilir.mth « i^.tsms dlnpliminu. "lis iiiinli' li> 
nfnTnli. mi cl.vtrlir riiit».-1. i'l..sliii; it il .I.Mil.- (In'iill 
umt lb;htliii; n miiihII lain], tlml wui. oil-ir.sl r.'.l, As fur 
n*. Uir wrlirr U nwitre, tbb. njiiiuratiLs oevt-r w.-ni ln?~ 
yofiJ tb.. tivillrji: nfnt-v : but with tbr flimniiniis ilvvrl.>|K- 
iiwntj. I but hn\e tulcon Iiliisv !u <m>ijii.«II.iii wlili H.Ttrli- 
liimi.. ii b. nvll worth nny liirviiti.r'H "Iiilr li. (six., ti). 
tbf »iil.Jn-t .mi thiw IIiim. Auutu«r a[i|nruiti!i. ikruirunl 
upon Kniiwlhllii: nf tus- Mtiih- lltv^. but jituitlliT ntnl nioft- 
lii.rtaHc. In nrniti^r.1 In lw i-lrli. i nirrlisl In th.. |.»V.t 
»r nll.sii-li|..l t.. i» lanip A 1' fin..- in wTil.-h Is ii tn.T- 

.-ilr.i .i.liitiili inill.-,it.~. Ihr l»'r .ili "I icx. in-1 til- 

InsImium-iiI. II In sIiiLm!. rim I..- .i.i : .l ii.. <sl l.i ,l,!,.t <II, 
..r in,. 

Tnt.iiunirt's ii|i|<iriitUH f.ir I.-.1I1.J fi t a.,* :i. :ni-ns 
rvmsUiH ..f IIh. f liitw sbnnn In I s tr 1. lh.- .-n.ls -t 
ublrh pnsf. intc. nl.ifj* In n nictnl I. I.h k. Tin i ;n1s ..r til.- 
I tllllt' ATP- '.fw-ll. but thf sltils :ir.< i-l.is.sl \,\ Jsir ins 

si..|^H-rs ft, tbtiK l.'.ivliii; ti sinus, ri l«.|...s-ti . -..h i-.i.t nf 
(In- I lulw immI «irb is.r .ii.i stni.^-r. i„ , h ,..,. „ 
tmlltullum nlrr r Is llx.sL ihnxwli w!ii. h ji .11--. .1.1 .1111 
1st piismsI. flth.-r fr..m th.. Ii.lln i . itlin l..-l 1.. 'I... '.:nr|i 
.ir fr.iin iin ln.l*- iH.nit.-n I Ik. r T»-r .v In ttn' .itln*r sim.-.' mt 

nlisnrlH-i.t hn« In Ik' pi. it. mi ns ir .|:^:-rliul:iiil.- In- 

l.vwn I'll, til 1.1 Cf»i. Til.- V tllti.' bus 1 v..;-y tills- !».|i'. 

tin. I in il Is whnt llu- tnv.M.f.ir n tins it ttii-.--.il ..f n^-r 
.•my Nnruuilly lh.. ni. i.ti/,. oil) !>• ;.t IN.- s;i.i„- li-..-l 
In lh.. t«.i l.-k-s, WI11-1 >i tus liiivli,.- raljilili,. Mill., 
il...! v.111 net iiis.ii Hi,- I,..! 1... I L. 1! 1 ,1 ... v, In- In tl„. v>..||- 
..in.w.i niaiiniT. misses Hit., ilw ,.|.i..||>|-,|. Hi^n-.'. h.-it Is 
Ills-till. -.1. nnil tbo Itiriinl <.f II.-. mrrrllry Is nn-li.sl 

ti.itvn ..Is- t.-S ntnl IIJ. lln- nllliT. TI..' 1' tll'ii s nr.- i!T;i<t 
MiltisT |ir..siniiiilily Ili mill:: >ti..«ln- p ; III- | s .n -. ti : -1 . .f 
l-i.s I'll; slums r N. . , .n i„, •■ i. . f,T s,-| .|, i , nr 

n-tll .Hl.-ll III.- Il| mti.s |» in i|s,. 

Alllll.l ill) I Hi.'! ll|.-'ll'"l- (bill Ini',. |., , ., . ||,|S.i. ,.,| 

•I. Is-I^l.sl ii| In- . ..him I ,,, ;|.,n t.1,1,,., ||„ .1,,,,,, ; n .| 

« lillllllllllll ..Ir.'. tll.St Is. Wll.-ll 11 . .l.ilil-: L .. : , ). 

I *s ... vr.f ill .-..litju-r siltll tl pliltlllln .-.Il>- -11.1 ,'lills'- II 

I. iii .'. Tbl- i-ilfll.-sl ii|.|,ii|-iilii», lliiil ..f |'i ,.f nil Is : 



. iii|>l....sl tun ]>utiniitii .plrnls, Rkiwlni! is|imlly. mw In 
iiliiH.si-lirrli- nlr. ami ilii- .jlhi>r hi lite icancnjn atimiH- 
Jitl.-rr In Is- lis^.sl. Tllr iM-rtfUllli;!. nf ICSK WttH foijllii 
!•> fvituliiiflliir lllf liicbt tlvrn liy 1|m> twn ].|ilral]l nil u 

|ib...|.sinHi-r ,<«iil... It ..iii .1M..1I ^..m.. 111 ICiiifjllMb nilnrn, 
lull .lily by lniiiu.v-.ls iin.l n»lnn. win, |nm>scnH.s| |bf 

ii..s~siuj skin 1 millMns-. Mr .In-H-ph xwan. wnm 

..n. r lil« iu.uti.li-MTi.1 lump wn« i» rf.s-t.iL bilr<Nliics^ 
iin 11 1 1... 1. in. nt in wlil.-b 11 . ..1 111,11. i.r im^vary. wlil.-h 
.-\|sir,.l,sl 1111,1,-r tli.. Iimr lllnr ti) II,,. mli.lyM- nf 




tit. I. — l'ur<iiun4'ti lf»« 



lln- pliillninri whs-, slmwisl tilt- in'tsts-nl ii tri- nf nn% upnn 
1 siru.luutvtl rnjlilr. 
N-.llll. fi'lirLs-H y.Mts UL^i. l.bl-l. f ll»- Stls-iiiMlm |s>t-1i|l.l.. 
-lrl<- I.iiiiv »n- b.lri.lui.^l Ini.. || U . \l,nl,..i ;i,„l u m- 

-i- l« I.i-r ,-.,lli.i 1.^ in Inirlinm. 1.11 iilliniin nils 

I.- nllin-b ,11 li.sli, nl..| I.. Ill,- tump. Thl» «u» 

, ...isl rnrlist 11I.. 111: tin- sum.' Ilins. n> Mr .l.^jrfi Sunn's, 
l ut tin- m.-1-.-ur.v l.nll. nns .s.v.-rt.l uitb Hfioiiirj. pint 
iiniiii, ami tin- nrll.sji ,,r tli." r.irlMitiMtsl uytlrngt'ii citn 
iipiu tin- m|siiii:. muss i_-uusr.| u rlw. nf lf-iiip..r*turt.. 
"111. It *ili txwnlwl l.y 11 clumu nf 
.n.r a irr.tiluntr.il wulit. Tbp Su«.,tiu 
iniuit.'ly nns lust sumsvsfnl. .siaiuit-rciitlly, thmujh a 
u-r.i liirtr' iiiimU'r wt'tx. 



lit lln- I till.sl KliiL-iliitl. 

Miosis J. H. llnluwss le Ok. ob-rt rk-u I 



1 



L11M W 



Fi|t. 2. — Klrslrical rotincttimui of Ihe gaa ddeclar. 

N.-n-mstli-. t.r.niiilit nut n mis dulsvlor abirat foor y«ini 
air., tlml »ns im.-mUsl to Ik. Ilnsl at rtllTcrrmt pinm In 
Hi.- mliii- nnil tn rlne a boll In lh« ovortDanV cabin, or 
mi tin Mirrmn.. when »» apissnns] In .s-rtnbi prrar- 
niii„-...t i|iLiiitlil.^ lu tin.* t>rifbb..rl>i>iKj nf tiisi npnafntua. 
lil (Ms :«t.|nrulus als.i. a rii>h:mn nf nw-tniry uiovIiik 
...i-r u itrmliiiilo.1 arnl.. rloss-sl an *Us-trlc contact; Uif 

I ull, nf thr ili.-rin.iniPt.-r. *s It tn» lmn-tkully. brine 
In. 1. '-.si Iii s[siiic, ]>!iilltiniii. About lhrn> yrnrs? a*.. 
I'"- I't-'l li-ru mis tflV.'ii it|i liy Mr. Ofsirir* Hnlpb. tntd 
lln- writer, mi inhiilf nr sir William (JurfDrUi. In Mr. 
Itnlfih--- ni Ti n iti-s n fciruj.lt. lirniti^'tlM'tit kooiy-D a» Ihp 

ttliT. 1. nll r i::.lt; n.-l.T 1. ns ,'mp.tny«l. Tile tralta- 

i..itur'-r Is 1111 n I'm. n, Ins m wlilrli n rurrynt panstuil In 

II .- .II ..f .Mr.' unrrniinilliis- a inni'ti.'ttc ii.-slli. maara a 
.b'tlis-iba, , r tin- li,s.'.lli'. btMirttnr a cyrlalu robitlf.0 to 
Ibv turnMiL In tlwi 1 



l«.i sm b isiil^ arlllii 111 ..|.|>.sil,. illrrs tinnn ll|sn, Ihf 
llmllr. l'tubr ..islliii.r; . ..mill i.nis tin. Dr-nlbr. Is »(a- 

ti-nuiry-; Inn If l|*. ,*urr.'lil ptisstni' In on* |] is ifmlrr 

Hum llu-it in ilic ntjii-r, tli,* ii.ssll,. ili'llit'tn. Tlu. I'lir- 

'•■'il I «• «-nll tuny I'.' I.s-ii.sl l.y 1111 burin.* In (be 

t'ln-inral risistntic ,.f tin- .in ull In wlik-ti tlml cull in 
ItiiliMk-,!. anil Mils mis tin- UHII...I uilisjit.sj |,y Mr. 
Italpk tttiL' nf lb,- ...lis .-f lln. ilirrivntlul ciilvn. 
iHitint. r itHtltnl.il lu ibis , li,-,iii u |.|iitlimin win- uhu-li 
mis arriilti'isl tn U. .\|..«.s| l„ th,. 01s. pr<u.st,s| by 
Hi.- usual ciin//... Wli.-u l'iis ihis. pr.s...iit. cnliilylic at' 
ll.sii t.siOi plsnv in llit' pUtiiimn nlrr, llm rcslstanct- of 
ihc iv In- Hurt-mill lu a c-rtain rutin tn tin- amount nf 
Hits itrt-wnt. nnl tbc tiwdk drH.i-t.-il. > iirlalltili, of 
Mr. ltnlpb'11 Dntli.sl Inclinliil llti flHnil'alus rnr I'XtJli 
suLsltlni: tlw llitln rlvi-ji l.y tin. inn, p. f„r putiliii: a 
I.UJxnr In iit-tl-uit and .itli.-f tirrauisviunola. 1 nr.srtil- 
liutel) all Ilw cxiH-rilrii'iils nj.-nl ii-iitsl. >, 111, lis,. ,\ts.|s 
Hull of IIkim. of I'isif, 1.1,,'lni: ami Sir .li~,.|,b Snau. wcr- 
niinki Willi i.rdltuiry llluuiltiiitliii; unii. It nut Mliirnnail 
by nil tbiwi- wbn yn-r.' wiirkirm in thf nriJil.ui Hut 
lonn Kin ami mini. (Ms univ tbc surac. lu Hit- l liilfil 
Kltn.i)i>m. bnuevtr. (.inn ni« ciunins about 4U |a-r 
ct-iit ,if ky,lr,<,.|i tiudnnly ulsiiit .V, (a«r ct'til. of turtbnii'; 
nkllo lulu,, ens tvnslsls ulnn.-l fiillrcly ,<r iiidllaiic. 
Ilyilnutfti mis bn> 11 i. ry mutb more cnciia.ilt' tuiulytlc 
isclloli 1111.11 11 I'lvnliic |.|.,tlmmi win. nr n|iiuiry plut 
limm thai. nMluinc; uml it «.,» found ibut IbJ apiu- 
rama that ui, if i-n-clkiii rf-mltti nidi town 1 
Ini." 11 fniiii.'ii of 1 |K't cent bis. lmv,. 
irnlUiriuiLs nli.. 11 mhiri int.. u ,.,|is.r> .iixl t.sittsl lu 
liwltlona wli.siv It ins Lnnnii rliat Dflliuuc mis |>rcn.til. 

Tkf iiHmintii, <s.nistrn.t.sl for Sir Wlllinin linrfntlli 
" is on tolully illrr. r. nt Iin,-,. Mr. i;..r(..rlli Innl In 
..■11l.1l 1111 u|,|t,mt,|s f,,r tfsll,,- f,„ f „„ „,„, id,. ,„,„ 
nary siif.-ty luuij.. i„ „|,i,.|, :l ru M..'r li.ilb Iniilii; a 
rslrnni: liutnl tmiilc mis (mil. In ihp kiln, of tlu- nil 
iHirnllit! snrcy lamp .y.ts u nils' unit t s,-lf cluiln; valve. 
Wlu-n imriuir r,,r »;»~ iin- Lull, »i, plat,,] i,, ,„„. of ike 

.initios In tin- t.s.f nlllTC S.-JI:. ,.us -.ilslii't.'il. S,|U.1Illl 
in 111.- Usui! I .Ml,, ii bull, mil nf tin: iit;ii,»|,|» r ,, lukfli. 

" ( ""- vr ""T t»'«lc. tl,,- lamp ti.k,'.l in „ 

sub' |-~ii|..ii. il„- i„„,|,. imshisl iliioiiuli lh.' Ins,, of 
tin- lump. ..nciiim; I be inlv.- In tin- i.r..,~,s. nii.l (lu- an 
In tin- I. nlli m.s iinlrtcil ... ye il.,- t|;, m ,. in i),,- L,in|. 

It nlll li' 1.11 t|i.,( 1 in, I. »ll|.. I nnnliltil Ut\» of Has In 

l»> liik.ti ,uslly atul iinlckly under .smilltb.ns ubcrc It 
nan nltaost liu|.~-il,lf by the ..nlliiat) ineibusl. of 
ii»«rly Mtiiitfiilsb'.nir tlx. Hjtlit. and imahiiic tlie lamp 
up Into n eavliy In iin- r.mf, 

in thf ui-imrntusi llierv nete one or more smalt clusa 
IiiIh-K five.! Iltsliln nf tlir usual pml.iliriK cblsa lull' i.r 
the iDliahlp eki-trtc intnlt f^ick of (hf sjnall altlsn 
Id a plutlDum nlre or it raito varying nlth Hie 
of m% that yras susiiiteil. At the entrance 10 
ouch lube wna a anlMoalni; valve tlml vaa 
iji«.ii by ibe nrntxlr «tf the rutOnir ball diiu.rlli.d 
It avrllflMll on Ulf cirrent tn lire piiitlliuin Wirt-, an.1 
11 o|iene.| Ihc wiiy r..r tlw ear. In ikiks ti. the wire, lu 
iisIiik Hie appanitiie Ike iiokjUs nr Die bulb vran ufat 
pushed into the aperture, npenln* tbu vutvc, and lime 
n-ai. eiren tu allow the platinum wire tn Come to Ha 
pmpcr leuiperatttre. Tli* mn wna iben njueeml from 
Ihe bulk over the aire. Tlie little (.it tubea wpr* ar- 
ntui«I to he oaslly ami oulebly niiluciil. and the plat 
ltium yrlre nan iirist.i'l.-il by jtnum- It, a similar manner. 
Iliouok r.n a small *.*le, (.. that In nkl.-li die nnllnar.' 
nll-korulai; nnf.l.v lump I.. pr..lect„l 

The writer, wltk bis ellcntv full Vinmleditc. narked 
nllh ordinary town lllitmluaihii; jms. and u-iih that he 
prvilu.i.1 det,cl,,r tnli's ..f siillMenl mntum,,,* In 
ahoiv the presence of (>:> |>, r ^ U Wls tu ,„ 

tentlvtl to have k'.ine ..ti fnun Unit |.,Jnt nMh purs- 
mt-tbune.. and be |.n>i»s<.'.l t., lm... uw ,,t n, c meini p,«l 
wbleh Is imir,. seii.iti,,- ih,,,, |,ii,ti„ aIn ; niel ike 
wblch lie diiiiI,' mini an experimental 
tube In which a lulladbini ivire wna employed ahowed 
that there wan eery ptvlnMli.y of eblnlninK aa rrenl 
aoeewt, with inlladlnm atul ni.-lti.iiie an he had obtulu.il 
with platinum and ordinary- ««wn en*, but lUa clur.t 
wouM not co on In tin- iipimriitiK wnrlmj mi ror sir 
William OarfoTtk It was atmncsl to curry one. two. or 
three tubes lu nny lamp, nrnl Hi.-r,. nns n muse „f , n ,^ 
with .urrejnmii.lliii; |.|iiiii,u,,i nlres, all M f ihe Mm , 
tenstli. but of varyluc s« i|..,„. „, )ha t t,.» t , tu , m , ) ri 

l*r cent op to ii j^r .suit cs.ul.l |,e obtal I. i'|,e 

lueth.-J t.. t„. n*n| 111.. the lump mnn would carry 

tubes Id his j«,cl.-et 11... I w<,i,ld make t~<u dnwnwar.1 
He wonid riH in tin- . ...t-. r lul,. | )h ,t. tlu-,, Iu!jo W IOi 
flncr «lfes, uidnuoo. 
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Navigation Without Logarithms* 
By Walter Ii. hUbimma 

of IIm- 1'rt-in'ti navy, u iimlh'-malhiau 
..f m.ie. uulhor of vuluahle work* detilluu with tin- Hi- 
Jem> i>f iinvlpitlon, unit meuil*er of .mV.i* Ictirmtl 
yi*-hiim, hiiH ttevolod |uirt of hi-* I Inw* niiiex* retire 
iwlil In produclm; liihfa'H from wliLilt it "line of |ioai- 
tUm" (Sumner Hurt cwi be worked and the nlilp'it 
IHwitliMi thereon approximately determined with the. 
leant labor and n. »borte*r time. 

The tnhle* urn- preced*-.! by a <sin.lcit*e<l explanation 
for Itii' benefit of Itnw utm wl*h In understand tbelr 
ui.ituriiLHilc.tl development ; I -ill U>o many practical and 
eilUient iiavictitr-r* w bo l-t!i<T Little vi||H IhooTy will 
In* Interested to know what * ;\\>\ tiusou ilwn, without 
having to concern Ibemwclve* us tn bow he Jut'« 11 

i.fr.l up ytmr luniuiuutlMi .-tin) wmHi* the world and 
lite heavenly bodlc hh Mt:imlliu' -mil: *upnoi*'. further, 
that yma ship i* coiuiccU'il with > heavenly t*n|y n«t 
directly overhead the sun. for UikIiiik-o — by u tUeel rod 
bavin* ti uni vi-n.nl trt^irliu* where attached to tin- tdiip 
;un1 another v,h* t*' ,ni..ihi'd h- tin- sun. SUM mi >our 
cimbie and let tin- v.bo.1 ;iloi,e. The »1ilp will he 
rnntnuifil by tin- r.-l I tint «he a .out tiWnhv uu eimi 

moii* circle mi tin- f>n r tin* witter*. lmvit>L' f"»' H* 

renter rtml i Mtl tit .ui tiki- earth* surfitiv nt which the 
-mi U iIm'Ii In tin- yenirh. Xh-auwhtU-. the rm) describe* 
mi ciioi'tnuil* cur v«. U 1 1 the mm ill lln- npex, uiwl when 
we etHisldcr that Hi.* ™m "» altitude. ..r Helihr, 1* tiien« 
urn! I-) the murk tml»«cd between Hie n«l and I he 

lm-i> uf Hi nn» { roughly >, wo i-iiu rcullw 1 bit t mi oh 

Mffvi-i t*i Uonl, inking lhi» MitnV hiib'til wlili ii sextant 
nt freniieol iniertuK wjl! trl tlK' biwav liol^hl ull tlu* 
wiiv an wild Itw vlrtle. 

i"l«' f*irvfit>lri^ must t»e •inalltlixl in j-riH-tkif Ihi^uum* 
Hi*- world i.mc MrniMl »r ill :i tM | tti.- ship Is not prfnK 

to will imi a rircii|»r «mhi--»-; Ihm'. ^t»- In on itw rtrrgm- 
frri'iwv lit tin* □intiHMil cf .'l^rrintl.iii. t.itl mIm.' »ll.-»T tic 
<r»rs>ln^ II at nnv inislr tMM'iiu^ lb< a i»orJtJirti of tin,' 
4vnl4*r i.f tin' iii-4'l*- ami tli^ dlni tloii Id which 1b*> rlr 
fuiurvmicv iwiil'. il.tHixl ui«.n thv Min mid not np*io 
I In' Hhlp. 

If flu- Nllip Ik- It T.^t. tbr ..Urrr«l illlllu.k- nf tbt* 
sun will \ua-- <>tutlmidil)> from hour to limir Iwiuim 
of tin- :i|i|i:ii>*nt un>ii.'ii or ilt<< Mm In htM itlnrn.tl conr»c. 
If the rihlti U- in nt' >t !• it. Hi" .iJf-.nt'tl itHKoilf -'f 
t«aii will Uli«'wrl-»r 4(ianii«' frtmi hour to hour, liul otiljr 
U-4-niisf t-f ttit* vnnS up|»iri'iit ijtunuil aiotlou. but uIbo. 
h It Itini^li hy :i r-i»ni|nii-ntlvi'ly >.m(ill .ini^imt Immtiiijip of 
tttir- fiivl I Nil I lln- Mlitp Ih MiriWr way pun-Ming it oertnln 
onir-it- mill nmktiiic ti iitIiiIii rnlr of ^tevd. U in evi- 
dent tliitt sIm* may 1m- c*on-«.ldi'rrd tn lie crcuwiiitt a Clr- 
rKnifiTciH"** nt any ruoitwiit tuid tluit all snui ntiwcrvit' 
tloii^ l*)k*M nt rA.it manual fp^tni uhliw »wi dlnVrvnt 
imt-lx <>S ttml titt umfrrt n.-.' will >li..w th-:* toiinc nUHmW- 

Two pnit'li-mn prrHi tit ltnin-<ebt^! 

Fl.^t : To 6ml the HrcumftTrncr. 

Mnv.nd: To find tlu> |nt4nt at which thr ship was 
i-ri>t«*iiitf It wtwn the ol»*f'Tv»tloii wa* tnkPti- 

Tli4-y hiivo Uvn 4lv;i1i with In v^tImmh wjjm. An nble 
l-'rrni'h ndndrul. Mnroi di* S;tlnl Illhitn-. cvtdvrtl itn ml- 
mlnihli* wlull-.ni li> working i-tit the dl^tnttee (rum 
th<- d»5itl nTkoiitn^ |h^1iit tilnurst alwnys !nn.n> or h-« 
(.rriMHHHiH— to rhe rhviimfi^ixv ; 1iN mrlhiMl irany t* 
imtliDiMl u« follows: The nuvi«iilor mviitrtir?* Ou; lietelit 
wilh a Ht'Xtitnt. iiolen the time, tbi-o ritU'utatt * the 
tM'lirht he would liflvn £i4ion nt Ihr dftiil-Tvcljoiitnc 
|H>Hit nt th^ nii>iii»-iit of olwiTvntlon If thi< two li^l^lttH 
anrtw 11m- ditnt m*4i>tM>i»i iiia>' lw ii'Ht'Hiil n?< n<rml. 
for It ouiiiddi-s with tin.- rlrt'iunfen^ief : th)*< iHi-nr* but 
nir. ly: «k i. u>uut Ihlni; thi- di>ud riH-lwitilni: point fnllM 
N*v«tra1 mlinit4-M 0>f dlstniwt oiitMdo. Iho otrrlP or 
within H. two In'fehtH rcHult, aod tho «||fr« r. •»..-,■ Im Iu.h o 
llvm iiuiMt«< lJu- iiuvixJil«ir to work nut Ihv iTWr In 
df*tiMMV fioin iUw] n^ktrtiiiii; t« 4-liv-uuifi*ri!iH*i'. '1 hi?* 



Itn- M.lntlMli of 111. MHN....I la >Ii,ip|.i. UK-=»ll»f t|H- 
4hwd nH koiiini; i- ^iillk-lrntl: rrlhiliN- it> limit to n fvw 
t+n iiilU^* »li;'l portion of 1ln- i'lix-iiiiifiTi a t»w nt »i|di? 
I>»>liit tn wJilfh Itw ot'srnallon must hnvi* liccn tuki-ii. 
HlMf Ho- Hi. -I., u wry lur^\ OiIm miuiII ("flton of clr- 
4*iunf<>tvin-t' i«i:is 1^- ilnvplfd :ik a xlnii^M Urn'. It U 
I hi- iwvU-iilorV -Urn- of | N Mhi*in" mid t Ii— ship < <ro« 
Ins i-ililt tlli t ri'.-ii Is itiwly iiftproxliu.it^J t.y the ittpoc. 
Hon of tlw^ c.Ni<» r ..r tin* < lrt lr from tli«- di-tid nvkntilni: 
|MilM, whtrh dilu tion, til.' >llll Ih Mm- /*iiU1i of the 

tirtieV cvtit4 , f. U U'lidt-t'**! ■•> tht- ttxkitoitti 

Itnt thlfi inrlb.xl. tliouirh fur llir u»«t dr^lniblc IIwhi 
ri'Clfiilly, involrc* tin- diitii'ir of crn>r. the llmo, liihor. 
tiiot Irrlt.iiS.rt. ti^.-M.iHl.lo from iiti mipj.llli« nn-.ty of 
lo^iirlihni- -I n-Jolo. 1 1 1 n r I A tu imi mihti upon to .>v- 
jti-s* tlio -*-iitliiW'iit-« «llh M'hU'h ti tlrt'd mid liunury 
IM4 ti pi oiL skin* rv^TiU loir.irllhnis I (if i-iiliulntloit of 
liolL'ht til lhi> .l.nd t. . i..- nil,- iM.li.t mil- f..| :i tinlT 
down, Hi' 1 ii^liniitli T"! il.n» .ii four tiwtiv. ^m*I lht<**> 
'•|N*r;il|oii* an* followed by ,ui i'\r?irKh>u Inl" Iric^ioiu 

• \*.t.V. '1:1 1. 1. - .If Vo u-j-ImI,,- In. Ik l.-IT-H |I. TKt f 

i^rrault, K*tttfurm> t'»il*. 1UtI<w frutn *c*#n«, 



wry to l.-^llw th* i-nrtiH; whhii rmull, If >o« nns an 
iiiaiilcur, will duuhlJeiM bv wnoi^, white. If n profm 
nioiuil. >4iu will iKit burr trlnl It. 

With 4'upl. Cuyoii's tnhh'M one rnlf-rK with inic bcixht 
iliul ito«illilllli»«i III ii 1KI(J»* itt'VOti>i1 to tin* JippmUmiite 
intlltnk- and UU* mil two loiml^. mnn* to a impp 
diluted to the nppruilmalc 
two iwiri'. With thcs*e nomtH-r* 1 
tit uddlllon ami two In fluMrmctUMi, Lh<-ii ruhsc oiT the 
h!iI]i'h potiltlou oo Uie chart. 

One ran wilj admire the loft> uin-uinvfii with nhtHi 
fjjit. 1»u>ou JllgtflLH dUtancva, «HNM-'U)ly am lie juKtClen 
tbi.ui ocruratfly. Oi* of htn ctrclin «a iiwUme the 
k't»n(t-r jMirt of n Iirta1t.pli.-rv. hut he dr** not h»Hute 
to »1litr II down until tlw «>ad- reckoning LathixUi «iln 
I'hkw with lli* en iw* I or, whrn- he performs titw nkathc- 
tiiiiiknl f«al with the two heitfUU) K»l4W civilly »Md1nt! 
the cirt'le bnt'k aciibi. Of coame the obj*r-tion at once 
iitisicM that the bavlmlor wodIiI not hnrc e/ilim the 
Miiiw otiwrved and cnlciihitoil b.*iirhi> on the muutnr 
rhai ho did i£rt In hlshcr UlllwU^ tnil lu-rv t'yipr. 
r»nyimn vecwntile rewMUrrr c<iinnti Into phi), for Itn- im vi- 
ta tor irouirf liavn ja>t tfii th** Nime mnnlK-r of iiiinulo-t 
of 4llfriTi'ow brtwern tlwi tw<i hctcbtii 14-xprwwiMt tn 
Jiiliml.-* of (he rvMpwtlvo latitudes i. Thb* illrTctn'ikc**, 
ii;* wc hart? nhovc. ylvW* the error In dMntkV 1k»- 
tween dead rctkonbiff Jirnl circuiufrniiLe. mid from It. 
In (•oiii*vt»4in with the aximmti. the p^itittkiQ can be 
worlcpd out. 

Hut r«pt *;«yoO di^-w not »»lldc dour, to Iho e*iun1flr 
iwrvly In Hciirtii of tin? Ab.iv*-nniitbm«1 err»»r, tic luia 
uiiiMltcr irariMMN* mid It k imlwt iiiin-nioiKly accuiu- 
plksilMtl: wr utl kiHiw that the hu«U «if ntivluutlon U the 
>1dicr1cfll iriniigU<, ami that* thrv*- parts of It — two nld<* 
and one aiislc. for ln*lance— luuti K* kivowu U-forf- It 
nm be Kolvt-d Hul lahlefi culllni: for (he coaihlnatbia 
of three koown 4|iiaiitttU^t lhroui;houl ttic extent of DO 
di^roc* of latitude und .*ti9"i dccrois of Innrftndc wmild 
lw« py>ihIciyiun and Impractical. With ..uly tw« Ieimiwii 
■pjontltkw thcHO r*tjetiioiiH do imt .iblaln. but two 
Vnowti ipjuutltlea tlo not noflitT to noire the problem- lu 
dm wine up hi* tub-lea Cnpt. Otiyou hua nawl thrvr. of 
whlrh llw> latitude is the ihliNl, nrwl has cmp1nye*1 a 
IrU'oiioiiH'Irlcal formula In which the required retail 
tibtulneil hy multlplyliuC functhuis tif the two 4ither 
kwmii iiuuutltUv by the tiu^ent of one half tlw e.wn- 
pbmciil of tlwi third (the tatlti»oV>. Since he has «|1d 
l)N circle down until tb^ (dead reckoning) Intltode 
CuilKiilra with tlw fpntlor liU latitude U 0 detfrve: the 
euaijiU-iDcnt 'JO deieret-s; and the tiuiitetit 4 DO d<- 
irrec5 ■*• 1. wbtcii. u» u ninltipller, pony be dUrcciirdcd. 
tbuH rrdndni; the known guiiutttlca which mitAt tw con- 
rfdered to two, and rciMlerlnii th* tablew prncticiihU'. 

Utile kitowledde of iiavU-aUoii Ih retjulred In indiitf 
ttietn. One mtiHt underKtand redacloi: idmrrveil liHeht 
to true and rorrtytlur tht! drcliiuitlon for tike moment 
of oliacrvatlon. It I* of court* ntHH4i>ary to Ih? familiar 
with the varieties of time u**<1 at w?n, In luturlnc. tirte 
mir»t kliow. himI obaene. the dlffencv between -f and --. 

Tbeat! moderate mpilnmiciiK cmd be inii*tercd lu n 
few cv-enlnt's. am) practice may then he I win over mi 
fltilttcjHl liorlw.n, or otherwb**, for the tnlib-*- Include a 
pave 4if dlret*tfoiia which ent'er nil cntet. and nto tic 
blindly followed to a corrett mtnlt. A innerul <xtiK'et> 
lt4»n tif the priticlplcit t.f naiifiiibin tin«l tlv probh-mx 
Involvoit will conn? with practice and the- mfVKMlty of 

thlnkhiit out 'S cuWakc^. ntal. In a nhort time, a 

new hnml ;tli«nM U- able to work at nUht with contl. 



Man'* Chin 

A Dynamical Haala far Physical and Payeho-I'hyalo- 
loglrat I'llliUaa. 

To iioctiinit for Ibe prewen.-r ut mnn's chin at W*t 
Hint- .IIITcrcot cxplnnntbn^ have liocn hr.ouht forwanl 
:.i>.| iiiseitMHil; lb That the chin hn« lieen evolved by 
w\ selc*il.«ai for Us le^thHb- valtH-; il'i Hint It wuk 
nectlful for the dcvelnpiniiit of the m*nlo kUi«*uI iuiim-Ic 
tiixl M|^ooch : f*T> that with man's ci-oct |-i-<|iin* tl»e chbi 
Iuik lat-n (bietly u-«-f«l in iitTt»rdiui£ r-Htii ft»r itni»<ir(atit 
stnnturvf! in the thront. uimI tu prote<1hu thitu dnrini: 
•laubrtt. « b-. Tln^i- cx|vhiiiatb.u* have *o fur incr wilh 
teri little JtMftitatMT 

A <-oiwc|rtlon of the chin a« a nVniMJiuf facror lu 
both luasllmttifii unit ft-pecch di«-s in*t appear to hasv 
h^'bi-il atb'otioii An **m^|im-»t i \:>inli. Ii.tr the ilentiil 
mti'luiiiiHtu *m n ty|A' t^f mitchiur new to blni wou'd. 
no In-line ihiTt- wa* a (Mn^ldrrublc bulk of rwwlnii'- 



wunl uimI biifkwunl of IriuiKlution Tin- rtMiihinod 
iuov*iu«-nts nn- »u> d I reel n l that at woaic part* tif I be 
jaw the i^uHaiit wloclt; 1» !«•»*- than wotibl txlst If 
either oinapimetjt were to ;n't nbrtie : nil* I M about a 
pwuL .-•lluttti^l bitwci^i the j-iw itiJirlc and tlw ■ "lid > h; 
tla- repliant vehN-tty U ..uo.1l that *.ioe «4i-^rt-erM 
miHtnkvnl.v U-llototl It to be nil. At 11*. chin, on the 
Kher hand, the dimilluiw of the cocn|Mmciit uno.yiwnN 
are aurh Utnt thr mutUnt velocity reuehe* nearly tit 
iiitixlmunfe ucccleratlon- 

My HUjopMloa I* not tpilte tluit the « bin U «.lni]»Jr 
nmiiV iiiiistlcattuu lumuu'r: itoniethllic mt her lean cru<U? 
il.uo a purely | H <iywlte fmntUio U enndltluned by tlw 

iiM.aivh|ii f »b.- chin \i> doubt the umoicutiun trf 

the chin may apj«<ar to l»e a wry small c»a it rib utl on to 
the tTiicddc ruble muscular fo*c*.* often naiil In rht-wlns. 
Vet mi tbc teeth thruira-'lvca many mort^holotVcal tbialls 
that liave iNeen preaerretl a* dbttlnet wpetrUh' few t urea 
nee mi Miiall tluit we do not yet know what I he pur 
tb-tibir utllllh-K are tluit deterruln.il their ».ba?«- and 
Hiirvival. l*wrllM*r. there in unother j -x-itlSii rM y In the 
ninrtdlblr noociuent thnt uuiy have *tnne ulicoltb inf- 
ill Hi Ih ii •Miint Ion. iHirlni: a (mip|MKUihbi) mil form 
movement of rotation atuait tile e».tii|y|e an borixiditnl 
«\K the in-counpanytstf trautdathiu movement U not 
uniform, Iwit reUtlviiy varied— alow or Kmall In the 
tfUliiniuK. quicker In the middle, and slower acaii, 
tt»ward the end of the condyle |«th, TliU In favorable 
tti the normal rAi/ihiiiKw/ miwement tif tile jaw hy jtii- 
Utts In itotiH> decree a pendulum like character b> itn 
»wltik' Ami 1t t»o hujiH iiH that the iH^ltbai of max! 
miiiii vclticH) (and iiMaueutuiii | cobH-bl*-* wMh tin* 
I^Mitlou trf ferrfilcat re«dt»taiice arat futalfttrnlti hi che»- 
bw -that U. when the enrtin* ed S e* trf the eittenul 
M*il*'H trf tit.* I.iw.-r fli.S'fc t.t'Cti a rt k Jlfc>4 nli.rtlt tit piix* 
ttirlr u|.|Mrr uii.HMir.itH In lb.* inwanlHiti.l-ttpwjtril hIh'iii'- 
iuc Ihriixt. Tbc rfakn Diniui.otam opcriit. 1 * muN4 •flrK.iicly 
Jii*i ;.Umt. tin' piUnt wlirrr- It I* tn<*t ii!M*ftil In pn*s.^-r- 
Uitc tlir rti?tbintrnl i»i.vi*iti*>iit of inaMl.'Wlloii, .... »m ti. 
n^mliT lct«H m-.-.H«fqir.v »ny ruiuHouufbr illnM*hHl vurUtixn 
In tbn luUM'ular i^f.«t |mt fortii in tiny tint 



I, r- Ih' n^nrlv ivrtnlii t.. »hK— «i, H t cVw Hit* do'' Tin- 
rlilh w«w I* jituntcl nt til.* imtrr .'.it] of til-* J/in- U vc. 
utu-rt' ttu tnMiH'liltilit Is L r n^*trst- It \» Nrillt n|> hi Mh' 
l.i'iivli-r inat.'i'hil iim4m1 in tlw tt*'l"'i"l' <iM^<lri|.*M.>ri. 
TlnT.' I« iili.illi.'r |»>lllt. Hull "UN* -jIiiiiIiI ]ImI lit.. 

i*.'j|i|llv <lhuii« us it iti.T.* 4sili.-|i)i'iu^. K.i-r) rttc..t Ion 
iiii.i i impm i.r H... itiiiit.lll.l- .l.irli t- It* .■l.'HUli.ii or kIjuI- 
tiut li« t-wnibUlitl Willi 11 u imireuBajl- uUllt.iH.ly 



Tltrti. ill lltv ntmii-mil- sJiijtllt-r chrwiMC mkivwimiiIs 
...r tin- llm-r riMlui'tiiMi *>t Utad jnnntt'l^. flic .'bin m.^s 
(It.v ti.ttb lui-rtlii aiiil intimc.ntiun 1 tin^ at It'ti^t i*..iim' 
vttlMi- H « :i -inilriiw"! mtttmlllnr mnt miltlhu: (he ill"' 
Urn i.r tllrin.tS.ai hi tlie thrUHt. The iitlllt.v ••< Iwlnii.'.. 
liilliK-my. the .uii««rilctliiii of lumiy mith-niaili. luii^r 
iDi'titj. Um'Iv ..r l>rilt.b iMtltl-r. rn»ir blilxllr. sl-wir, rt.'.l 
lu thf ti*t* .if whii-b fiooi.. jtrv-lMUtn In r<t|iilrMl ; tliitt 
fwtlutv In cu4i.it rut-tii.)! bn>. ununllT tit?«n ntlnfrtctl. tiiul 
hK» nnrrlvcd t|ultc llMlr|»iiiKtjtlr of llli.v twlwrlollx >tr 
tlirorpll<-al mtlinatiull of itt •qHt-inl fin.i tlniL Tlw. olivl 
<m* «l>Jc.tiiai tltat iinlmnltt mniiasc the "oh-cHto" ..f 
ittii~tl.-atl.iii wltli.iut ti cltlit i-oultl lm tuft "illy hy si.liiu 
more fully Into lln- Oytinml.K of tbc ttubject. Tblx ii.it. li 
at Icn.'.t cnu Itr wtiitctl Iictc n« IiHdiz ttu«t-r|t4lhU. of proof 

tliat a* ciiniiiirr.1 with tlw prtitniatluuM tutvasvi or tli^ 
*|n\ tltc tlcotal niHKiratitf ..r mortem Hrtllaril mint l» 
tin- • liit.-r" mii.ltliif In «tt far ui. II It tlic ItCtrr ittUiiKot 
for flM^r nlu-ariiic -.trc^v-.. Ity vrltlrli tnutclt ft««Wtifl's 
tire ctriinniliiiitr.1 «-lth otNtomity of effort. 

Tin' itltovc Mtutif.'Mtltin t*t *'1kiI«hc1iuz*' aurt '•"tra.lylus" 
ulllitl.- nut iiIko 1«- ii)i|.li.-l lo the ta|.l(l mid v.-l tiill 
mtcly tHittlrolli-tl inovrnit-titN of tilt- maatUlilc lu h.|ic.i-Ii. 
TIi.. man i»ho w r.ito a I.m* oit "Th* Hpcu-h of Mmtkcyt." 
mletit i««-llily h» it- tiatl Iii^h. of more hiki-c— in Inlt-r- 
l>rc<liili tht- •laiuriuiKc" of Hm-w iminiaN If only It.- 
.-..nl.l tuitrc t.titMluc.1 diiiI stclidiitl lltclr JIMh-tIo^s iiii.I 
. Iwtl. I llii,-~ to |.r..il.llit|j litem irlth si.«l wclj-lity i-hlti* 

[••nmi it letter tu V«J«.^ l.y It. M. Slutw. 



The Melting ud Solidifying Points of Ijivi 

.M n.T.iiil.l N given In Hie I'rnKtdtmtut of tin- Mailt.- 

n>.-ni\»l.-«l S.«-»cl> Tokyo, l,, K Kugl ami T. Ml... 

inn-til. of ••■in.- Iihi-.iSki.H..ii» In n-liilitt'i to tit- al.n.- 
►iit.J.->t- It.v no :i|i|.tr,iUH .l.-«lmitil lo id.e Kinantliim- 
im«ly Null tin- tt-in|viitliir>> mill .•livtrtctil t-.itiiluctli Ity 

llf lllVlt. ^ l-tltl^C nf ll-ltllMTtlluri-l* IVtlH ..llttlllN^I llM'l 

vtltl.lt U.il Ik u.-lilii^ tiitit M.lliliryinj:. on Hit- ^K«tinipi 
dim tluit lln- ol.»'l ri. itl 1'iifiiKnih Itv of the molti-lt livu 
lnontis.-« |ir.itmrl!.mittt-l> vtllh I hi' .Iittiii-j. of vl^sisllj. 
A i-tltvo In which cnrr..|tt. niircwiitllu; n.tiHuclli ID , I. 
Iilottr.1 ttgiill.tt ti..tiii.-rtittirc Mlt.m> a Im^hi ..f liitlt-.-ti.iit 
ut nli«»iit l.l*)*t licit, t'eiit,. which tic iitillion. ftHu.ttlcr 
ninilii t'orn-^lNiriil to lln- nicltilic itolnf of n crv^tnllln.- 
stll^L.tii'i'. '1'hc vnLllc^ irtvt'tt of tile v]N*e1tlc CC*lMt|ll.^. 
nr vttrUtttH i. nitur.- -ttc. tn ille i.t li:lili..rt,,..l ,.t ll.c 
IDclllltt l-^lit. Hoiin wlitll linu lll.l I. tll^l of unlet- 
Tlw Imi.irllino- ..f thin ltiitli ...iMlm-livity In ci-ulitrliiin 
vilili lis Inflnt'itti' tij^in the t>i-..|*iirittl..i. of llerlxljtii 
vtit.es Is i-.hil.sl .ml. The re>nlls ..r He inciting i».lnl 
ilci.-niiliiiill.nis ™ri' isniniti!'..! vt llh .ilssi r i ;ilj..iis 1.1:1. li- 
lt) • >. f the IHlllters tljit'li :l l:IMI sftvoptt f.t.iti ;l ...1 

.-..ti.- l.y iiteiiiL-. iif ii lloMsiri. Knrllsiuni nt.lli'j] 1'tr.. 
li.li/ •Hie lesnlls slh.w Ul.it Hie etniiiil |.v tiiUK-ler 
l-llllllol It I1|kj11 fot HIWll IIKMlturclUlrtlt,. 
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Applications of the*Coolidge X-Ray Tube" 

Illustrating the Varied Subjects that are Within the Range of a Single, Simple Tube 

By Dr. Whi. l. r I'. Davey 



Tutu bar* lately tx-cn pnMlahed many very Inter*--! 
tag radiographs of flowers, leave* and Insects. TypU vl 
Instances are abown by Pierre Goby, Hail-Edwards mini 
\A hers. These men have found It doslrablo In surh 
nock lu un tubes) In which tbe vacuum was widely 
different from that employed In ordinary radlographi* 
work. Tor limtaniv. In referring to a splendid rnilln 

" llepruducetl from tlie *7raprsl gsraf/SJ JrrHo*. 



grajih of tulip blossoms, Hall-Edward* (Archives of 
tbe Roentgen ray, June. 1914), who la using tubes of 
tbe ordinary type ( In this case a "Muller" with a Bauer 
regulator) note* that "It 1* rather dangerous to use 
new tube* for tbla purpose < although tbe beat result* 
ran undoubtedly be obtained by thetu), for the reason 
tbat It la very eaay to paaa the boundary tin* and get 
a vacuum so low tbat It cannot be raised without ra- 



exhaustiug tbe tube." Such difficulties, though tbe/ 
have not prevented securing beautiful radiographs, nave 
doubtless kept tbla method of internal and structural 
photography from advancing ns rapidly as It might 
otherwise nave done. 
The Coolldge X-ray tube' ban proved Itself lu be un 



■lice n»*fceJ u.,„r, Drcrsstxr. 1D13, or Omni Kteetrtt 
RiWra, rsWusry. I KM. 






Kern hud and dandelion bud. illustrating wide 
lalHndr of type. 



Kern leaf wilh colonies of buns. 



Cherry twigs, with young leaves, 
freahly opened flowers. 



huds, and 






Cherry Iwiga with mature blossoms. Two 
blossoms have losl I heir petala. 



Cherry twig. The cherry is starting to form 
around (he pit. 



Cherry I wig. The cherries here shown sre 
about half developed. 






Golden -rod gall. The worm inside 
Is alive, and was nol injured. 



Craylish. This subject differs from 
Ihe tadpole, ia that the bony 
structure is on lite outside. 



Ingeraall watch. Shooing rase wilh which 
dense subjects can be examined. 
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i-fticieut tool In (lie hand* uf tlw mwlteul profession, and 
l( tt UU Itt to the writer that It would prove equally 
vuluahle to botanists nod biologists lu connection with 
the study of plunt and animal life. 

TIM' inn In advantage* lu the use of the Ooulidge tube 
are ( 1 1 tlw Independence of tbe quantity and the pene- 
trating ability of the rays produced, 1-1 tbe «we and 
rapidity with which ttie quantity and penetration of 
tlw rays may be regulated, and (S) (be fact that when 
tbe tube la oner adjusted to tlu- requirement* of the 
operator It needs no furthpr attention. To bring tbe 
lube to any desired adjustment, the u|s*rator pull* u 
handle which regulate* the current through the tunc, 
thus determining dniinltely tlir i|unutlty of X nij* pro 
iIihmiI. lie then uiljin-t* tlie voltage iriw the lube 



until Uw |aiiet ration la of the desired dcgri*e. The** 
adjustment* are rapid and require tbe uiiultnuui uf 
tochnlcml akUl. 

To Illustrate thl*, tbe writer look » tube at raoduui 
and look a number of radiographs uf various botanleul 
spedo-reus. It will* at onee found that, when the prop- 
er penetration and exposure bad lieen determined, the 
tadlograpb* noild be dupllenteil time after tlnie with 



n 



ataaslute |irei'Uliili. 'I'ticti biological s*M>ciiui'U* were 
tried, ami Anally radlograplv- "ere taken uf dense ob- 
Jitm. such ns fuse plug* ami Ingcraoll watcfaeH. A* lit 
tbe ease of tike botanical *|Tcvinien*, all of these ruillo- 
gruplis eould be lieMMMy tvpnsJuced n* often a* 
desired. 

Tlie radiograph*, reproduced brre were not chosen 
front the total number taken Iwauw. 1 of »ny novelty or 
excellence Id the pictures themselves, but rather because 
tbey show what a wide range of work can be dour with 
• single t'oolldgc tube, and tieca iw- they suggest tliat 
the Coolldgr tube la destined to become a predated ■>■ 
--tnimohl of value to tbe bntanUI, biologist and intneral- 
oglst ii ■ well a* to tlie |iby>li-fc«t and the physician. 

None of the picture* shown here have lava retouched 
af altcrtsi in any way. 




Tadpole 



Note growth at Ike intestines, and 
oaeilrallon of vertebrae. 




The •■balances mott commonly used 
la Imitate diamonds are fused oxide 
of aluminium, quartz, and lead glass. 
The figure shews a radiograph of 
these three as contrasted with a dia- 
mond of the same aire. In the order 
of transparency to X-raya tbey are: 
diamond, fused oxide af aluminium, 
nuartf. lead glass. 





Egg, nearly hatched. 




Pour-legged chicken, rive hours old. Showing curious 
formation of the skeleton. 



Tadpole. Magnified three and one half diameters. 
Note silkies af food in the intestines. 



A yoaag frog. OsalArallon of the bone* 
nearly complete. 



Alcohol as ■ Motorcar Fuel 

Iff some experiments recently made In Kugluud ex- 
cellent results were obtained with alcohol as a fuel, 
the only change to tbe motor being an alteration of 
the carbureter Jet- It U well known that uniuy Inter- 
nal combustion motor* designed for gasoline will run 
•tulle well when slcidiol l» Ihxl, tall If the latter fuel 
huh to la* used exclusive!), undoubted!) mime lacreUHe 
In cnmpt-es*li*n aver lltat cotninotily used would be 
provided for. and lite motor used In this teat evidently 
had a fairly high compression. 

The car via a 15 -.n burse-nuwer. with four SO 
mliUmeter by I'M millimeter cy11auVi>. uud weighing 
■JSSi hundredweight approximately, the total running 
weight being bnndredwelghl approximately. Tbe 
engine reroluttona at 20 miles per hour were 1100 i-er 
mlnote. The car was titled wttli a Zenlrh carbureter, 
bntisnntiil type, ami beyond changing the Jeta between 
louts no other pr>-|ai ration for u<lug the various fuels 



was nude. Tile cubical contents of tbe compression 
*pace of n cylinder of toe engine was 1S1.0 cubic centi- 
meters, mid tbe cubical contents of tbe volume swept 
by the piston was 003.1*4 cubic centimeters, giving a 
compression ratio of 1.3. Tbe following fuels were 
used: .Shell No. 2, beutol. commercial methylated 
spirit, containing the usual denaturants and Ik) per 
cent uf alcohol, and a mixture of cuunl parts of the 
two last fuels. All were purchased In the open mar 
ket by Ibe club. The trial waa held uia>u llrooklanda 
Track, and tlie weutfaer waa very hot. Tbe following 
are the results uf the lasts: 



MataM 

•r-.-v. sivll No. 
■a it h 



■nil part* 

Mcts-plsted p-efh>'lan«l 
splrtr stithl 

sad liennil 



BetMsV 



m u na>i «.)is.pitti» B .> l u usp> 

tt Msm :|| Ks P ( l» aaraps M Ha\M 

A ll sou es t as ta p.h 40 Tam.cti 40 aim pit loiamnti 



The engine, ou account of the hot weather, waa al- 
ways warm when started, and thus no dlnVulty wu« 
experienced In starting. 

Commenting ou lbc*»c teals, the agents of the cur 
used, remit rk : "The fact that tbe *f***d 'all out' on 
mctiiylateil spirit* wa* enmpamble to tbe speeds ob- 
tained with etfcef fuel* siama to Indicate that Ibe use 
of denatured alcohol la inert-It 11 (lueatloti of price, and 
llmt If this fuel were available In autCcleutly large 
ijunntith's at a siilbiiently low price there are no 
serious obstacle* In the way of Its euploymeuL We 
take It that these results may be of direct and Imuie^ 
diule vulin- as a]*jilled to the use of motor vehicles In 
many colonic* and foreign countries. So far as 
tiroat Britain Is concerned, the interest Is lu a sense 

iM-ademlc, since the prvsent pri f nwtbilatisl *plrlt« 

is cfuisidersbly hlglo-r Hnm that of tta»o]|iM> or ls>n 
nil, lurteh ouine to various reatrtctious In the 1 
fncliire ami *«ile." 



GOO; 
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Heredity — V 

New Throries and Facts Relating to tin- History of Organic Hi-in^s 

By Prof. Williiun Batesou 



ItecttKnttioU of <lw alifllllknUAi- o* penality la nnal- 
ero. ITu- tpnu Itaelf In il- ail-ntUI.- »«■«• Is no nhk-r 
ttinu Hprbprt Miwoct-r. Animals aw! l-hinta. an- foniusl 
u» til.ii->. <if llvln". matprlul split from tin- l«»l> of 
the -aiwlll t-ricanlsnv*- Their -aiw.-rs anil families nrv 
t«d in their |ihjr-ln3oitK-tl .11-1*111. Tli«y mv tin- t:t«i- 
M>4|iu-Jicr of a jrt'OL'tk* i.nxi-o., and yet II is tail) lately 
lluu tUlM jrwietlp prvss-sa bin hintm.- tin- siit»J.i-t of 
«j»l«il*«l.- n-arar.-h and exin-rLuienl Tlie .-urlo-ltv 
of naturalists lu>» .nf roiinc always 1»-«i uttra.-tpd ■■> 

slleb lirolileliia : lint tluif ll.v-liratp klloutp.*e of uehet- 
iti Is (if ininiinoiiht 1ui|s>rfanti- lo any Dltt-mpt to 
uinler-nnnd the luilnia- of llvlni! Ihliii* luis only tiet-ti 
n-nliu.il quite lulely. evrii hy naturalist*, ami with 
.usonl ei.airtluna tbv Inity still know iHitiilntf >if the 
mutter, lilatorlaiix uVlnite Ibe |ta-l of liimiiiit 
>-|aa-lea, and slat.*uien ordt-r Its prpv-nt or pro-fpu* to 
cubic lla ftltvire u» If the autnml mau, Ibe unit of their 
mh-ulalltws. Willi lib. vast diversity of la.w.rs. won- 11 
lumnareuiajn unit. rial, width pan I* multiplied Uk<- 

The reason for tUU twsli-et lies io iitnonuiee ami iiils- 
i»iulrn.tantllin; of tin* nature of rarintlou; for hot uMU 
till' fact of i-i>CLjf*'iiitJi] dlvrralty- U jrnisiaai, Willi iill tliat 
It Uu porta, don. kiiuwKil4!v of the system .if hereditary 
trauambailun stand out in a ]rrliniiry ii.-.-e*>.lly )u the 
iitnatnirtioii of any theory of ev.siilltai, or nh> aeln-uie 

of hiim.ii polity. 

Tbe rind full irmiiil.m of il* sljctilil.-aix.-r of varfn- 
lloll we owe to l-arwlh. Tlw pnwit hTfUi-rntloii of 
rvolutk*tii!iU< n*«HiM-« |-'ilun«- imoU' fnllj- tluiii <hd tilt* 
.■••trntihc «'utM 111 Uw ln»l iiutur) Unit tin' Itniiry of 
.-v.Jull.ai lunil t«»ni|.l<il tin- IbiKivlitx of mauj) ami r nihil 
!%iivH«lh'» k nllh not n fnir iK'forv over tin? "orl/lu" 
iinwarttl. Wf liaw CWH1U al»i> !<■ tin- rollvklloll tbiit 
till? |ir]iiti|ilc i-f rmtllMl wlntUili i-miiiol bur.' Ix-rli lb.' 
t'liirf faL-tor lii ilfllinltllix tlio KiH-i-h*> of ammiiN uimI 
Hunt*, Koi'b ai we now ivilb fi»lU-i- konvil«-«ltfo ttum 
ai'tually to la-. Wo arc mil iiior.' »|>i>|itl<ral j« to tin- 
validity itt lliat ii|i«iil to itaahjo< iti tin- ooialltUnu 

• if life «» <lll.i t ru«i of uivalifirDllar,. UJ..II UllL. ll lllt- 

Ifrly at all oviint^ lajirwln Laid uiurb .■ii.i'lui'.l'.. H«t 
thai be w»a tin- tlrvt to l.rovUU- a InHly .if fail Uvliloh- 
>lro(lne Dip varlal.llit.l of llvlnit thtnai-. nbal. vrr la- 
It* ciiioiati.ai, rail Hover Up .|iif^tl.a.p.t. 

'rtnTr arp mjut oltlpr folU^iloiTi of .'. l.|. in .'Iilolly 
tbp Work of llu k'rrn, ti Mh.a>l. !-!«- lallv of Io.IimU — 
am) | would tnt-miou al~. tbp alniua foritott.li p«.ay 
of Wolla*lll^» , — Uw**' liowvvpr urr only fniinnonl-. (n 
<oioparlMi» l»rwll. rp|»r>l.il viiriiiWllly aa a ]irmi- 
crty Inherent in llvlliir lbil»;H, and pv.ntihill.v a-p mnat 
.i.iHlilpr u-bpttipr tbU .ian-pi.tl.il i I:. w.-U fomntpil : l.ilt 
|ip>1|aaili.t; that lintnlrj' for IIm- ta-i-o-iit may ilo- 
.■law lhat wltli him U-gnii a e, neral r.-.|tiiltlon of 
variation a» a |.lu-i...u«'i«.[i vvl.lHj oiurrlin: la nattirv. 

If a |H^.ulal1un .uiihUI- of ni«ala-r* wliirb arp not 
allkp but ilKrpTpiitliil.il. Iiow will Un lr i-ruiia.-ti-rl>tl<Ti 
la- dbnrlhulpd aiiiohl lli.-lr o(I.|.rli«V Ttili Is tbp 
lir.iliU-iu whl.-li tlw HHHU-rii Ktu-l.-ni of lh-i-villty wta 
out to Inv.-atlentp. l-'ormi-rly It wai hota*J tliat liy the 
Hiraplr liw|«i-tl.m of .ml.ryolosi. al |OWi.»i-< tlw tin*-" 
of hrnallty mlxlit la- nwi rlaln.-.!. tin- ii.-tual ini-t-bani<<m 
l.y wlii.-h tbp i*T~i>ili>« I- fi.rui.-vl from tin- l...ly of tbp 
lairr-nt. lo Unit .Hi.lpavnr a nolilo |»llp of .-ild.-la-p liaa 
U«-n a.i-aiaiilat.il. All (Ital .an la- mail.- vlHllito liy 
PlUllllX IIM-lluala liai In n s-i'ii. I nt up i^Hr..' lilllp IT 
at all wal'i lo It..- •v-htral mvn.-rv. W«- -»i- iiolhlnic 
I hi. I v><- .-nil ntuil.ixp fiiillxr -i.rtlilii- llnil .1111 la- trun- 
latp.1 n.to I. -nn» l.'i- li.-i rntaldp ll. uv tin- |.l^-liil.i.'l.nl 

.-VPIlls ttl.-IIIO'U.^. S.'t .-hlj llu-* .-Illlif l pIi^'V ylv.- no 

.llrvvl at.t, l.ut tlio raihin- of < y(-il..i,v 1- »» rar a- I inn 
Jvl.lio, »i|. hilly .-mii|il.-l.- Tla- i'lir.inn«i-hi.-* of tp'tirly 
n-Ut.-l . r.-atnrv* inily la- ntl. rl.v <llff. r. r,l K.lb In mini 
l»-r. and fona Only ..in- pkxv of .-vvilph-r- pn.-.-iir- 
ii;.-i I hp old llo|»- tlhit a .iiiii.i-.ll. in inlitiit la- irn.i-nl.lp 
U-tw.-Pii Hip vliiMp p)iitrac(orlNtl<<» of tlw- l.ivly and tli.v** 
of IhP <*hr.ilu*a..Kiii--i. 1 r» fi-r of i-.^irM- to tbp mv i-i-iiry 
.■lirv-autaainip, wlil.li In miitiy .-vfilionl-. •Il*titiinn-»l:<-. tlu- 
^|a-ruial.».Mili ara.ut to f.>rm u f.tnulp In f.-rtlllriitit-n. 

Ilv.-n It liow.ipr miih.it I laiiu.-.l .11 thr '-.m-<- of 

M-Mhll iilir.-T.hUiltl.-l., for It may l«> |..lr,-l In r.,nn» 
,-l.p. ly nlli.il I.. 11k..-. In vvlil. !, II U in,|cMr.il :„-,■..«. 
-....v. Tin- illiti-i.Tii-H may I- |.r.--..-l>l ..r waiitinf. Ilkp 
;niy .alt. I M-.-oti.larv -.■mm! . l-ntio'l.-r liiiti-iil. 

• VII I Mr •■ il- H-- I--I i.t M. I .- in :i-.| . V ->, HI.. 
I,. it., linn-.-. V-....|..ll„,i I..- II,. 1.1. „■ .1 - ;. „. 

• Il : l-.l--,.- .t Itti. v .!..... I.a I'lr , iv- 1 

• "UO tar Tarlallau v-f K|-.-l.«. 



aa no hop van ilmir .xih.*tst.-iit .ll«tin-:-llui^ la-tut-pn Hip 
<yt,.|.a;V.-al i-haraph-ra of »..liu.1h- ll-iu.- In tin- mltlip 
lii.Elvlihiiil v.,- ni-anvl> -v)» . t to |« in lv.- *w b di< 
tiii.-tion« la-lnmi III.- . lir.ainp.iln.- of II..- V111I..11* l)]»l 

I'.-r tt.i'-a- iin-tbtali of ntla.-k up imiw KolMllhU- an- 
olta-r. l.-vi nlhl.Uloils, la-rhilla.. la-rilh-p Ion i,vtt»|.rv- 

lifiialvp, I -a l.-x« dlrpit. If »p tinihot wai Iiow 11 

f..«l l.y H-. mis and lt> -|i.-loi Kli.^ rl*. t.. a . Iiirki-n 
or I11.1v a lan f--i«il »» <.vilu- alpl Its |..ll. i. uTiiln 

(.1 Hlh.vi. iiliolltt-r «wta-t ja-a. Wp at i.-n-t .tttt wat.-li 
IN.- Hj-ioiii l.y wlil.li IIk- dUTprelm- la'twti-ii tin- varlolb. 
klinii of fowl* or b.-twf»-n lilt- larl.mi kl.i.L- of -Wnt 
an- dlitrll.nt.vi aniohx til.- .rlT^l-riiiL'. Jiy Hula 
lirrnklti- thp mil In |.r..tilitti up Int.. lt< lairln »r slve 
oliivvpli.- fli»li .liatai^. Thin nnjlytk-al -tinly up mil 
in. I i.l.-l ill • 1 iM'i i. il-i- Mi-ml.'l waa til.- tlM to ll|iv).l> It. To 
U- ani-p. hi- ttl.l not HHir.ai.'li Ibt- |.r..l.lrm l.v any sii.-h 
lllip of n-11-a.tilii^ u- 1 liavp ik.-tfb.il. Ill-* .a.jta-t waa 
t>. dvl.-niiliip tin- ppvit-tk- .k-tltiltput>.i of siai iti : l-at 
tlloiub In liii u-rltlliip* la- laakoa no iL.piitl.ai \*t tnlu-ri- 
ti.iai- II la .-laar thai ht. hail tlu- pvtrnal.a, In vl. vv. |ly 
, r.,«..|.i.ivll(nt t«. ti.ailiiiail ill.- . hara. ti fH ..r vanlptipa 
in oioiiifrpl IndSv l.l'.lllli. and n-t hlni-a-if to ^ta- boa 1 II...-A" 
1 lianl.-lpn aoukl la- diKtriknt.-J titllolii: Hit- llwlltkliuvl. 
of iilli-aiiut-ut gi'La-'ratlohn. 1'ntll lip ta-unil tbLt aihily-l* 
hotlili..; liut tbit vajtupjd aivawt-ri to Mit-h 11 tiiitrMlon bn.i 
la-^n iitti'iDittPil. Tbp rviati-ii.-p of liny or.l.-rly vyjitim 
..r ■I.T.-.-i.t waa 11..V,/ t-v.-n »ub|.w.<I In lln-lr manl 

fold <i.n.|.|pxlty humaii .-liariK l.-ri-tlpa I I.- follow 

no ol.vi.ai-. xyitpni. Illal tlw fn.-t Waa tnk.-ii li- 11 fair 
-.iiu|.lr of tbt- workltic of b.-riallly. 

Mil. ota'1-iill..ti waa .^tai-ialty lir.iuirlit In l.y ili-v nh 
I11U .lps.1-111 tn tt-rlnn or -1.1. int." Thi- .onviu.^i Ht.i-tl 
nipi pX|.rpMiona »vl. li at. .v.h>aiti.'tlk.lty. |airt- l.l.a*l.-d. 
lu.ir-lil.i.l and tin- Ilk.-, wlil.li call nji a ii.l-l.-vi.lliu 

l.ktnn- to tl In. I ltlo.il |i In -..nip iv-iai-i* a tldi.l. 

ai«l tli.ia It is mupi-xmiI that tbli Ililid .-.in la- lioth 
.liimitltativ.-ly jin.l -iihilltntli t-ly illlnt.d w ith otta-r 

I. 1. .ali. )ti-\ 11.1 trt-aii.- i-nii la- tllliitol with u-iiti-r. Illo.itl 
In inlhilllv.- |tli)>l..l.,., l«-lni Hi.- iH-.iillai- ti-ltk-li- of 
HT.-, al <iiui. II- i-alur :.l, | Hi i-ot|Hii.al nlaalp, lln-p 

of .Jlliilioli ami .i.i.i|iiiiih||ii^ of t iiiirn t. ri In llw 
.ouiiiniiirlthi: i.f kt.iMl-. itn-i llal.ly -ULr^rt— I Hint tin- in- 
CTt-.lU-i.t- tin- mlxturt- .an-.- ..anl.itail art- in.*Piairati|.-. 
Unit tln-y .-nil la- l.roii^'lit toirv-tlar hi jiny rviativp 
iiiii.iiii.i-. ao.l In -itt.rt Unit In Inri.lltv ivt- ;.rp .-i.li- 

>i-n nhil; wltli (I iinanliti.tn.- iir.».i.-nt Tl-iHrr 

Ii.iIIki. „f iinn-th- Jiliv-iol.vv nr.- ilv.-n lij Hi.- ll.I.rt-w 
pxi.rt-i-i-.il '-«.l. ' If vit- fi[.»-nk of 11 man 111 'of the 
Ittta.l rnynl" m> tbltik at on., of HpIm-hiii .lllhtli-ti. nti.l 
vvt* uiaiiit-r bow tum-Ia of 11m- imja! 1I11L1I U llkt-ly to la- 
'•In hi* v.-liii", I.nr ir n-t- -ay lw- 1- "of tin -...1 of 
Al.ral.alii*' hi- f.i-l M..itii'rliltiit of Up. )■ rinaln'lHi. nti.l 
lildp«tni.lll.llll. of Ik, I m-riii »bl<n .„„ l»- .livii|,.| iiikI 
-.-att.-rvil iiuinuE all tiiillim-. lint ri-tihilni ni ...-ulial.lc 
In tyt«- anil pluiia.-t.-rlMk^ 11 (tor | iaa> j-piira. 

I kty-w a lir tt-r who tiad a .li.-t t-nntiilnlic l...tlU-s 

of mloml li.|til.l> l.y wkh-li 1 .1 to llln-irnl.- Hip 

Ivlalliaiiklip. of kii il.iu-. |H.nill. K fn.iln ..hp to arnrfllpr 
mi. I titnititnc tlit-ra .|tiiihlltntlvt-lv t<> ilh.iitrnlt- tli.-lr 
|.i)lL-r.i-i <liiltr.li win 1..-1I-1 l.y llu- vim.- kind of mi* 
Inkt- wli.-ii In- iiroinulr.itnl hl« • l-aii ..f Atna-lrul 
llrt.illty With lai.krn rv-.-nri-li ail till- kn ti.1-11 
vlpali-l attay TIk- alli'tllhont ..f i-li:l rai-f 1 I i-ti,-- iilhot.i: 
oir-|.| lir. i- t..H :..-<->iit.|.llHh.il l.y II violation of .lro|r< 

»f !' lOMliir.- T.-|tl>-.-.|t iT.ii Hi.- hi, in ,.f thp , liniii, l.-ri-li.H 
..I tit. |i|ii-.-nl ori;a..i-in. l-:it lo 11 |.|-.----- .if . . I. i.p.m, 

II. 1. hi. It niinil-.-r- ..f tk.--p .-luirn. l.-r- or t:itli. r It..- 

.-l.'lti. His iiihiii vihl. ll lit 11 d.-|a ml. arp -or!.. I ...it ;ii ^ 

Hi.- I..»l.ltllt. I'l iril ,i-ll- In at, ottlPI-I.V f , -l.l.io Willi 

III. -.1 pl.'iii.'hl- 01 r.tifio* 11- 1..- .nil llii-in. iirr wp tin 
111.I ko.oi, Tln.t Ihpj no- III -..int' ivnv .lin- tl. Imii-- 
tnitl.-l l.y lb- mat.-rl«L of tin- ... 11111 anil i,f tl-o -;a ripn 
toroon l,i okviotii. I. til It s.-1-ni- T-. in.- uiilll.. ly tti it f In y 
at.- In any -liti|.t. or [II. -nil -.-11-1 mat. -rial |.:ntl- :.- 1 
-li-ia-. l rlilla-r- tll.-.t tlo-ll |.l..|. 111.* .1, |. ,..1 .11, -1, op 
ftln'iioint'iiiai of iirral.c.'t.i.-tii H..w.'v.r llmt may la 1 . 

1 ly lli-.il I, online lino.- that it i- ;i. . ■ -ri li 1 u- to llu- 

tllitrll.lltlol, of linn- ^-n.-ll-- la.'l-iT^. t>- M— - ,1 11. .tl . .-Til 
liiiltnl t. 1111. ttillt til. 'Ii.irii. tpr- of 111. ..ir-.;.|ln. nr.- 
ilo.'l.|..|. 'lb. tlr-t t.n-lin— ..r 1 vi- ilin. iit.il j. j,. ii. i 
1- to .hi, -ruth,, thill' -i,|t:it--r 111, il I in- I ;o I ., -onl 
tlh-ti to make an nl-ali*!- of llu tail. .11- I , !>• - of I if*-. 

Ni.iv lli. ordinary t «*•:■ 1 1 crl*-.'i 1 tn.-. -Mill ;l- I l.o-t- 
vvhl. h Hi- .|.ii! Wk- l-t-o'l" III -h- -■' -h- .l.'in.'. 

tli- :o il •■! Mi-- llir;il'l ' I'-'lii-,- pr I.- 10 II..- 

. 11- .-I 1.1.111 I. 1 11 11; ..f ill IIil - So, tin. I- , f 

il. pl.lln. .1. ... ut .-..I.I...-T ..I, ,, -I.,w II II, In.-. Il„ . 

are devlacd tu .bur.-|iurlly nf uliaaj. l-.-r nt in-t 



know lilt- pliy-loklini'Ill lul-lLIlill^ of that ff-X|irtaialotl. 

Aii . naiii-iu Li jniw hnal whtn il ha- lam farmed l.y 
II..- 11 1, l- -n In f.-iUIIiuittoii of two ii.niiHi-lla wlik-Ji arp 
nllki- iii ill.' fit. -tor- they la-ar; und ilha-c Ibe facton 
f. r (It.- -.-vera! t biiructi*riil»i-i are liii|pla-nd<-nc of paPh 
nlli.'i-, ihl- .|ii<--tk.it of imiity innat la> ap|airateiy pori- 
M.li-nil for i n- h of tln-oi. A man, for p»ui|rH-, may 

t.t pur,- I.I-..I In l-v-l t of hb. lunal.9l nl.llllv ami prosa- 

In.. I Hi r.--|.i t of (In p,uor ot Ida pjr-v ur Ibe abaiw of 

ld> "li Tl ab up know iKilhitiK of the pan-nUnl 

i.nt.iii' »f tin-Hp fm tor-, we know 11 irtaal ilanl .if tbelr 
|h.wpi> 'i'lipy may naifpr bi-nrht. .i.k.r, alui|n>, lnatllh.-tx. 
[iivrpr. k.all of miliil and h.wly ; In.ltial. ao many t>4 
llu iiUril.iiK-i whlili iinlmaU and plant- ta>"a-aa tlial 

w.- f.vl J11-1m.1l In tl X|*.-tatlon that will, <aintiliiuil 

jinil.v-l> lli.-y will la- poived to la- rei|aj|iailvli- for itnMt 
If ip.t nil of tin- ililTt-rviiiti l.y whkh tlio varylnc hall- 
.iiln.-ii- of ai.y ijaaii-i art- itlitlniriiiahial from pat-h 
'.lh.-r I will 1 n .4 n.oiprr lUat tin- jtrpill.-r tllrTprv-in-pa 
ntil-'li .-tin rji.-t. rlR.- .ll-tlii.-t -|ai-l.— tint- tlue i;plierully Ivi 
-11. 1, in.l. ii ipI. nt fai-i.ii>, kill lli.it I- the vntM'laaioa to 

itlil.l. tin- .-,1.,1'nl.lP pi ,- ,«,|„n. All thb. li 1,,™- 

.i.-tl iiiiil.r-l.i.l ,ii„l Inn lain -o t-Iti-n .lptutai-tral.il 
IU-.I .■v|.,.ti,«l„l 1 Hiat di-lalla of t-ildpina- niv now inj|a-r- 
fli.n .11- 

tvut for tlu- ta-lu-llt of rk.ru.' vi'lai arc unfaniiitar Willi 
-oa-k a . .rk l.'t mi- l.t k lly ppitoutlxp Hi 11111I11 f.-ntiirra nial 
.-,-:.-.iiih-ii. p- KIipv m-n.-lk- fa-lora an- .k llnltp tbliiifr. 
piiln-r |.iv«-t,t it, „r iikunt from any si-rai-prll. Iln- 
Ihdlilil.ml niny la- pltl«-r "itur.-l.i-.il" for ,-<iiy (airtk-iilar 
fa. o r. ..f iti iila>pi..a-. If hi- l» ...n-tltill.-l l.y llw union 
ot tw. u'. rtn.vlli la.th li.---.-— Inn or both ilrnltntp „f 
tlnll fat-tor. If the Individual la tbua |.ur<-. nil kl> 
in-rtn n ils uill In thai rc-tai-t In- ldpntl.nl. f.ar tln-y 
an- -itni.ly l.ita of Ibe aliullar s.-rm .v-ll- a 1,1. 1, unll.-l 
In r.,li!|/.atl,.i, tn unidutv llw l«in.-ti( .>ritaiii«iu. IV,- 
Iho- ir,. .'k tlip t-sspr.ttfll |.t l,i.-i|.lp. that an oriranUm 
..ainin 1 mas 011 to .,rf -[irlhi; a fa. tor vrhl.h It did not 
It .-if ri-i lv. In r. 'rtlllrjitlon I'lirpnti. ihrn-f.irp. wbloh 
mi- 1-1 1. .I.Mil.i!.' of a k-iv.ti fa.'tor .an only produn- 
oir-iii-lnt ptiually tlf-lltutt- of It: ntul. on tlun pootrnry. 
imt. iil- I o .1 1*. jairi- l.rvil for Ibp i>n->pnii- of a fa.-tor 
j. /.1.I1111. off-jii-iinc .-imilly (airt- l.rpd for Ita prpapota.. 
IS In r. -n- lb.- iri-riii'.i-tl.i of the irtirp-liTp.l nrp all alilii.. 
tlio i- ..f Hi.- i r.n- hrv-d, vikl.il rpiiilta flaan thp uni.ai 
..f ill--iinll:ir l-> rui-.i'lls, an- inls.-l in t-linrueter. I-^at-b 
]««.lllv.' f.iilol' M-mt-.-at— from It- iw-irnlivp o|i|aalllp. 
-o Unit .,.1110 i-pi-m-.-pM.. i-arry llu- ftirtor aral atanp do 
.11.1 1.1.1. tin fm ton tmvp l-pr-n lilpntltl.il hjt thplr 
.'fTcrl- llu- til i-ri|o|- ii.uipnallion of tbp st-vpral kind- of 
famllif- foriunt fivau tlw- vnriolla nuitfn^- t-nli K- iire- 
.ll-.-liil. 

Lull tli.na- win. ha vp llii-iiiiplii-a triliMawil tlw Bytal 
..H-rnlloi.. of tk. .p -lini-:,- rill.-, tun fpp) lliplr full altf- 
nltu-aiire. Wo .in,,., to [,i.k la-liirnl tlio -Inollai rniu of 
III.- In.liv i'liinl lialy mill wp i Dil.-nvoj to .IlilnletCratr Its 
f.-alno^ Into tin- fr:n-tii' t-:i-uiiinta liy u'btaie tuiitau tbp 

I. .-.11 .v.i* fonii.il. Spt out In n.ld reneral pbrnapa 
siiik .h-.itvprl.-s nui.v .-.I'm tL-niule from ordlnnry- llfp, 

II. . .mi. f . 1 1 1 1 1 1 i; . 1- villi, lla-iu and yott n-lll nial y.yur tail- 
I. ..k .^1 thp world Inn .-ruin -,-.1. VVal.1i thp ..(T.a-ta of 
-.-0 -uni.ai aintiii: Hip livlmr tllll.irs with whirii y.ia 
hiivi- lo .1.. iilnnt.s. fowls, tloLi-, hnr— ^ tliat mixtal roll- 
t.iir-1- of binnaiilty up .all tho Knglisb nti-p. yoar 
(il. -ml-' .nlklnn. y.an- own .lilldrt-n. jour-wlf -aral 

1.. .v..-v. i io ii.lv Imagination K- r.-i| riiln.il to tlw lanllitln 
.-( II,. 1, 1, .no noil llu- provii). you villi fill s.4i|p||iin E 

"I of in.iL-lil 11.1 iturp uhh-li inrndplLiTii 

lia- I- _HI1 t.. 1:1, p. Tilt- •lUi'-lli.n is ..(1.11 mk.il wllPihi r 
III- TV Ills- fll-1 lll-o Ill l.|l'T|ltll,ll si-ti-mi ..f .hupiit uuttp 

olln-r Hi. in til.. -,- nil.lnl.il liy tip- idi ipI. Ihni rulp- 

I ni\-.lf liavp .'\,a'.-t.il stu-h di-i'i»vp|-l.>. hut tiitbt-rto 

it"!"- Inn.- I. plainly .kinon-Trat.il. Il Is (nip » 

.ir,- ,,f„.|, pay.,.1,1! h, tin- fnlliln- ..r |<irt-i,|iil ty|«- t.. 

1.1. pti ar li> il- '-impk l.-li.-s after a fin** IhP nu-rlilo 

-hii-:> .-I the (iihtal! p'-i for evattiidi-. Tho>o p\- 

I:.. 1- niu.v -till In pliih-ILly ii-.-rilail lo IIm- llllcrfpr 

.'li.-i- ..f :i tiin!liT uili- of fii.ior-. a atncevsili^t |vot eaay to 
.IL-l-i....' ; lli i.i^-'i II -. .'tn- t.:. m>> .-|nall,i llkt-ly that 

-'-'O'Mll-ii lht 11 In 1-,-iillty lin|«-rf...-t. Of thp iIp- 

" I .|imiilllnllvi- ,'hnra.tPTs still kn.m- ]vrit,-- 

(i. ally iioiluno TI1.-.P mid lv.«,ls of .lllll.tilt piimk rp- 

iiln..-t in. ton. li.. I In i<TTliinlar the .llnitvpry 

..I I" ll.-nir, .toil Hi.- 11 1. 1. , i.t ..I Wlnktt.r In n^nni to 
lo -:--i. ft livVM-.- I. ,,Hi • .how Itu- that tin- Mil. ppl.tpr 

li.i.l L.'.r ,.t ;.;:|.|l I l|, |..,-| ft-, in IV filch till- ^.-rtt| 

•" •• 1 • v. ;...i.i i : , tl,, . i,.,rii. t.T- 

'•' -' I -alt V "f H-- — o.ll. al.'P llllil- , t .iirloua nm 

L'H' al », mi'l aiuisvat thai in planla j( WuM llw met- 
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relation* between Hiiua and jiumetc ittuy lie Tut lean 
trfmple tbnu we have i>uppta»ed. Neverthele , es i*(Mk- 
In V generally, we see nut bin* to indicate that qualitative 
character* descend, whether lit plant* nr nuluiaU. ac- 
eordlim to ayMciuM which arc UieaiMiblc <if rno|i>rlal rep- 



The body of evidence accumulated by Mil* iiwOm-I of 
aualyrtU b now very luw, and la rtlH crowlnc fail by 
I be Inborn of iniuiy workers, l"roifrcs* U ul«u brclit- 
uliU uloiyr many novel ami curhru* .lure. Tbe detail* 
are roo technical for lucluidou here. SullUv it to any 
Unit not only liuv«r* we proof that Ktsi^xtltm aHV-t* a 
va»t niutfi .if Hi«iriH-U*rfxf|it., nut Iti the course of our 

Mini ly Mb., l-llrll-i II* of IIM-l UlWipectetl kind* hnv«* 

Iwen einvtuilered. Si*™.* of the«e t IiLiikx twetily year* 
inuM hnv«- **eeiDcd Inconceivable. For example ike 
two «*ete nf west ortcaiiH, toali- ami female of tbt* Mtut- 
plaul, may uot be curry Iiik Ibe 
iii sunn* uulniaU ctianirtcrlMlcM, quite lnitepcudrnt of 
9H-X, may lw dlatrthuU-d aiklcly or predaiutiianlly to «im> 
aex ; In certain *j*>vie»i t !•*? male may be r>rv«*llug true 
lu IU own ttpe, while Ibf female 1* j«riiftuu*ntly w«ii- 
*rel. tlirowltnf off viae* of u dlvllntt variety In addition 
to tbuttL* of lb* own tyjw: chariicterhtlca, e«aeuthUly In- 



which arc- tersely retained In the next 
that atmitig tbo gruudchlldrcn there fa; numerical pro* 
I>oiiiJi>rtiiuv- «if tlMiM> coiiibliiAtbiiH which exited In ttiv 
grandparent* — a dt-covery which Introduce* u* to a new 
phclionieiiott of jwlarlly hi tlw uncalibtui. 

We un- aeeuMouicd In the fact that the fertlllxed 
n£K ba* a polarity, n front nnd hind cud for i-xampU*; 
but ni* ban* mm- ti» rmtKnlw* Hint it. or tbtt pruiiltlvo 
At^nuliial crlK fiwuitil fi'oan It, tuny have 4»i other itolnr 
Ity Mhowii In tlw t, r rvii]>iikKM ^ ttii« iMicciital eU-ravlil}*. 
1 aiw eivtlrt'ly »w|itK«1 »* to tlw <i"< urre*tce iil **tcm- 
tatloo Holely hi tlw iniilumliuii of (lie imnairllK. 1 iirt- 
fcrrtui: at present to rvtfanl It n* n ^(Nvlal ow of 
that patch vrork i-ouilltlxii wr see lu so muiiy [tlnnt*. 
The*« khmiiIc* iiiay lirt-uk up, emitting bint M|«>rt* .tt 
various <*ell-«|lil>iMiiJ*. aod I mi*|*vt (bat tlw ttimt ti*xu- 
larlly *Htii In tbv F- ratii* nt tbt* wftnK fur example. 
K a «tiw*jui'iMV of very bile M-trre^iitioii. nlwro«M tlw 
e\iHwlve Irrrtcnlurlty fiMiial lu otbrr rn.-Hfi 
to lmlleate that xa^n^iilloii nin luiiipea at 
tit tllfTefuntintbrii, 

Tlw paradvxSoal Jl*»hviiI of e^ilor-bltinlrie^ and otlwr 
nf.\-limHtil e^anlitloir. formerly reimrdeil as tin lu- 
M-mtablr- 1 11 prln* of naturv- bn.** U-«-u r»i*reseislt*il with 
ii(»4«ri r xhuutt> ett-rrwItMiss uml we alreaily kiMm- wimi- 
thour n» t« the WAV, |*-M.:i|r.. I -lH.ui.1 May ways, 

1(1 Whirl, 11m- r|H*Tllllll;ttI.>M of HA in 3).-. i>«IIIllUtMl| W, 

titrate tbe ft.niJH t-r life tliMiii;b, I |in»(<-n tu U'W, ne 
liiive tic tnkllnc at t« L any meiln«l by whi- li (lL.it deter 
ni bullion may l»e tnlhwmiil or itlmleil. It U nbvfmiH 
tltat 3*Ui'h dlsiKverU* have lM>aiintr* ou nicert of tbe 
probleuiM. tilri'tb'-r tli^aiftleal i»r pru<*tlrut, In wlileh aul- 
luaU and plautH are n-u.^nitH, Vi rmiineii.-e or Hmn«u 
of ly|«% ijerfeetlnti of lype. purity «t uiiMiirv of race, 
''racial devi>lo|iment," the ku<xvh«Uid of furuiH, from 
heluz vii sue pbrn*esi cxprewilni; mattem ut defree, arc 
now *f«i to be raiMhle of n*^gnlrln^ phyHlotofcleal oieun- 
liifCs already to moiuc extent <i»«ijnicd with prerlxlun. 
For the iiAturalbtt— ajid it L* tu hint Mint f am espe- 
cially uddrc-wtee mywlf to-«lny then* thho;* are 
nbnilAmnt a* relatliiK to tbr lilsti.rj of orrunle 
- the Tli**iry of tCvolutlioii, to une our Dn«.leni name. 
They have, oj< I nbalt eiwletivor t«< show Iti my *ei-oud 
addmoi to be (riven In Sydney, an ItmieMlitte refervnee 
to tbe coiuluet 4if human ttorttly. 

I imjiiMm' that cverynoe W familiar In ratltiw with 
tbe theory of the Origin of Specie* which iJurwln pro- 
niittxaled. Thri'MSh tbe la.*t Hfty year* tltl* tlwiiH* <if 
I he lutliirul Hfhvlloii .if fatored r:M>«- l««* Im-n devet- 
'•|»t«l lliul eM»illli-ti-d In wrlHOKH llliMlliii-filt.il'. Kavorwl 
ran^i eerlnlnly eaii repine*- eHw'P" The ;«r«o>i|i'Mt b- 
wmrul. lint we are .l.-iiJUful of ll> lalne. For *ha1 
d<4uite Maud* udji-irnml. We v« to Itarwhi f..r hfc^ 
liii-inniwraMe enlh«elb»« «if fn.*!^. We would fain emu 
latr hlK H'h«4iir-)ii|'. lib width and hi* power of ex- 
|tmltlnu. lint to Mf« lie Kp^eukM no more uitb phl|<P*>|di1- 
<-al authority. We rend hi* vlutiic of evohilloa .im vie 
w«.iilil thaine of I.itHTHltb. tu* of I.iunnn k, dellrfitluc in 
their Mbnpll.lly ami rtu lr .*<.iira£e. Tlw practical and 
eMHTlmnital -dinly i'f varlatlnir «nd Iwnillty ha* not 
merely ojieneil a Dew HHd : it bim (clven a new point 
of rlew nn/l new Htumlanlf* of erltlclNin, Nnturnllxt* 
i»ny at HI found ex pound I nx teteiditfeltul H.v^tetu?** 
which would have ih-llshteil I »r. I'aaftloMM hlniiwlf, but 
al the lieewot time fen »iv nvUled. Ilie sttulnit of 
pmetUw knaw* that the time for the dev*l..|wmiit of 
the«.r\ 1m not yet. lie winibl nitber ntlek to (he *4«ed- 



know of tl*e illstrlbnllon of 



variability In nature tbe putqie clauned for Batumi 
selection In detenuliilafr tlw llxlty of xiiecics nruat be 
yroatty rrdncod. Tlw- doetrbie of Ui» nurvlral at the 

Itlte^t Im UlidenlHliIe •*> Uitul »>- It In :lpldte)| to tile or«»li< 

!>m a» si whole, but In ntCetiii* by Ibla prioellde lo 
Und value In all deftulteiww of imrta and f.iuellon«. and 
in Hie uanw of wieiwe to taw lltuewi every where, U 
mere etelitmilh <viitnry optimbou. Yet It wan lu 
ii|>(illrntlnn to tbe |MrtM, to tlte detatU of ffpeelAe differ- 
enee, to the i«potK un tlw jieseoek'ii tall, to the coloring 
of am on-hid flower, and biwlK of muIi e\tnii|JeH, that 
tile |*uteticy of natural Keleiilou wan urftil with tlw 
Htroiiiee-d iHupUB^iv Sluirtl of tbewc pM-leuilonii tlw 
•J.^ trine of the Murvtra) of tavtruni raeen la a trubtm. 
helpline Heartily at alt to aoeuaut for the diversity of 
Hpe<'ii-t4. Tolerance plays almost a* emuiMlcrable a lairt. 
Ily thew ioUuImmUidji alramat the blrt iibrotl of that tele 
obarteal ruatlau with whirh VJctoilau phlloaophy loved 
to el.ithe tlw theory of evolution l« destroyed. Thoae 
wliu would pnH'laltn I but whatever U b* rtirht will he 
wlae lieiicefortb lo bane lbb« faltb frankly uti the lm* 
pnicikiible rm'k of Kupen»tltlon and to abstiilu frnai 
direct ap|>e«its to niiturn) fact. 

My priHleeeiMior miUI ten year that In phy*b* the 
n*e Im i 

In at leiiM a> hlitU a detcree IhU Is true of blulugy. 
and nh a ehhrf cbaracterititk of modem evolutionary 
thoii^bt we oiuat confew aLw to a deep but Irkaunie 
bumlllty In |*rc*eoec of snuit vital pfntileio*. tCvery 
theory of erolutbin nnut lie miu-Ii ha to accord with 
i lie tiK-t* of idiy*lcM awl chemlMiry. a primary ue*-«i- 
Hlty t» whh-lt Mir |i|A|wv«»«ttr* imld ^mall h^-1. F«r 
them tbe utikiMm n waa a rieb udue of iKxod1i|||||ea on 
which Ibey eiKihl freely draw. For na it U rather an 
InijN'Uetralde mountain out of which tbe truth can 
he chivied In rare ami builafrtl fratniwnt*. of the 
jihy>h-M and chemlMtry of life we know nevt to liothlix, 
Siwlmw tho i-harncter* of llvteu thinun are bound up 
Iti proi«ertb^ of etilloldM. and are laritely ikteriulued by 
tlw cheuiti al |«wrw of etigyme*. but tbe t4wly of the*e 
elu»e^ <if matter ha* only Ju<«t Imxuii. Livlnu tiling 
are found by a *lnipte ex|iertmeut to Imre powi-r* nik- 
dreaiut of. and who kn-iw-x what may he Im>HIii*| Y 

Naturally we turn a^Ule from ire net* I Me* U Ik no 
ttew lo dbmiaa tlie orlrlu of the hioIIusmi or of dk\dy- 
ledoim, while we are not nvm aune how It came to 
I*** that /"rtoiuJa obi on Ira him In twenty-live ytuim 
pr^Uuiil It* abiunhtnt new formn nlm.«*t under our 
o>e?». KikowbO^e nf lM'i-i«llty Iuih hi. reiicteil ou inr 
<iHMv|»tlolix of varlatluu that very coinpeteuL men are 
even deuylni: Unit varitttiui lu the old netuw in a 
in-fndiw oot'iirrvuee »t all. Variation I* (HKtidateO iw 
■ he ImsU i-f al! evi Jntli*ndry .-liaiitfc. Iki we then a* 
a mutter t4 fact find In tbe world aim at u* varinlUxet 
ih i on ium of Mui b a kind n»* to warrant fnlth In a i*o*t- 
tent|M.niry jirioxre^iive evolution? Till lately moat of us 
would have Mild "ye*" without mlNjrlvteiE. We Hboubl 



dtviTKlty xceti In many wild upeetea. wi eooimonly that 
the difficulty lu to define the type* tbeuiMelve**, HtHI 
more eot»el»i»1ve neeiiied the profiinloc of ferule In tlw 
variiMiiN dotoL-dfcated uulmaU and Hunt*, most of them 
lucapuhte of exiatinir even for a Kraeratlon In tbe wild 
ntate, and therefore Axed iuiq»n*tlonably by human 
jM'loctloQ. Tlw^e, at leant, f 
• ifren dKttnot enou«ll to pn* 
arisen by variation- But when anal)-siH U a pad led to 
thin innaN of rnrliitlou the matter wears a different 
nvprct- t'lnaely examined, what la tbe Tn liability" 
of wild jqicolpjO Whnt In the natural fart which In 
denoted by the at* reditu* that a elver* *|*riea eibEMta 
much variation? Generally one of two tlilniDt: etther 
tteit the lifHildiiaN eollnied In one locality differ 
annuix IhcinKolvi**; or pcrhai* mure often I hut auuiplnc 
fretn ru^mrate liM-iihtlea differ from eneh other. Aa 
direct evidence of rarlathm It Ih el^irly to the Hr»t of 
the^- pliiffiraiwiiu that we imi-t have re«-«Kir^> Hie 
U teiwi.rlty fif a im.jkiIh! Ion breedlni; tocctner lu mm 
nrifi. TIiIk lirteniirriieity may be In any 
line fro*n i<liEht dltTcreniH-s* that ayctematlatx 
reminl, to n eirniplex variability KXieh aa we find In anuw 
in.ithK, where theiv Im an abundance of varlellcw m dU- 
t if tet tint many would Ih* rla»udfied aa xpeclflc forma 



In nice of what we i 



»T1k« fuel Ibnl 111 -.rlnlt. pl-iut. 1 lie uolf ^ml T<-tu»l-' ..fTin*.-* 
r>*«|K^tlt^t> f»tr» oUtitf t fA4t>>iM mil W *u»tn1 riu niu^t 
derlalrely aen»tltlun llu- Nacco*tlun that ivsresaUua la con 



*1 Ink- (he fiillvMliic fmm the A^drnel qf m rrrwal <>thv- 
iiIhb *rin Un- i>rli;<u "( MnmiBditK," drllTTTrll t* the 

((nytl fbtii'ty : "In I'liper fri* >mlr limn the Innpir OyDO 
■Ionia )in'V««l iiptin tbm Urre A nomntfont, Ksmnemetf+ri; an6 
nirrl.'i) <m th*>lr rrlpctfiir-- «n *<>♦* ttlCK ,\lrOmo3«D(» iUr 

virnri tmt >tt«d out wlt> tlu m iibout tb« mfl «f tbe Tfhu *r 
tn tttirrtlc tlinm. Ttu* kinitt rynodoatn. hoTlnc Bcl&er •uiftll 
\ .ta|.>tit* ner »iYiilt <*ot) >*«4ur* to fW«l hb. *tr>tr fiircil lu 
hiist tt-f \*ry (n il ii- tr-nc lliulo*! Trttcodnutft. TV jtrmtly In- 
if<-*M-^ oelMlT limitKhl hIhhH fhnl •ert*« nf rbnofm »h|ch 
ft.riiM^ Ihr ttnt=iruln Ihr tf-nllili- nkin «Hfc hi (r the fiMTT- 
ekauilMTnt h**H «t4 ir»rra Mf»«4. the loow Jaw with tenth 
fur etinil^-jtlnn. in |fwrv*iM 11'Vf-Vnpnif-at of tftetlle WDMtloa. 
jihI ii *r«it in. t, j%-»- ..r ^err{,Tuni. linprv^tly the atu«kn 
.*f It,. ,>.»|<.'i| i'jb.Ml.n.1 .rT iiiaituuiiUKU tjl^r lirouabi 

n'-niit a curt. m«. n.ilnv •vi.loiti.a in the P>«*^<wuctilan TbM-<v 
•tiilllM vliMi i. III... ,.(. !, r--,,,l|-.| |n the fornintWm ■>< Ho.«nl> 
It.. "ITk. Itey. Hot." II 87. ^ f*. 



but for the fact Ibal all an- fivcly hrmilins together. 
Nuluralbdj* formerly *UM»o*ei[ tbnt any of thw varl©' 
tiea mlcbt he bred from any of tlw otlwrn. .livd an tbe 
reaibT of i»oy«'Im I* pretaired to find that any kind of 
|Mir«'UU inlslJl have any kind nf children in tbe c»mi-*e 
of the Mlnry, m» was the evolutli.nixt rmuly to believe 
that any pair of inothn inl«bt produn' any of the varie- 
ties Included hi the m|h^Icm. t It-net 1e annlyMb* baa dia 
luwd of all tlwae mlatake^. We have no lolKor the 
amallest doubt that In all tlu-*e examples tlw varletU^ 
Mand In a resular dcneeiMlhiK onler. and that they are 
Mhu|dy term" In a wrrle* of .itiublnalbm* of 
^•I«rately tran^iilttiil. nf which ouch may U pn 
i»r ab«enl. 

Tlie ap|M?nmiHf of <--niteu)poniry variability proven 
to be an IIIumIoii. Variation fruin Mtep to t.tep 1n the 
aerlea iiiix-t «i'iir eltlwr by tbe iid^litlnii or by the 
lot* of a factor. Now, of tbe oriieut of new fornw ft* 
I<m- there wenw to me to be fairly clear evldeuee, but 
<if tlw cvirttrMporaey rti(/ul<ttffia i>f any new factor I 
mil no aatbifai.*tory jwwtf. lh"HU{h I admit tlw re are rare 
example* wbbli may Ih* mm Interpreted. Wc are Ivft 
with a picture of variation utterly different from that 
which we saw at flrat Variation now Mand* out u* a 
We have done with the 
iKition that hnrwln t^nie latterly to faror, that lnw 
dlfferemw nin arfc* h> aceuiuulatUat of Kniall differ 
cure*. Such sauaH dlfferemvM are oft«-u mere eiilwiueral 
effeetH of coodltUjuv of life, ami an Midi are tmt traiiM- 
mbwdblc; hut men kiuiiII dllTereiii-ea, wbeu truly ueiietle, 
an* faetortel tike tbe terser one*, and there b* not tlw 
tlmt lliey an* capable of 
A* to llw orlkiu «r aourc,- of tlwne |Mt«Ulve 
HeparaMe fart on*, we are nil boot any Indication or 
Hurmbu-*. By their effevi* vie know theni tn Ih? definite, 
a* deli ii It e, »ay. aa the orifiinlauiM wbkii prmhiev dU- 
en«e»: Imt Iwiw they nrlae and bow they come lo take 
lairt In tlw ei«nik»ltlim of the llvtnj: en-aturc mo that 
when present Ibey are treat«l In oelldlvUbai ua i-uii- 
Mtituctii* of tlw fiertna, we cannot vytnJiH.ture. 

(7'o be ruatmwi'if.) 

Combined Effect of Electric and Magnetic Field* 
on Speetrun Lines 
By J. Stark 

The helium liar X-H71.4MI vtn* fuuild l»> Li4iluutih 
|AMt»t No. 1117 111*1") I to tIHJ ii nurnia) 7«enimi 
Irljikit 111 llm lnin*ivt b rM; ,-ITfeT ; tmt whua Milijcet to un 
. l.ttilr lli>M nf fTi.111 Jo.um I.. ;m.<«») voll>/miillDii-ti-ni 
lt«. Ilnexlv.t. a ■|Ulir1.'l Willi twi. «.in|«,wiil» iwelllnlllis 
lonillt'l lo llie IK'IJ uA IV... ln'nHHi.llfiilur lu H. Two 
<«m*m of tlie iraiiMverMf cfTwi .Kviir with Kuperlni|.«^] 
eleclrle buJ niuuiictlL' tiflits : Ul KU-vtric auil niAftjiflK* 
Ai'M* iwrallel to otn* another. Tlie t|iuittiou IbeD ttriseH 

to wlletller lu tllln t'liw tile I 
of Uu> lino oaclllatllix |ien»lnUcul«r to tbe • 
jiiv oneti wpnrntwl lnt«i ■ tlonhlel l»y th« enncnnUc Aeld. 
while Ibo twu CMiiipvMr-ntM •M'Ultitlit^ pAMllcl to thp 
flwirle IWId rwiialH tiiiflir»t-t«l, .t. il«*>* oh-iIImt klinl of 
fUt'iromncDMii.- nv|anill<iti tnkr )ibn>\ t.3) KkHtrlc 1111O 
cuuiait'tlc fttldn in.'rprn<lli'ubir lo oiir niHUlier. Do tbr 



trie field »rb split <t|i Into n rtoablct under tl 
of th« masootli' dt>til. th« tiro iirrpcndlcubir romnoiwrntJi 
rcmnltilng tinnfr*<t^l, or iIooh anchor typo of MOfiem- 
tl"ii ocnir li'-ri'V Kxi^rlmutitti nrv IkHmk undfrUhvii 
wllh a Yleu- to clurlilntliiir itwue lirohkin*. It wiw 
fotiin] tbut l" Ibe admlmloo of a wrtnln amount of 



of tbe canal rajs In the mixture Is more In- 
tenor* than In pure lie. A description In etven, with itla- 
rrmrut, of the npi.tratu>> to lie nneil f.ir Invnttlcntliii; tbo 
cimMmvl effoi't of tho elrrtrle enr! ii»il»tl<- Wi ld*. The 
remillM of Ihr ••*|*rirticltl« will U- | .itl.1b.lt.-. I l*l^r. — 

Influeacc of Ocduded iltwea of tbe Selective 
Photoelectric Effect 
By R. I'ohl and I s . Prinirabcim 

Tor-* SMI l M which hnd iKvti t.t^lt.^1 e.ui(lnutrti>.ly for In 
oiw cm- IN) houtn nnd In »n>ibiT t;«> hotim In an « 
tr*m*l>- S"«l vacuum, wlwrehj lis ylrlrt of ooelwl.il 
hvdroicrii ttinujioil frum 2 cubic ewtlnn-iyni lo 4 X 10-' 
nil.tc uM*iitiuM'tt'rs ih?r hour rier cubic (vntliucter of 
JK^JuojituiL wum found to el vr the same itclecllrr photo- 
electric effort to within tln> UmltM of experimental nrror 
an nota-wlum not »o I reared. The nrewoeo of hydmjsen 
1n tlw* metnl doi* iwit tlwrvforo appear to he of prime 
liii|H.nAini\ TlilH roolt 1« lu direct »i>noi<llloii to I tin l 
oM^ImihI l.y ^'i.-.|rtiiiiiiii tl i of lliillwacbn liiee Alutmrt 
No. T23 tlDHM. the citu... of which live anthon are 
linat.li' lo explain. A BeniTill dljH'iiwtioo on tbe enil*^i 
of the I'lul'ilxn ..f i'le.-|roi 1 < hi nhort .O.i'trt.uiiiuui'f it- 
Yi an-s. l.y < I,, ml. ill iutl..u. ,iu.l l.v l,, „i ,n..l n„. 
tilllty of .iiIIII.t1I.1K tlu-w U lM-IIHlwl IN'»lt*ft J-*r«. 
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- SCIENTIFIC AMERICAN SUPPLEMENT Na2019 Member it, 

Artificial Versus Natural Ice 

Facts Showing that Wholesome Artificial Ice Can be Produced in Competition With the Natural Article 



That utiiiMnl tee Is no* suvr* getters Uy produced, 
■ad «t-'^t. I» to he greatly regretted In view of (Ik* ran- 
idly decreasing sources from nhlcli natural Ice tfaut U 
free frotu cocilutnliiatlou can be obtained Indued. It 

be difficult tu Uiid it stream ur lake that In en 

llrrly frti> from susniclon. 

From time tmiwroortnl it nil* boon the custom uf all 
!*>t|>U\ Noth tht> sarage and tbo *up t ***«lly dvlllted, to 
*tlK(Hi**f ttf tlu-lr refuse lu the nearest stream or body of 
miter on the frluclple "out of sight out of mind.*' and 
us this custom tttlll prevjiL*. with the rupJdly Increflslng 
density of raonulutton, probably no body of water milt 
able for producing ice within a commercially practtral 
dLrtaucc of tbr regions where lee In required could bo 
found that has not been subject to this primitive abuse 
of Isdng eiaiverlcd Into a newer. 

While natural lee, r>ro|s»rly t*olated, 1b entirely sult- 
uhln for use In cold storage warehouses, and under 
similar conditions, there In no doubt but much that U 
now aold to the imblJc la uot fit for human consump- 
tion, aud Ihe Hum- Is Dot fur uflT when official recognl- 
Ifou uf this fact will bo mude by the nuthoiitlee charged 
with the aui>crrhdoa of pure foods 

A timely article on the production of artlflciHl Ice, 
and deaocuuratlns r tint it can be produced and sold in 
competition with natural lev. by A. R_ Smith of the 
engineering department of the General Electric Coin 
pan}', appears In the August lame uf the timrrnt Mff> 
trie Rtcictr, extra cU from which am aub/olued : 

A luxury of to-day become* a noceaaaty of to-morrow, 
and conditions which we are content to endure til prva- 
eut nre almost unbearable when one becomes a ecu* 
toinod to bolter conditions. These statements are pert! 




Fig. I. — A representation of an avert re load 
curve for a 120- ton ice plant. 



ucut to the users of natural Ice. It la strange how crit- 
trnl 1m a community uainir nrtlfictal lee, but the fact Is 
iliat nrtltkrliil ice rejected by the customers lu the 
South would be iiccejKed as good i|uality ice by the 
patrons of Ihe natural product. Now, why la it that 
there 1b bo Utile competition between natural and arti- 
ficial products in colder climate*? I* It the general be- 
lief that artificial Ice cannot he soM at the same price 
as natural tee; or. that there Is do market for food ke 
at a slightly Increased coat; or. that the Initial In vest- 
ment for an Ice plant la ao great that capital cannot be 
readily obtained? The writer will attempt to dispel 
uny such views by comparing the quality of Ice and the 
coat of production. 

The fact that artificial Ice Is being marketed In the 
South at the name price and In some esse* cheaper than 
natural Ice In told In the North, 1b very good evidence 
that competition la feasible In cold ell an a tee- Aa an ex- 
ample, an Ice plant manufacturing Ice at the rale of 
2X000 tons per year and distributing to a trade within 
a radius of live miles, retail? the Ice at $8 per too: 
whereas. In a Northern city of 100.000 Inhabitant*, a 
cum puny harvesting iipproxitnutely 30.000 tans per year 
nnd distributing within a radios of two mites, retail* 
It at $12 per ton. 

It Is true thai the Ice seamm extend* over u longer 
iwriivl lu tli''- Snath, hut there I* not so great a differ 
cnea as one might Imagine. It Is nlso true (hat In the 
South the coal ami ice bmdneaa la frequently cooiblued. 
and the same help and tea ma are used all the > ear 
round, which condition Is not ao applicable tu Northern 
rltlea, where the mayorl!; >>f isssple purchase their 
winter cool HU|*pt> In Ihe mimmer. Put the sujteriority 
•»f artificial Ice should result lu a market the entire 
ftkVt when sold in ouijuuctlon with natural lee. Ami. 
I ■'cause of tlx* reduced coat of manufaetnrtng Ice under 
btgh load factor ciimlitlonsv It should he possible to 
iiuike a briber urtoa to those who purehs»<> Ice »( all 
*eii«Mti* «f IIm* yeiir. 

tCvtlnuir.-s are given in the tUfirtr vthleh show that 
a plaiit of Ions dally capacity, <>r :m :■;*<■ bwis n tear, 
would cost approximately 193,000, mi which the fixed 
charge* would bi 15Hi cenfn |ier t«>n. while the cistt of 
productbin Vrosjli be 93% venla. muklug a total of 11, 39 
per ton as nimtiist BJ o*uts for natural lee These 



figures, however, do not cover the cost of distribution. 

Kruin the ghOfC It will be noted that If artificial Ice 
Ls s«>hi at 90 iier ton and natural Ice nt |t* per ton, the 
execas cost of the former would be compensated for. 




Fig. :i. — llluatration or a cake of artificial ice 
manufactured from distilled water. 



Or. If both an* sold at *s per too, Ihe percentage of the 
selling price remaining to cover the Cost of distribution 
and profits would Is? per cent, S-ili per cent, and 
ls3 per cent. rvs(wttvely. However, the oust of distrib- 
uting artificial tee should be less than natural Ice be- 
en use the delivery men are uot required to cleanse each 
cake. 

Ice la frequently cut from lakes, ponda, aud streams, 
the water of which would uot be considered suitable 
for drinking purposes, filtered or unaltered. This ice 
may be used In drinking water on the claim that the 
pns>ess of freezing purifies lb Acknowledging that thla 
purification Is true under certain conditions, because 
any visible impurities in artificial lev usually find their 
way to the core, the List part froaeii. there are other 
considerations which would Indicate that impurities can 
be entrapped. Ice ls frequently permeated with parti- 
cles of coke expelled from passing locomotives ; Inipurl 
ties from the air nre deposited on top of the Ice by fall 
lug snow or rnln and frozen fast to it; a fracture In 
Ihe ke often causes the surface to bo flooded, carrying 




Fig. 4. — Another illustration of the cake of ice 
shown in FIk> 3. The central core which here 
appears to have considerable width would be 
oaly of line width in an edge -on view. 



with It xiretitn sewage aud ulber luil'tirff lea, all of 
which niny be entrap pel by freexlttg. 

If It Is cooceded that natural let* should not be used 
us a direct cooling agent for drinks nnd edibles, then 
It I «•►*** one of It* very Imisirtunt functions. However. 
It would bo quite impnuitcal to legislate ngnlnst such 
use, mid even difficult to evade the use of lr |H>raonally 
when eating or drinking lu public places, 

t'omplolnts on artlfleUl lee are not unheard of. nod 



they mat be as follows: Salty ice. tasle of ammouU, 
odor In core, presence of oil. presence of Irou oxide. 

in the win system, the cans are set In a brine, con- 
sisting usually of common salt water, but sometimes of 
a solution of calcium chloride. Should a leak develop 
and the water become salty. It wilt be detected by its 
flaky appearance Immediately upon the removal of the 
cake from the can. 

Ammonia contamination may occur In the double pipe 
p re-cool era, or the storage tank. But the former can be 
entirely dispensed with, with little effect on the oust. 
sikI the latter can be absolute!* safeguarded by using 
oiDtinuous or welded expansion coils. 

The odor In the core which may arise from the pres- 
ence of oft Is entirely eliminated when tbo water for 
making Ice Ls obtained from the turbine conilcrasr.ro. aa 
the steam never comes In contact with any lubricating 
oils. Odor arising from foul boilers 1b Inexcusable If 
the hollers are properly cleaned and excessive use) of 
boiler compounds avoided. 

The presence of rust in the Ice cau be avoided by 
using galvanised or tinned ]dplng and utensils for the 
distilled water, arid exercising prosier cure to prevent 
• •xldntlofi when plant Is not In operation, or by using 
brass piping, 

Starting with the city drinking water or pure well 
water. It la first evaporated lu the hollers, and then, 
after passing through the turbine, is enndenaed In a 
surface condenser. From tbo condenser It la puiuped by 
means of a centrifugal pump to the rebollers, where It 
Is thoroughly boiled to drive off the air and automatic- 
ally sklmmml of any flouting material. Thence It posses 
through pipe coolers, where contamination from too 
cooling water can weceeafully ,be prevented, to char- 
coal llltera nnd to the storage tank for filling the cana. 
In gome cases It Is again filtered through cheese cloth 
tn'fore entering the cans, but this operation should be 
unnecessary. The distilling process above ineiitloued 
destroys all bacterial life. 

A quarter to one third of the natural product Is what 
might be termed " snow Ice." This Contains usually 
most of the Impurities and melts rapidly because of it's 
spongy- nature and conaeqnently More surface exposed 
to the air. There is no difference in the lasting quail- 
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Ki«. 2,-Cinc ihovinK the coat per ton at irr at 
different r»tr« of production In a t^0-ton pUnl. 

Uc« of Uc crystal vr clear lev. wbithcr prwluuxl artl 
0cl«Uf or b> imturv. 

A Hood quality of Artificial Ice contains do nlr ^xcrjtt 
a alight trace forxulllK the core, thou pruelleally Ulc • - 
lire welirlit repmctiU crjraul Ice In fact, cloorljr nrtl- 
Arlal Ice which may contain only a thin Aim of air Himw 
Junt lnsdilc tha anrfaen uimI n>firo8entliiis a much better 
crane than tbo natural product, would be rejected by 
tbp trad*. 

The actual might of « cake of nam ml Ice la a very 
uncertain quantity becauw of the lrreeular alia* and 
the loea due to inciting In atorage and during tranapor- 
tattoo. A pound cake of artificial lev ought to 
weigh from 315 to 320 pounds tu provide for Hhrlnknge 
during delivery ; aud the weight la dVii-rmlned by net- 
ting of the automatic tiller. The ten enter* the handling 
room or storage room at approximately the freexlng 
temperature, which should be about 14 detC- Fuhr. Doth 
these roams are refrigerated to n temperature below 'J- 
ileg. Fahr. and there Is no melting k>** or neceaslty for 
parking with straw, sawdust, or the like. Really, the 
iu.ij.ir portion of the Ice la delivered to the wagons nt a 
temperature somewhere between 14 and 80 dec. •ahr„ 
impending on how long It stood In the handling room 
and how much beat waa added to loosen U from the 
can. Therefore, a certain quantity »f heat haa to be 
absorbed by the Ice before It reaches melting tempera 
lure, a distinct advantage over the natural Ice which 
leu>cti the storage at just 32 dog. Fahr. 

The reader should understand that there are many 
different and distinct systems of manufacturing Ice 
from raw and distilled water and with ami without 
comimrssora, ami that the foregoing description applies 
to a ouiiparntlverr commonplace cud system. 



New Divisions of the Inch 

i i.h i * i > multiples or aliquot jwrl* of nu Inch luivr 
been olBclally approved ami vrrtocd by the Board of 
Trade, and will be recognised In Knglaod after Novem- 
ber 1st. According to the schedule of the new denomi- 
nations, ihe descriptive Dumber of the equivalent of an 
Inch I. ir.,'0 IMI, < Rlnnliigham gage). The new uum 
ben proceed try units down lo 1/0 B.u. (0.3964 locb), 
uud Data from I n.O. (0-38,12 Inch) to AS BO. (0 0009$ 
Inch). 
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Prof. William Bateaon 

President of British Association for the Hw—1 

of Science. 

Paor. Williau Baisson, K.R.tv-, the President-elect 
of the BrilUh Association, was born at Whitby, on August 
8th, 1801, the ton of the late Rev. W. H. Bateaon, D.D., 
sometime Matter of St John's Collece. Cambridge. Edu- 
cated in the lint instance at Temple Grove School, be 
obtained a foundation achuiarehip at Rugby, afterward 
graduating at 84, John'a College, Cambridge In 1885, 
Uiitoeon vaa elected to a Fellowship of his College, and 
in 18M7 became Balfour Student. The Royal Society 
conferred it* Pelloarthip in 18M, and in 1904 he received 
I bo Darwin medal of that body for nil researches on 
heredity and variation. Cambridge University elected 
him Professor of Biology in 1908, a pout be held for a 
year, becoming then Director of the nevly-founded John 
Innea Horticultural Institution at Morton Park, Surrey. 
In 1012, he wan made Pulleriaa Professor of Physiology 
at the Royal InatiUition, a triennial appointment, shortly 
to be vacated. 

Investigations in various deparUnenta of /oology occu- 
pied the early part of Prof. Bateeon'a career, in particular, 
• reaearch on the structure and development of Bala- 
noglnaewa (the general name, it should be said, given to 
ess-tain peculiar opaque worm-like animals which live an 
obscure life under stones, and burrow in sand, from 
between tide-marks down to the abyssal regions of tbo 
soa). The material was collected in America during visits 
to the Marino Laboratory of tbe Johns Hopkins Uni- 
versity, Baltimore, and subsequently a series of papers 
on the research appeared in the Quarterly Journal »/ 
Mtrroseajitosi Snerut. In 1884-87, be visited the Aral 
Sea. and tbo other salt, alkaline and bitter lakes in West- 
ern (Yniral Asia, in order to study the fauna and any 
structural variations correlated with the existing lire 
conditions. 



Recognizing that variation was the bedrock upon which 
the theory of evolution rusted, Prof. Bateaon devoted 
himself to it- study, and In 18!M published hie "Material* 
for the Study of Variation." When, in 1000, Iwitngist* 
came to appreciate the researches of Gregoe Johann 
Mendel, of BrQnn (published aa far hark as 1806, but 
long overlooked) on the wurkings of heredity, as ex- 
emplified by experiments on the sowings of varieties of 
edible peaa, Prof. Bateaon took up the subject with en- 
thusiasm, and soon announced that "with the re-discovery 




Prof. Willises Rateson 



and confirmation of the principle which will henceforth 
be known as 'Mendel's Law,' the study of heredity and 
the cognate problems of evolution must enter on a new 
phase." In 1002 there appeared his "Mendel's Principles 
of Heredity." 

The couduMons of Mendel's experiments have been 
admirably summamed by tbe Rev. W. Wilks, the dis- 
tinguished horticulturist, he who gave us the famous 
Shirley poppy, If you cross pure yellow and pure green 
insaa either way— It matters not which is seed-bearer and 
which pollen-bearer — you will get all yellow seeds. If 
you sow these hybrid seeds, each will, If it germinate-, 
produce a plant which will bear, say, forty seeds, thirty 
of which will on the average be yellow, and ten green. 
The green, if sown and sown and sown for counties* 
generations, will always bear green seeds, true to the 
original green parents ll«arriog the always possible Inter- 
vention of insect*)- Not so the thirty yellow. These 
when sown win on the average produce ten plants liearinc. 
all pure yellow seeds, which will he constant and true to 
the original yellow parent for countless generations. The 
remaining twenty plants will be Impure yellows, each 
plant producing on the average one quarter of their seeds 
pur* yellow, one quarter pure green, and one half impure 
yellow, which last will repeat the proems and proportion 
practically for ever. 

This law of inheritance, or ratio of results, forms tbe 
basis of that extension and application to general prob- 
lems of heredity and variation, now no actively pursued 
by Prof. Bateaon and his co-workers, among whom 
may be mentioned, Miss E. R. Saunders, Mr. II C. 
Punnett, Miss Durham, Mr. L. Uuncaatrr, and Mr. 
R. H. Biflen 

Prof. Bateaon was Silliman Lecturer, Yale University, 
in 1907, when he discoursed on tbe hearing of Mcndriian 
methods of analysis upon some of tbe wider problem* r*f 
biology. These lectures were recently pulklisbcd in h»»k 
form under the title, "Problems of Genetics." 



Thrtad-Ktcording Micro-Barometer 

Tiik Instrument from which tho tracings here repro- 
duced wore no talnsd Is a comparatively new type of 
recording apparatus In which friction Is almost com- 
pletely eliminated. Tbe recording arm, or boom, of the 
aneroid la left free nod unloaded by u pen ; this means 
that the Inwtmmmt can Ik- made very' sensitive, and Is 
nbJc to respond to the most minute variation of atmos- 
pheric pressure. 

The principle made use of b> that known aa that 
of the "thread recorder" — a method of obtaining rec- 
ords from any delicate Indicator — and originally ap- 
plied to a ship's course recorder, or recording compass, 
by the Inventor In MMKMUuS. It consists essentially of 
an endless thread stretched on pulleys across snd above 
the surface of the diagram, snd kept continuously re 
Inked in Its psiotsge over an Inking roller. A slow mo- 
tion is idven to this thread by the driving clock. The 
cod of tbe Indicating arm Is llatlened so aa to present 
Its edge to tbe thread atsire vrhlch It swings. At inter- 
vals of one minute, or more frequently if required, this 
arm is pressed by a lever bar sgslnst the thread, fore 
lug It down on the diagram, and thus making a dnr. 
Thc Individual minute dots can be seen In places where 
the increase or decrease of pressure has been rapid. 

The photo reproduced herewith shows an Instrument 
of this kind wltb pspor 15 Inches wide, and sufficient 
on one roll to last six months at the normal speed of 
one Inch per hour. Tbe record la sulomstlcsll; re- 
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Tracing from record given by a new form of 
mlcra-barometcr during the passage of the thun- 
derstorm and electrical disturbance of March 
28th, 1*12. 

Saewtng tee rapid BsrtustJiina 1n eUaMstpherle peaasure 
usually sssodsted wttfe the prca»sre of aaefa aistsrhaasas. 
Mssolnestloa, SO liases ; 3ft laches an diagram equals 
our tenth of so tors ef sserenry sarssseter. 
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Reproduction of a tracing (actual aiie) from one 
of the barograph* of the Weather Bureau. Sydney 
Observatory, about t hree quartern of a mile 
distant from where the micro-barograph win 
striated. 

'•mmd on a second m[*oo1, from which It mm be removed 
at any time. 

Th« lino dm winn xiiowR another design Id which the 
word to visible for twenty-four hours after .narking, 
uihI Iti rewound ou a large diameter drum filed outside 
the ea*e fur easier accent 

t'nllke Other mlcro-bttrogratilw which act on the 




Thread-recording micro- barometer aupplied (o the 
Weather Bureau, Melbourne. 



leaking oflr principle, the dtagratxiN of thin Instrument 
show the variation*, or atmospheric pressure In their 
relatively true value and correct aotuenre; while the 
tine divisions lire lepeesouted lij straight linen. 

Ill the latent design Uie driving dock Is electric; the 
Instrument Is thus perfectly automatic, and uiay be left 
unattended for mouth* at a time. The (bread oWa not 
require atlcnlh.11 niwire Hum two or three time* n year. 

. r safet> Dariag Thaader S tor bob. - It would mm that 
lh« iropular theory that a mulorcar i* om< <«f the safot 
placet* diiriuc a severe tbandcr storm is also a jupular 
faUaey. The Idea that tho rubber tires will act as an 
effectual bar to tixr paaaago of the electrical dirtcban r <' 
may bo exploded by anyone with the inin-ptditv to stand 
bewde a car and plaee our finger upon the top uf a sjHirk 
plug with the motor running. The high tension current 
readily finds a path to tbe ground regardless uf tbe tires. 
Why should not a boll of lightning And a similar path* 




Improved form of "thread-recording" 
barometer. 



nicro- 



A, Rloctrlc clock sad ptadolam; a, roll of paper IS 
lochia wUW, sli moo Us' supply at 1 Inch par bow ; C, 
imtgM sctusUoi rewtndUiK drum, glvlag ualform pall oa 
pa p(l aa* witut nrr muath; t>, r*«lBall&if drum. * tnckco 
(llssfrtrv, aicd ont«10> MM ; H, rs**. 3 tott 7 t B C k W 
Mtaare, by 8 laebe* 4>^u- 
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Liquid Crystals and Biology* 

Discovery of New I*roj>erties of Matter Assist the Study of the Secret of Life 



By Prof. O. lx»hinann 



Tur mutter formlii;: the physical basis of llihtc oe- 
K»tdsin» U usually mcanlisl n.-t u colloid suhslaiwc. a 
mixture of e\lrct»irl> ntudy illvlihsl solid matter with 
jt Ihiuid of )elly-like consistency, or mi emulsion of 
two liquid*, since Much ti mixture faun nu orderly rtrne- 
ture. It bi ittiltcult to comprehend bow the multifold, 



coin* iiilo cxlsteta* uud restore themselvw after In- 
jury. Likewise Ibe djiwniic effect* shown by organ- 
isms, it* for Instance Ihe movement of nil « mo-l«* in 
ii definite direction, are easily reconciled with tbe 
colloid nature of living matter. If. say, a* a mult of 
stimulation, CImi ciajat were to ikwmw anisotropic struo 



liut of i*r*»f«.p1itHiii would Ik' fur more .>.inprvheii*lnte 
fmin u physical standpoint, 

Tbc chief objection to such nu assumption Is (lie 
prcsupisMltlon that anisotropic slructure, can lietotuf 
uiily to ItrlttJp solid Itodle* tlw crystals, itncj ttiut plas- 
tic ami fluid crystaL- are an hit]- r*>l Milt) Of course 
this follows from IIk.. old. alm.»t axiomatic "theory 
of Identity." according to which for example, lee water 
anil steam have identical molecules, these molecules be- 
LtifC arranged In different iitfffrcciitc*, a* bi supposed 
to Ik- tlu- <w*e with tin- polyuiorj*ou* uu*llitratJuiiM of 
sulphur. Acowdlnjc to lh\» old form uf presenting Hie 
<w*o the molecule* of a molten mass ure freely movable 
anion* themselves since cobesion aod molecular direc- 
tive force are supposed to Im> rotlrcly overcome by the 
violent thermic motion uf the molten state. At th* 
Instant of Molhlllb-altoii nil ttilM U reversed mid the 
muJceulc* ore supi-awd In tit* It wen*. Into 

orderly nrracu.'cuicjit. Into so flvrd a relationship Ibat 
tin' thermic motion I* entirely overcome, awl all puis- 

Since certain crystnlihw HUhstai*-*?*. CNpeHnlly metal*, 
api-tiur to In* plastic n« well us iiniorpltou*. the physicist 
labored uiMler the ni*ee?i*ity uf exiilalidne thin pbe* 
iuiiui'in4i by :i»*uinliktf n MluittertDK aoil then a re-weld- 
hu; ..f (he fmtriiienl*. Hie latter taking jaace by |«rnlM 
slilflltnr itmiiNUitl-M.t 

Khilillty of a <t>kIiiI. due to dUlurlwiiW* uf IU inoler- 
ulitr nmiitcenieiit. -Mi'meil inei4iin4vable P tdntT only tun 
Mtiible nioliHuIiir iirran^-tuenbt wrn* held to U; |k»- 
hWUv, Oiv almitut** Irietfulartty of Ibr uolt^n utAtr and 
Hie iNtft^tiy itvubr dlM^iHltb.t. *>t tlie m.Jerul^K in 
■TjHtaU. 

Sow, aeeitfilbie to my re<idl« f bvlweeu llirw two 
t>xtmnr« of |Mtrfe(<iy n-umlnr and entirely irresular 
nitilrttibir arrtnuji'inent, a cnut iiiimtH>r of liiterutedl 
ale fm-uii are p<enltiK>, tbo ««]iillltirhini lw<ween uiolw* 
«Uir fom-« and HhtiiiU- iii'itloti I* a HiaWe eitiiHtHriuitt, 
t-lliiittnac Willi IIm- teuti^'nillire. tun I tlu* BpiKirrEit 
->imp|k]ic «f the molecule*" into <»rder I* merely an 
. rr..h.-.if. NiiiiiMwItloit. ^intv In reiillt.v If N 11 -ihblen 
iillernlb>«i In tl»'- UDilii-tilvt tlu-iiwHi'M utiUli tx^ilfN, 
mim) u tiU It rtiitnriiliy 4M-t'ti>ii>iiM hIihi-|» iraiiHrxniiMtlotiri III 
tlie lutein nhir for<>^. r'nrtlwriiiori', I found lli»t 
llin*tii;|i sik'Ii ihiJih uljir i liitnire** llironub tin- m tttm of 
noilii'Ulnr dlr«^iivi b foni*, niti tmulnil work inny !«• iJb- 

(tiln^l, titi.l Hint. I Mu^I.v Trirtii <-lieuileiil en.-r-iv. us 

In Hi-- * -a f w-'t-k iU Ii> ..rxiiolwiiM. 

My u'ttrk be^ti wSili tbe -tinly of iitiMu^iium nitrate, 
mul my oltjrct wan, from tile utiiii. tin- ottNerratlon of 
the llfi- prurense* in oncnnixiii^ tlu* rva9«i«iM for lb*? 
form* tlii-y jiMxiitiM', mid tli^ir power to do work, and 
•*oai|uirl*oti of llw— plM'Tu»mi-un with tlu**e wn In 
imhi livhnr matter. 

I f..m>( tlwf the modili.ntb*, wldib hhh-iip* with 

wtklltl.'iitb r tlw hm.Ui ii ma**- lit tell .l.-irr--- i-oiL-vKtM 

• tf \s-ry stj\ n-riitnr > r>-tiiK vtitcb ntfiiln on tiM^liijf 

to iur».i; iii^rinrs first r.ullv . iv^inihx*' in <■ mw^nml 
iii<«ltnv:itl.>t. esa-tly «> If tb.v «,-r,- ll.mld -iivhiln. 
TIiIm nKi.li, >..ll.lln,~ to ii .till differ I.H-...HI..I.- form 
at v.'.s ili-un-^. uhMt hi turn tit XM deilTee* il^mim 
a rliomlof (.inn, while tit Ui decrees a tctraiMita) 
ni<*l)h< id Ion tipi^ urs. ■ tit n-heatiriu. the >n!iNtnn<^' 
"ioi'H>" iijl • • tin- t-fc-**r itt-fbr iit<*illtletith>«iM nt the wuce 
t*ii)i--i^i.if. , Miti- mr;tiii tin irjiiiHforiiMilioii niniiot 
<x.i^lHt In lib' ih^'ik^I "viiapplin:*' ,.f Ihe 
liMih-ul.ti Inlo new jirraii^HiiieiiLH, (din* In tlnit ano 
the ij>**-rf*i| |. It-tii i( y ..f l< nt;MTtitur*-* for Ilie luick- 
ward and f«rw«rd < htnii:e would he as Itopot^lMllty, 
hut tlie liDiirinc teiiii^nilun^ i<> nhU h Ihe itm»*>* rxiuld 
Im> nmM or lunieil n- 1 1 hi. ut $nn|<pti^ frxtn one in-olee- 
liir nrriinirfriiKiit \ut<> .iui4tivr would vary the more thn 
iin-Hter the de^re** i»f hrtniH^o* of tlie traiHfi^rinntloti, 



Tlw Idifttity of 
^•lldllMntiun Itad already 1 
"unJiiKtlx^try" n» doea mill i 
triUkhforoonUMi temperaturea. 

Xforeover the «bjcnlttt«ni alteratloa In tliarnclerlntlea. 
colucldnit with |>olyu»orplMiu^ tratiafonnationa caJitiot 
bo rjcpUlDed hy tl*. Uirory. I found that the Ion* 
dowUw of the moooellnle form of i 
eoidd ho tient Into rtnj^t wlthoot Injury to their 1 
pnrenry, itrul that Ihey !*howe«J not tlw lea>t variation in 
Holubllity at different point*. allbiKittb their Uflolei-ular 
arrujicerjictjt uiunt liare sidTen-d mticb more statif 
chaDRe than In any "xhattcrUiff" iwoeea*. of wbkeh Uiere 
was not a trueo. Ai»o la iK»lymor|ihimj« nindthVation* 
no ehanjre Id *oluhlllty eonld oeeur without a ehiin^v 
In the moJeeulw themMelveM an well m In their arran(e- 
ntriit. 

I wan able to establish the potc*lhUity of dUturtdoc 
the moleeolnr nrranjpr«nrnt by the admixture of for- 
eign xulwratj.v*. ; naturally thla had Iteen exelnded from 
Ihe r**Hw ** ; 
Ihe art Ifh-lii 1 eoloriuir of Balbi (Set.aaioiiU heiujf rt- 
jranh-d lis a k-klnir up of partk-let of eolnrlnr matter 
la bo far as thi'lr moJeeuleji eouhl iwit tic considered 
*n for Nlailhir physjejilly awl ebcnaleiilly | lMnoioqih^- > 
thnt they e>mld re|dace thoa*? of the MiUdaiM-c *x»lof*i| 
without deNtrm-tMi of tbe molecular arriiii^enjenr 

Now lutioiorpliic eumeahnieot (UiveslituM't octSNiaoed. 
ucTordluic to my retmlU, twiaUtur aod wnn"*n»r- whfceh 
prodtwed sidierteal crjmtabi with a whole wrles of 
tTiin^ltloual fornin hetwoen thoco and like normal eryx- 
taU TlieHe HfilKerlefil form* are dellnitrly rts>t^(iii)t- 
iibU- jih -rvntiilH, 
r*ren dlBlurlNsI lu tbc I 

Of courm-, uccordliiie to the old theory of <ry«l" J liga- 
tion, the formation of a liquid cryatai 1m InijKMfilhle, 
a eryxfal eootantly alteriog and restoring It* tuoJoriilar 
order. The MiapJ^Dg Into belli* lu tlioiitclii «f «h an 
irreverMlhl* prucean, which aaanmea tlie presemv *if a 
•limit of elaslklty" (the Internal friction uf rest). 
KluhlM are by delinltlnn botllea wit bout a limit of .da*. 
Melty, heiuir ihe ahxitrdtty or ttw whole Idea, After I 
had reeotruli"! the aeropted theory a« ful*c. It tticb 
lieeame |«.t^i1b1e for itie to entertalu the idea of llipdd 
cr}7«tals. The study ot Hllver nitrate pive me the 
direct iiis|dratLoD. At And 1 thought Hm> piodltlinllim 



trvm tt« «»v*c*u*h* /«fteAr^f. H.n.t ii:i. 



"eft I. 



flndliis later that It was made up of rctfular ctyxtalf*. 
Were tlw*e crystala tbeu vkvUw? The devJidoo rould 
real only ou a determloatlon of tlie limit of idaitlcity. 
wbleh In the characterUtk; of the %olld shite, and 
for practical reason;* thin detennlnntlon ei^iUI imt lie 
turrled out. 

*etil me for e.Miiniuatlou a prrpiinitn/n of eliolesic-ry'l- 
lienx«Mite, tif which he wished to detiTitiliie Ihe iioJh- 
nhir wi'U'ht, w hli-h, liowever, when iiiotteii, an 
opaipK 1 nxns*, the imture of whhti he omld fit* eh-*iHy 
iiuike onit. He thouulit tbe i^nxlty, wlileh o.itirrt-1 
on eiKilhiic V*a« due to tlw sepunilioti of n.-ful erystnl* 
mil of an bolrojdc inuUeu mass and that iai ruUdnir 
Ibe temia-raturc oUy streak* .should appear lit the mol- 
ten ma*a of a modification untte easily nwlbsl Sln<-e 
for iu* the ebafui'terbdic of a cryatal wim tin ability 
to crow in polybedrk- form, ubil since I could not Out 
thene Hbiiia«f. I wan ut find at a loss; mil? ufter tedious 
study did I discover that the i appareiirly. not really) 
isotrufitc fluid coittalDlui; the oily Mfreak* U difTer*Mt 
from (he l*otro|>le nioltep ma*». and Iiiim (he huiuo 
si'liiMIIty ax tbe oily »4r>^k^ mul irj^tnls; nlso llutt It 
arh«e* ffOOi tb*x- without . iiiiuiji* *if lemfM-mturc ; 
therefore, I coiijfi-turtd tliat we udebt here U- d.^iUn* 
ore fluid than th.**- of MHcr 
which I ninmrrod In a ]ire|«*nill*Ki 
scut me hy I„ Oiittermtimi, «1mo lurhld when molten, 
strctiirthoiied my mip|h*s|iUm) of tlw t*ftl*tcixM* of ]h*|iihl 
i r)v|«iM, Tiut pruoff wan larklni; siuoe I oould not Jlnd 
the (HilyheilTh.- form, tin* cluinii-terl>tlc of * r.vsliils, 
Iteul proof 1 ol'tjilni^l llrst with the h>>lmte of 
the myelin forms of which hid 
already arousiH my Interest- AHhom.li these are 
t.M.U^kl ll.juM ery>iaK I did fi"< ImnwsllateJy nNMpuiu' 
tin ui »* stwli. tlr^t, |miiius« I did not Hud tin- dUllu- 
CiilHhiKi; mark of |m>i> ln*lric fi«nn, and seeond his-iiiixe 
th* > were reitarded as tutnilnr K*ekM of j-rei IjtSlulhfi 
nuinhriine Quincke and othrno. S*t iioiTter^ »U»»l 
wh.li the tttrbld iridi^rmt molMi ct)..leBter> l-U-nxooie 
i iune up for study. IteliUtTer n loajtimplina that It wa* 
a Jelly or uu . 



ii..||iliu lo he ms-n of fluid crystals* so naturally my 
t-*iii>4i'tiin* itnmwHl ktrtiii^ op|kos1tiou, especially stuce 
tlw iiiiis-urmw*^ were Ub*nlUal with lho*e of the jvV.y- 

\'»U > •din fortiis of nmniontuui «*leiite. I took up ucata 

tlw <lody uf ummoulum oleate, and with this obtained 
tlw Irrefutable proof of tlie existence of liquid crystals. 
I m,u iry>tais which haTo the |»ecat!arity when airl- 
tiit.-.l of flowing blether Mice two drop* of liquid, and 
In *ueb a way that the u<iriiial order of ^lulllhrlum of 
the molecules and the normal form are aicalo restored, 
nk shown by milieu I and uechanlml reJatlous. Ttuw 
pbciMimeDiin 1 calhsl "siroiitancmi* homolltrojiy." It 
was Mometiiinc entirely new. 

In the ca»e of the*, crjxabj there can 1i*ve been 
no -saj*plnj;" Into Jlied woUx-ulur order, auJ there 
nin be iH> Htatc of h tress uj* when elastic or plastic 
■mild crystals arc bcul. Tbelr molecules behave rntber 
tike free moving astute inii^iM'tkc systems In coa*tant 
inr«tUiu, yet In htuhJc iiiultlhrluia In tbelr orleutatloiL 
I'ury twist out of tlw natural lamltlott of isjulllhrluin 
result of molecular JirecUrc 
clastic teuslon cannot oxUt. 
The limit of idaitiHty mu>t then l>e xrro. The crystal* 
Ditt only can hot most Itc de*crltH>il ax Mipild, I-ecUtitn 
ho* t«een f(mrn) to occur Id ll*iul*l cr>stnliln«. form, and 
we limy find the mime true of cbirlliioltwte and protairoiu 
1'retaicoii. Icclthiti, choU^teriu <*fer, nod olcate arc 
fiiuuil In brain, nerves, etc., and mv extmnely hn- 
rN^rtunt to all vital proee****, 

Pclmbiy theoe are hot tlw ixi)> Ihiuld cry stall Irw smV 
^taiieeN ciailnliust In living matter, since tbelr riMHtj;- 
ntthai a* furli came ubout tbrouirli their double refra^ 
tlon, which may Ii- so sii^lit. In ease It exist* at all, a* 
to lie entirely unUiwpri utile In iiiicrosciiilc hiyer*. 
Hcikv it eaunot t*e *h^iiUs| iiiicroHCopk-ally whether a 
liipild tsnn only In layer* of microscopic thtckiiww I* 
amorphous or crj>tnlltn^. liven In e**o of the above- 
named snhatuDei^i thU ocimsiikoulJy pr<iv*>* trim it) ho 
fur us Iheir dou)vi«< rcfrii^Uni can tie altered by a hmaa 
eoiublmillon wllh .4h.r imitter ((s.(*eially watert a* 
U true of M.lld crystal*. Kor eviimple, If water * 
trinhinlly Hddisl lo a bolutioli of amiuotdum olente 
liydride then tirdead of tbe small sleoder i»ohited crys- 
tals, more and more rouoilcd obes njd»eur; idatnly there 
1* fMnii«s| a combination richer in wuter, wldch en- 
in*^>he* Itself reirnlnrly oriented In th* llqnld crystal* 



If normal llunM cr>->dal« of aiuiaoiiEum oleulc hydrate 
are hrnnicht lnlo contact with water 4 better spirit* 
of iiuiiiuidU) myelin forms ujH*'ur, which arc nothlDj; 
l.ss than nilxeil erystiils of tbbi «irt, e*|ieclally rich 
In wat» r. ii 1*1 In which tlw nptlm! axU staiuls every- 
where mdm h. (In* evHudrienl avlK. Tlie double re- 
friiclh.ii dmtiohhi-s an tlw ;«ni*mtit of c«intitliied water 
lmmt«*s. l*hreni>slii or proliiCi'ii swell like sttinh 
i'fiihiv utit-n iriimi.il in water, tflvlrui rise to myelin 
forin> In v.hlch dt'illtle ivfnirtbiit illsap|ta-ars entirely. 
nhlioiKfi Hit- Umh haul, ui pro|i*-rtle* which dlsllii<uUli 
them from iuimtpIhius or ^illoid lustier reuiiilii uu- 
eliiniKist I e.. the HbiMly to f. .riii themselves utiul 
lliiil without irrowluir. like solid crystals) merely 
IhriMitfh the istJiT.llshnieiit of tlwlr iDtermil niolrevlar 
iHiulltbrhun, wblli- nialuininini: tlwlr normal *tnMure 
ur pnuhb ing nu « TmnU^l work. 

In all Ibcse |*iiid* tlwre are Mrlklntr amiburfe-* lic- 
tween tbe ladiarlor of these li.juld erysUls and the 
ibjinieterlstb-s of Jlvlnic mutter, wo that the AoUiui- 
tion. "npjmr»utly livliiii erystJils" i 
I- .niirely jLiNiiriiibJe, Auum 

Mull lllLlloul'^* e\lnt. 

I ill nil- >t jjM Into ilef.'lU bet'*', but llttist em|ih:i>lxe 

tin fmt thnt the b. ram l iwi of tubular and e^n.Mke 
Inflow my.lln forms t< an etitirely dirferciit inalt.-r 
fis.m the formation of "urUiwiat e*llh" W u w f < w llold 
niiitler Tbe latter urow as a result *»f osmotic pri"s*nre 
and are ebe^»«l priilplt^tloii meiahriiiK-.. If tlwy *r»- 
1 4** -tied at any |»»liil. then of course Ibe tdi.'lier ]m>N 
sitn- within vjtit^h— uwt -ruwlb Is no louder piouilbb*. 

In myelin form*, on the e.uiirury. ;hi«lh ii ih«1 dls 
tutf-sl in thl> way; here Jlw prepare h les* within 
xiid tlw low ph^Mtiro fiiahles llicm to sueli In forel«ii 
■*iiltr«t;t tiers like :i tntppi'iit it la-**. Till-* J* tbe direct cnu^ 
ot tbelr ^rnwlb u ft* I iMH'iiltur ^tni'ture. wbb-h exactly 
••t.rn^rHitiiU with the <irueiure tnken mu by a 11'jubl 
cryvtallSis' uwivh mIu h mu-ttd op ini<> a vi-rj Hue cnpil 

lnr> (iLlie If *:i l^ilo.p-ii- n|||ihI:i|i-iv |h ;|l-"t llrswn U|<- 

I hen Ihl- form* a i.-iu , > lindri.al tiuhbh- in Hie axis 
of tbe tube exactly an In the tuse of holloa myellb 
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Tin- low pfc**uiv u ittilu lx tlu.* result of llu,* ftretVh- 
loc of to* outer liiyem due to swelling Tin- wurk Uiu» 
l»rodi»ced eorre*t»oiid* to tlie energy lout In the swelling, 
thr ebemlivl cwrsj". Wtlh iili4.cri.Ii.iu of mm-r, swell- 
ins wvura nlso on the !diwt wufiiv, *n thul mwli op«i 
hollow imelhi form* oeonwlonally do hot remain cyl- 
indrical, but m*)' lteetene hcll-slmped, 

Tkr utrtVint/ (« n«f to >» rxm/ui" ij tr,r* HiffuMtnn. 
The liquid crystal i* iwi permi* am«« Into who*p pores 
iiuy IkquJd nhntever may he startled , hut tlu* foreign 



il,. .«ilcrftii«t layer, lit tin- b,*ir.i|*ry U Iwcen lltix ittxl 
lite nt-M ]it>»-r illKHiM-ititU.lt iMviirw, mi') u in rt combine* 
witli the •oibjitecnt hyer. mid penctnitu-ii taking 

phm* not »1siply by diuVdoti. but by n eluuikul pr. 



tlu' »iuiirc **J fiirtx) I* I lii-it largely (ikciubal ei#ere.y. 

\f»t alone Iliniiuli *weOlliig mil lounlfesrtntUinps of 
energy tu'L-ur. Imt alwo through traii^fiHrmutlotiH, that 
I*. alteration* In the molecule*, where, since I lie iran*- 
foiuiiUl.-ii b. ii chroilrnl pr.icv**, thr watw of the power 
to .In wni-k Im tu-uIu rhtf-wlcal. SiwJi dynamic cnVeta 
art- w ry «l rl k big In I inyel In f own* . if pro? ngnu. 
which mi soUdlfl'iilliKi maidenly h batten thi-iiii-lvc* by 
half without nltc-rathm ui tin-It opH<ul orient alien, and 
uu hclng warmed, a* suddenly reu*»ume Ihelr former 
uijih*. Kw-n m.>re IntereMIng l» the pticti. 
in tin- myelin form* of iiiitiwotiliii 
iM-irur tixil<Tl below — 4 degree* MUihloiily trie* to ex- 
pnnd, being transformed Into n w**s or cylindrical rod* 
<.f tdeiitbut optical orlrntiitiiMi mid Mrlklnie ittcnliiHt one 



utiMli. i at till niui*^: ami wliuh iti Nlnir wurnwd 
abnvr — -1 U#itroo»4 im Multlcoly rrjiHKUOiW! 
i-urvrd tuna*. Hew «*• li*»e to ilo i*ol with r 
uinou, Inrt Willi ■ tniuif»rm»tli4i int.. • vl**i«i»i I 

>-rJ»Ullllllf IIUMlUUvtliMI. 

At IftiltoHk all i 
<.f mi»Uinl.ir <llr*.tlv«- tlw* HfiHrtu i>f rfvolvli.* 

cl^ctrmiet. 

Attfiitbn liai« Ikh-ij t-jll(?.J to (lb? f«ct Uiftt In H.|ulil 
plrz..^iirtrli*l iihfiM.nirtm tnlirlit *H««r, wlii. h 
Uiticlbt ituMltily U; rclnu-d t« llw <>Uiirle rurn'i.M ml 
III* lu ivliii^H'iil with qiii>m>Ic miltrartliMi* sail with Hh- 
tnaiiMub^lori <>t Miini\ill 1n wrvw. 

Nxlhinr ilfrtiilt# Iih> >«-t l^ii doii* In thU n>lc|; thr 
utiidy nt niylln f*inn^ U liitf m|II1 In It- InfftDry. 



Protection AffaiMt Fire on Board Ship 

It \* a n-marknblo f»rt t)i*l, iK-ta. ilt-1iin.hinc llu- j,ti'jiI 
<l«'\<-]t»pmpnU thai lk»ve tAktn i^n>^> 111 t\ir> dftail nt 
lli<t li.-mgn irf Enerrham *ttwilr^h»p«, littW' or ivu pmcrt'w 
W rK^n mwlf UiwaH Uie cff(vtir«l of lliv 

*o*»*l Ae«in»t flro racn-ptnyr. i)*rba]w, tit the (lm«liun 
of iinprovprncoiU in the pumj* Mid in ibu dJtftrihutioii of 
pn^Kiiro mut fmm tlicm. In Ow caw of wnn<ui[i* it 
Kiu fur «nrni- yf*rs Ufh rv*l*M*d t-lint oih* of tb** diuiirfri 
to b«i mot in naval Mi|f»c< itii rit4 m hir>. duo to the tv ti»m 
of thr (ixploaivp ranuiita of tliw hIivIU wliwb limy f m*iw- 
trat4* into th<t interior **f tlw <Ji'p; *nU jmiirrv** iia^ >i» .-ti 
n*adii in th*» dilution nt injuring tliat f li»j *»tiuU- «.«f \Im- 
mt trior fittingi; iball ho of a rit>n-"»»nil»u>»titilo tniittriuL 
It runnot bp naid that thc*o ha* t*f-n btwiI Iwh itt dwiirn- 
livr offort, althmigh in thisi n*fttt»c tliO warship \* in an 
fnliroly diflf<Trnt position from tbo moduli lln^r, So 
»tt*-inpt ha* born madf, «v*n iti wnndups. to iutpntntv 
furnituro miuio of nwitaJ which wilj r*^ibt lire, tbf iliwry 
ln'HiC th»t» tmforc an wigneprnf-nt ie vot'.'rtff ujnm, nil 
»*M^I*«n fiirnilnrc, a* w<J| a« all |n triable vunilniKiiblct 
niati-ria), * U*-, nill be jcttiMonM 

In tbo nwri hant -urvW tht-n? k iwt tl«; mmif ri^t of 
lin* a* with won-lup* in a/ti»in, hut HiuU^tivM ^how that 
.luni* tbc iwkI . i*;)it i»r ti ti y*«rn lb. iv hnvi- l.nH*ti aittvital 
a^<Tu|C«» of i»wr 31X1 iMitbrvtikx of fir*- on Uiitril ship, 
eithiT in ptjrt «*r at >•*•», wbih* llwj uUntlxT or sliijis i*otn- 
pk't*4y dwtroy«si by llro au<rai,iti our Uvuty |mt 
auoum. Thin mu> not wfiu a large fwurf whin one 
wmi-mW-rs Uiat «rft tbo nttdter of the fnit«l Kitiiri!om 
alone tlifrv an* nvariy * 1,000 abt|M. and tluil prjltultly 
UinHiichrout llw world thert* are - r iO ( W0 ships eontiiiii'jusJy 
in service. At tlw natm* liine th*- pow«tUk hw« of life, and 
th« probable de*tlm*'tion i>f pn»perly «nimH|uent on fire, 
tfboukt eaeimrnire ran-ful «yni-HideriOion of nil p. whittle 
nHttbud.1, not only of jwei t ntnic an ontbrtaL, but of 
quickly and i-rTivtually am**0ritr it ia the tnitiitl stajri-a. 
l.'nduiibliiily in tbe i-iute of jta*wnx'x »hij»a tlw puhlii-a- 
titm of the fact tiial m>iiU'thiiuc bad btn-n dou»* toward 
thin end would have an i-ffocl on the InM^kiEupt eorro- 
upoodinic to thai resulluuf from tlie evidence iriven of the 
fHMMaiau-n of life-buau for all. In the new llamUury* 
Am«triran liners "Imiterator * and "Vaterlaod, ' tirinwll 
fiprtnUrrs Imve U^-ii introduced, and tlu* fm-t ali»no 
jiijttiBist a iMnuiidiTatton itf the efleeiiiifiew of thta 
metbiKl of eomlmtiiie lire on board a *liip. 

Tlin extent to which mh-Ii aittoinatic ^jrinlJi-r* are 
tttcf] in mill*, fwtorie*. wan JioiMeti, -ttoret!, halls, tlwaSTv, 
etc., and the di»iHxilton of lire in.xuraix'e 4sim|uni4» to 
Ifrant reltate on tbe premium* tA lir« inioiraiMi! |«tl« 
vhon i>i>riii klcm an- littciE, ix evidence in favitr uf iUt 
nWeney of the same syili-ni on board nhin. The e».i>- 



favorable. be*uuijse bene the s|mm l U m* iniuiit. iy divNb^l 
lip by iron di<rU*, trawvtrw bulkheads, and eini by 
rabin and alleyaay wall.i, that the initUI outhrcnk of :i 
ftpo u oonflnt-d within a Umibnl are*, and were uut.»- 
matie sprinklers immediately brought into ai>ttim. tlw 
Are would the mora HkeJy bv quenched. As to the fnt 
hik of tlw water in tlw pipes- an argiunent wmu tiineK 
tlMifl air&inHt the *y*t« ni- tlw dr>-i>ipir sjstem has pm\t*l 
an elle»'tive proventi\e. In this* *y stein, s-wull«l prcuurvi 
tankn are provided, containing xufflcicnt water f<*r a 
priinary nnpply, and this wafer i* held in cbi*-k by u 



Htirw on one >ubi and air prrHtun- i>n rheotlKr. W'Iimi tl^ 
rise In temperature, due in the >1artiiu? .»f a tire, nu'll* 
the m4ib?r of tbe sprinkler, tbe ..j*ninp .4 tlir lujtd 
lil»erat4<» tln> air, ntlueinic tin pn-wurc, iiihI tin su\\*< \* 
up«'iMyl by tlw wat»T-|ir»-»oin- above it t-xr. valine, tlu< air- 
pntwure under it. Thus tlw- water tlow* in ely thruugb 
nd out of i be op»n lutwi*. Tbe im.|n tt-.n 
t.f the Atci«*ria1r d Tuetury Muliiji] Fire In- 
surance Co:ti|>*nif« of Amorien, whieh hoa hi-* : n re- 
sponsible for tie ntiinc t.prinUip>* to quito u num'ter 
of American - >it j — , iMilmlitttf ^»ie.rji«;. ri>«T ami hik>- 
pwaiPT^teiiimTH. ^r.inai.^ th.-it wiib any sprinkler 
ayidrm on >»x»e.l nhip tbe hwid. woithl U- npn. . -I nhout 
10 f«-t ajuin, ««eh i«»lociiii« OKI Mt |tiar*.< fit*:, and thin 



the "<Htt of Aiieh an inhtallatinn wt.iJd hm ^, al«*ut l*» 
ibilbuirt jH.r heiwl, flxcludiror the f»wt of the pmnp». In 
laud prji. lice tti*i co*t ib only aliout VI ^hilliiiipt |x-r hend, 
bul tlw nhip »fc1*llnti<*« would probably rust niore. 

Tbu treat on ill «»f halite *» here ^ruo ik carried uivoIm« 
a K|>ieiiU apptleatioii. i»ro. iibirly *lwre the earfio in of 
a out trial w.ilb a tendency to »j;«.intanenun cvibtbontuMi. 
It would be dlflit'ult fi»r Hpnnhler*. and even for a hose, 
Co h undue a lin* of thin imtore, althotiKh It miciit jiost- 

p«1ie ■ieriiHii* «H»niiei|ileii4'*"i MUfTiclently lone to enable tbe 
ship in rrai'h pt»rt, Tbe aotl^irity alreudy quotiMl Irnn 
ndopt»d a j»yMe»u of iiitnMbit itiij eiirUm dM»vide into 
*arehctu^ ^nu|wrtMifi*1*, which are Himlijeoic* bi thtps' 
bold*. The carh./ii ili.ixxb- i« por«-h»KaWe la a form 
lii|txelU«<l uiwler pn-Hniire and rnnlained in drums. Tbe 
liquid irai in paowd (hroiiirh pl|»« aiwl exudea thruuKh 
npeuincK al the top <tf the warehouse w bold, iU apectftc 
Kravily caiiMiiut it to nlnk. and thua to pfuelrate the 
I tit end (<'>•••* of ilw rarvv during ild dv-renl; the result is 
that eoinhufdiftn bi rendrred ImtHHtKible. and tbe tire is 
either held in che«*k or ♦•.(mph-tely e\ tied,™ died, the in%5 
ulliitLately heiiue driven -wit or .-ttieked out by fan*. The 
diflb ully i* I but Ibe . urh.m dio^ule, though not exphwive 
or din« tly darnrxriHiR to life, tends ti<word asphyxiation. 
But a mini can live for a limited time in an atmosphere 
containing 10 in 1"> per <-*Mit of it, ami it i* eon p j ted that 
from '.Hi to 10 |Kr edit i* siifTict^nt U> extinguish a fire. 
It i* not darapToa*! to nur* liandiie, and the quantity 
required is aU.ut u *il) |aitiml cylinder per 1 ,0H> eiilae 
fi^ t itf J«ir. Sulphur dioxide liv been used, hut the 
authority quoted foitml it ob^eettoiiable, as men could 
w*i U\*' in an attno^phere eonlainioj; any appmiaMe 
iiinoout t»f the iran; moreover, it injuriouK to rertaio 
kiii'ls of men-hniidiw . 

In addition to Ibis mean* of extingviihinj; an onthraak, 
e-tn!*idt ralion ithotiUI 1k had, in nierehaiil-*hip praetire. 
to the aduplion to a liuv<r extent of nu-tal in pn ti reafte 
to woim). It is true that MM^aHisi firo-resistinir paints 
art; latV'ly umyI, hut there ix doubt of tbu «4fteiu*y <if 
the fcTi-at majority of s*ieh paanta. In prefemtefi to 
wtajil a lijrht .it«-l miffht 1ki iued. e«i>reially if linrd 
with non-rttmbiwtible uumlatin* material in order to 
jj.^'iirr a more equable temperature within the <-*hin* 
tn eliinati'K where extrr-nte weather ennditiorm prevail. 
In refill yenrt. tbere has Im^h eont.iiierablri devnUqimrnt 
in the Mimuhithin of avHHt-carving ami deeorntive pfT«« t 
ipenirully in th* prttducti.Hi nf im t*I funutiirv ; but. even 
mi. w. are a h>ne way fr. im achieving tlw art^lir effortM 
a liich <-an be if.it front u<hmI. In tlm irifwlcm liner, hou- 
eviT. pl:i-ler-i*f-|jdkriH, and >.rh*r *»i.-h nutt' ttab are lieinif 
ninii and ire>re r»Jit»l ujh.u for i|*mr»rtve piirjNMM, Jn- 
d.xd, in an me or the new.r nhi|»i it is dilti.Mll l» traMp 
i la- Oc t tb«l oi.e u not in a m«.m m fhon . )-» of 
lb. (/«j.tnntit .if the oeiliiMj* and *alU If thi* pl**tter- 
of-pnri^ *..rk pr>ncM to be I^Imik. a way t* o|*-ih<d up 
for ibe a>e U liiilit-l.il ]K\rlilitiU waJU with iiixnlafinc 
innteruils in pr»-f« ri ncc, or in addilinij, to the planter-of- 

Tbe qi»ft*tion i* lareely nno rrf vxpeOMe. The bubstl- 
lurimi of >.teel and pWler for wumlen d»oka, etibioa, eP?. ( 
in in«diniu*ml latife pn»winrrr \««*m>1k would iimtlvoan 
iii.-r.«w in f<xpeiiditnre up to 10 f*vt ecnt i»f the Ciwl uf 
tlie »-j|tire nhip. e*< lutlijlc ewn the extra i^**t of «t»s'l 
fiinuiun . if nut b wen- u*d. lliix Ii a «'rit>iin addition 
t.» the price of a nhip, and when to it there haa to be 
added ibe «i*t <if ailloinallc Kj«-i)ikU rK, it wilt lie obwuaitj 
tlwit Ihe 4iI|»i*iilT will ha\e lit isumitler w|>ethcr Ibe 
ad vantatft* a*sniHia: front inertflw »h fa*<»r aith tbe 
public, hji'I r*iri->*|'n "illy inon 1 eonvi*tently full |Ki*>f.'iurcr 
lisU, »i:li the iid'Mvoii uf a nylu< lion »»f insnraiiee mo*<. 
enii 'tini|»'iiwiP' biin btr the e.v|M*nitihm*. There ran 
be no qn^'iou that a t<lii(t »«> tnaled would Im. more 
imriium fn>m llie n«kn of lin* than an ordinary ve*iet 
dependiiiK only uj-.n llo- lire-pumps but tbe linal answer 
i*. *t b-ar. one eon**enied with the relat»ui of nufety, 
and iiiM'i' u< . on e.%rninir |«o»* r. to ibe e.».n hifohed. 
The malPT W on<. that Wall he divided finally by the 
pnhle. Iflh»'y irmk. Heh-nrthai I bey ar-- ready to pay 
for unTii-id -.eiirity, iIimi 0 is ei-rtain (<• U* attained, 
for maiiiifacf iirers « til » i*. with one another in diN'ovcntur 
m « itmli hub, and in deviling novel inethuiU nf treat tnar 



old one* to render them dura Me and artwtie. Shipownem 
haie shown such readinen to add to the nonifort and 
iipood of their v marls that there ia no dwibt they will 
tall i 



Theory < 

By Theodore W. Kicharda 

Smivi ATioN conccrnbvfi tbo ultimate nature of mat 
ler fur buck luto tlie early hlMtnry of mankind. 

A> n»*c.n as carverul of the uiK'leJit <iewk ptilliMtopbrr* 
I^netved that *iime ktud of iilcade hjln4l>t*l»i w*m thr 
«1niple^t nietbiMl of invnuiithij; for ttduiDK (hey nt- 
teiuplisl to tiiui^lue ilw nature of tbe ultuiuile |«r- 
tlHe*.. Tlk- UHMirv.it i-nuai.cD.-e ,4 the l'nlren«e rti K - 
genled that tbcHe iMirtleleM wiild WV« Iteruiiw- woni 
out, anil heoii' tlu* anejenlN naively eonevlved «if Ibeia 
as Im'Iuj; tiuletinltely hard. Newton Inherited UiIm Idea, 
niitl >4pokc inirfe than uiuv of "bard niasvy |«irth*l«*s." 
Not iiitu-h ever a buinlml year* ago lialton ItriKuilit 
forward eirtivluein« ipiuiitHiitlve evldenec In favor i>f 
tlie atomic theory , pulllns It thus u|to*i a tlrun l«»»l>. ; 
und the Ih-siry was Inter aduttted by pbyMeMx to e\- 
philit the predate of xiuser*. Throughout tlw^e oto-ckl 
c rat lot w the jiiwleiit tin4li*u nf luird, ltu-omprvi»}iU.le. but 
l^rfiHtly resillenr, iii>«n- [n-r^-hil partly U<c*ii»o thb( 
iissurai.llon ser»«sl a« a i-oiivehk-nt laiala for aaathc- 
uuitleul anj|]y-<ts. 

An-onltag to tlw tenet* genertilly Iteld dnrlme Ihe 
ltiHt fifty year*. M»0d» and liquid*, a* well a* ganeti, are 
Mipixwl tu l<e roiiHiitutod of ^mall hard atoma ior 
(xiinplexcti of Imrxl itUt«iiH trailed molecule* > with wide 
euqKy *|jace»i WlwtH'ti tlietu— tlie**v atouan lH^htf Miq>- 
|K»rd to be eueh for Itself in violent Irregular uiotloti 
to and fri\ doe to heat. There la. However, nothing In 
till** phlbwtitfihy to dlHthnnilah ivillda and UqukU from 
ganeK, altl»ough hi ns»lity the) niv very dln*eiv<it In- 
deed. Sueb a (ytn*s'plloii given a very reaMoualde pic- 
ture of tlie *Late id u gu*. but <toes not eiplalu the 
nxed hulk of liquid* nor tlw rigidity ami luipennrabll- 
lt> of hoUiI- To .i>vereome Uirae dUtteultW* It wm 
ttn^nry In dl-eiitodiig w.ll.l* and liquid* to add to the 
Uanl Imtigifniry Inei«iiivri*<ilble partlde n magle "«plierr 
of influence" siirroiindlim U. which would prevent I|h 
tMi.-hlikg other atoinh ; but luiw tbU 'Sfihen- nf InAu 
ein-e" wah eui*tlrut»i| no one na* quite pnq«trisl to Kay. 

AhoMt fi-irti*-!! year* ago J»i atudylng the la-huvlor 
or niM-s. I eanie lo (he eotM-biabm (hat evin with IM- 
dIOile f..nu of matter. Oh- imaginary ptirtletc* Oilthouirfi 
hut- widely »i.uriit*sj t were still *urroui»ded by 
*fphe«-H i.f IliriDencc," >x.incwluit but not very Ulll.lt 
larger llian Mhi-h' iiuntitiMit .-vt»t In I I«i»kl* Im ; and It 
scented that "bee u "Sphere of In |litr>li*>-" M)i|enrH 
alwuy> to ti<roni|siiiy tlie atonu. the lillle hard (vrtltie 
In the middle tuhitit lure no real phy«leul utiniiacuiiiT . 
Oil- liiMKlnary hnivl purtUle ai>i*'iir.sl to he a purely 
arbitrary a^Mtmi[ittnn, Tlie so-called "sph»-n v >.f Infln- 
eiM>c" In all It* rebitlonw net* a* If It were- rwOly the 
Important thing to he txm*ldcrfd ITeiwoe (lie qiietitloii 
wa* pnifHKad: Why sbmihl we not cull thl< *|diere 
of Inllueniv the at.tta itseCf. mimv It aJway* a<^mi 
|««Mie« Ibe atom, tiinl why »hoiihl we pretend (o km.w 
jinylhbig alamt how the material I* dlMrfbut.sl within 
It* HniltK? Tbe gain In IhU iM-int of i \vw \h Iwofold. 
In the llrst pit*'* 1 ' It eiHi.-efitniles the iiilert-d and atteii 
tloti iq-.n Ihe entity whleh netnally mm« Into eonald- 
».nith«i: on (U< other IliimI. It aiM^b-h.-s an arbitrary 
liyi-ilhesK 

If we o.iieStler (he "sphere of hifluettis-" at |«eiuic tbe 
practical bmindury of tlw atom, we iniiil .all tlu- atom 
con ip risible, for the "sphere of billueiice" I* e^nnpre< 
Hllih* ; In other words. I|.|iilds and solids are uetually 
. itfiipeew^l wh> n procure t* applte.1 !•• them. If IN' 

nl'icii U riKii|ire<*lble and elaHlte Ihroutil i It- mth- 

vtati.^. we rn,»y huii}£lii" vibnition within II ; thus Im-m< 



■ muni jurlOl, or IM reurutu kIlIiwiiIm .*f I'ntf UI- It 
■ r.|«"K rvTol-nllont»1iiir thisiry K*vr n |.rUI«^t .-r liilf. Itirt 
thf> f Ml tcr i.r ll.» < 



■ * r T t ■ ■■ !(■ | it* f r I 



ed by Google 



■ 

September l>. Iffl* 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2019 



utii> he i-vplanasl even In el..<Hy toicktsl atoms .,1 Hits 



One inn easily sec tlull tin rim hy|*sthe*ls In SHU 
iresrlrp. If the ai««iu*. are .-umpivsoilbte nud are iiackeil. 
Ckaa-ly totretlicr In solid* mid 11-lUlds. limy *r tiM 
Inns-, throiiith tbi' allcrntloti In hulk i>f sul***auot-s dur- 
ing cbL-nriciil '•iwiiL'i-. the a.tj.ai i>f the chemical nnd 
•sihealvo amciUU*s which liold the atoms together? May 
we not with the help nf thl. study Interpret anew the 
mysterious symmetry «.f cr.tsi.ti.? May we not corre- 
Into numerous. pti-i*>rili's In relniloa to him? another and 
by means of the fuinlnnieutal .-uuceistlcm show the 
mutual deiswidcois. of nil the properties of matter? 

l'crliaps the Iwsd method of Indicating how orjcn on 
bleu can he of wrvii -e I- to enumerate the invextiiratloh. 



la-ins. uml the results to which tbcy have led. 

In tlu- first |Ju.s- the hyiv-tbr-su stimulated tnc atusly 
•if ihc densities of -...IliU urn) liquids, anil thus led t<* 
llir Ms-nilni; of .k. idislly convincing eviitem-c Ihnt 
i fictni.-nl ii'lihify r-o.tiv •aci-i. pressure In It* nctk.n 

This ,sil.,-lllsiii.i In lai.od ull the f«ct that the Uetloh 
i.f powerful iillliilly will f..iiud tn bp coincident with 
Increase in di-te-ily. «.tlic-r Ihlnjn bring equal- liillma 
tliais of this effect arc tr. he fimnil In a note of Hum 
phry Isavy's. iiimI In some later writings; but nobody 

hs.il before taken a mtit <.r Its telnilisa to the 

].r.~o.H.llsr> ..f lb- siil-iun.-i-s (-otMx-nied. 

A similar relationship wns shown la hold In li-sser 
deiti-ec with regiird tn tin- -hIm^Iou whlrh hold* together 
nuiteinlc* of tbo same kind. Hence It npia-nred that 
ii-m-volatlle mih)itiiin>^ ^ »HI»-li in firmly beld totfiKb^r 
tiy iiitifiloli) H'miiIiI Lit oxiK>d«] p other UlUWH boliiK 
otan I. to ln%T<? Kr*wt dfiinilj. and emit wirfnec Irtndoti. 
Mori-ovor. sorh >nli*tnnrt~< (Ik-iiiiusc alroadjr miuli i-oin- 
|ir<»rHi by (ttr-.it fi.lin.ion) sbonl.l |mww only Might 
romiirewdbllity, TIm** oi»nHuiiluiia likcwl-e wet* v*tI- 
fi*Hl br tin? Htil'ly i»f fai-t. 

Thr tbouri*. *Jrnf* it Involriil tbn atudy of coinprcud- 
hllltjr, Ird to the dcnl»liiK of n nrw awl mnvcnlont 
im>ctioil for dt-toniilnlni; thU mitnowhat elu-lve prorierty. 
SVlth tlw> help of 11,1- i,h IM>1 tli* TOinpre«lbllltleH »f 
tlilrtv-flvi! olifiwntK Hon- dLlrrnitiinl III BoylNton Hull 

only on** in two bnrlnt; hem known licfore. It wn^ 
fimud thill In tbe cttKe of l|be Malld rlntnratA tbo con). 
tiri-MfilMllcy mIuiw« imtPhMo lliiotlkatlon Sku Mie atumlr 
ui-lglit lnermnoA, and tlt.-it In tn v it^ra1. wltti vletum!* 
an with cTinti"iiiulH, the bulky volatile tojlMtatifi* nrr 
ll«- unit .n^lly iimpn-H-Kilr. Tbbi wi 
tin- faet^ in.r Ibe oxntnnatiim had b™p nvallabl* Iwfon.. 
Tlir Htndy of 4>«iniprrMl|.ihL>- haw *4ncv Ikhmi takott up 
liy lir. ltrlriirtiian In the JefTerniin Physical Laboratory, 
and he hii* iu*i|e trptut pr>mreK» In tlu< titiidy of the 
•-fleet of blub prewiurt"!. 

Further, Ibe lbi"or?" ^uiu.'i'vted thnt If ntn<n« nro .Tnn- 



tl..ii 



: n-\rM tlie beat vllirn- 
•*U|^NjMe*l to »v|kt wllbln tlielr e]uvtic Interiors. 
Tills rcslrlrtloh would It-wen tlielr heat -fji|uiHl lex 
twhirli are mmsnrrd bj tbe uujuitltlrfl of beat newled 
to eanap ii itlveii eluiiiCT of tetn|ierntlir«) and at Ibe 
mime tliun mill », ,iii,- |«.,it ilhrutlon nlready present 
wbh-li Odiild in. I. .n«er U> n.r-vininiiMlatetl by the dlmlti- 
lnli<*| lM«t i-ii|Hi.-lly. TliUN tbe Ibvory predicted Ihnt 
n-rM-n during a ctvtn rtM.-tindi Ibe lieat rnpacltlo* of 
the «nlislnlMm <xiti'\-nieil were rltnaloUbed one nonlil 
e\|HN-t nlsn to MihI mi output of beat during tbb> reae- 
H..11 In raw. ..r tluit ii.rrw.noii.Htiu lo tbe rhemk-ul 

work, Thin eomn -witx. e\ti|aunllun of Uie puixlr. 

Iiivulitnl In iln- hh-ii of ' bmnd eiierKy" Immcdltitefy 
••llliiulaled linfMlciilUio of the ehanKC* of beat rnpnelly 
of «iiti«tiui«*-?( In rrlntlon to tlu- rorriwnondlntf cluiiiKts 
In tlx- bent ev.iUiil during rhemkal renctbiti, and ul»o 
|.r.ini|4o.l tlie 1.1 inly of f|ieelll<- henls lit very Ion- tfm- 
IH-rnlur.- AOer tl». main rel.tl..n* lLad been oiuillta- 
tivety dniion«lnit.il at Ilnrvnnl. Ihr nrniur kiih taken 
iifi liy \Yrn«t In llerlln. niol Later by otll»-n* ; and tbe 
.|iilllltiittro pridlelionv ..f tl„: theory bilve ln-en uliun- 
dni.tly M-riried, . . en If tin- tiiatlicnuiticnl uddttl.in ..r 

>• itte'e n-.-j.lit lme-lll.-nti.ru hnve out iilnay> liei-n 

an crr.-ii,.. to. mliclit i,l-)nil. Tlwi nuipllni-tf bl<n 

ba-i b.-ti .-nlleil Ibe "TUIrd Ijiw of Therm.«1 } m cm," 

and nltlKnuth by no mean* tluirouirhl) v«..rk.«l .11, 1, II 
elves pr<.iuL-«e nf fiui.liinjenlii I lin[HirtutM-e 

Anotlier -,njtff»->.rhe apl-lk-atiuli i-f the tbe*>ry eon- 
■ v-rii-. tin- l-l.-u of lb.- "iisyinirn-trl.-" or luisrninietrbNil 
.ari... 11 ill. 101 l.r.^HMi-.! |.y vim t Huff, whb-h l» tbe bll^ls 
• >r «-i inieh *-f ju.Nlcrn nrinink- ofir-nithtry Tlw; artanlly 
..I.M-rv.-.l |dM-rinai<iui nr.- .-iiK-tly what .lie wmlld e^- 

f. .1 If 11 .•„i„|.i.-.,il.|,- .^tIk I, mi were iiiu-.jimlty e,*,,. 

proved on (uiir dltTereiit *i<l<- by tlu- f„i lr dlfTemit 

.•irn.nu» 11 .l».i I In f..ur other dbwimtlar ntneaa. Thi- 

:.mI mIi.-i ii.(hh'|« ,A the tli<siry w. r. M-t forlli in detail 
in l.'ie Kura.lni l,«-tnre irellver«l In t.ondmi tw.. year. 
,1 to 

Tlie uio.f TiH-i-nlly publl4b.-.l il|a;illrnd«l of ll.t> In 
imlhcaU I* lt» ll.tefprelatloll ..f cry.ral f.,111, In : , 
p»lH. r wl.l.b lift* J.fl nppeiip-.! In tbe J,, nrnx i „/ it,-- 



.IliM'i-KJTa I fl'-iltl.rtf yw-tr.lit, yanoiLi uheiuuouua ex- 
Mblted by eij^taU-«l,b aa llwdl .leHnltfl allgU*. tbe 
similarity i.r r..nu» assumed by flnillnr nuhatanef*. 
and i>ili*r details i-taieemlng their highly symmetrical 
sliajNsi — are all a. -counted for ntxxirdlnir to tbe theory 
of cumpnvedt.le nliiois in a fushliMi wbk-b seam (at 
leant to the author 1 to he m.orc sullsfiu-lory than any 
other Uina far siu.i».Me<l. 

Incidentally It may be iMod that tbe theory la en- 
1 1 rely consbtei.t wilt, the still more recent Idea that 
Ibe "atoms" thcWMt-hw are cnnitHmed of yet smaller 
(vrpuaclcs. altboueb mi tlie <4her hand 1 call are no 
reason why Irallvlcllile particles sb.aiht not he mm- 
preswlhle. 

Tbe applli-ntiolis of tbe lbe».ry lo tbe I uter|>retji tlou 

resiiinh are hy no menus exhausted. No slenllleant 
ohjertlon to It hits thus far been euermntervd ; but even 
suppasJnir. that tlu- lib-a ahonld he fcupplaDleri in tl.e 
future by aonn-thlns yet more antls^nctory— and Ibis 
is alwnys a fs.-o.ii.upy in the i^ynss of srlentlbc 
lli'.ilcbt- ..tie n'.s.ild Is- lai-lllierl to suy Ihut the tbeory 
bnd already justified lta existence. The tayliur of 
Si rlirtnre: -Hy their frnlta ye shall know tbem." ■• je- 
pllcs to full force to tbeorlea aa well an to persona, and 
In tbe short M HII> Us exb^tenoe the theory has ra-eu 
fitiitful It bus • nispdred merit" in the only way open 

I y siM-h fay tail heals, unmcly. hy stimulating new 

.-xijerlmi-ntalion. and tlrna leadhu; tn the dUxivory of 
facts and laws pni-h*i>l,v unknown. 



The GinenmiogTmph in Researrh 

Is an .vlt.-ui. )> ioleresllnj; lis til re la-fore tht, I'rilnk 
ItH-b-ola-rpliilieisclM-r Sis-tiou o< the Vereln di-iit.sclier 
Inreuleilre (ZtuVarifl ifra Vrr. ifcnl. fu«„ lblt, Irlll, 
38S), Hr. Inc. Hum <;»rtx ontllne.1 the part Hnemntoe 
mphy had playeil tn s.-hiirllle and tochnlail researcb, 
ami siitKi slisI siane i.f tlie Iblogx that may be exia-cted 
..r It In the future After an liitnsliKtloa eivinit slnlls 
ties, de-a-rlblnc nfiiiiiratus, ami outlining the history of 
tlie Inrentino, tbe lei-turer takes up the poaltlon of nuiv- 
Inir pbture ishntnirrapliy among the mean* of roprodi*. - 
Injf pholionu'lia to ttn* ■ftistis. It differs 
nieolu III that It rorn-lilteH two of tlx- bask- 
tliat pliyskn ik-uls with, lime mud extension In xpan-. 

Tlie nimt obvkmis way In which the cinematograph 
may act as nil nkl lo s.-lenee U In reennllng rnr» plle- 
111 Ibe life of seldom *.-en <.r 
silritlnil o|«-r» 
ll.ais, etc. fields In whk-ll eiwislderable anlei-esa has 
la-en attalntsL Its usefulness only hegtna here, bow- 
ever. Just aa the seale of objeeta may I* varied villell 
they are n>|ire»ent«sl graphk^lly, »o the time -«rak- of 
».tl..n« may la? ehanitvl when Ihey are reiireseniisl by 
llw .lli-n,at..|traplL Hy an Iw-reaae In s|»^d, I'rof. 
Tfeffer of la-l|«U has l«-en able to repeoduoe III three 
niintites a 10 day intI-sI ihf irn-wth <af a horj»e-cbe"tntit 
twiu: pictures for this reprishietlon were taken at f> 
minute Intennls, A Lnrxe flekl for tbe study of tbe 
lerowth of lioth plants nwl nnlamls U tims opened tip. 
Just as shoe motliviis can he hastened an that It Is 
possible lo are tin- t.aal effeet In a truer perspective, so 
It Is posalble to retard and annlyle quick moreilM-llls. 
lllid tlie llnilta are "illy tlnxe ..f tire s|ireil with which 
the iHjolures oau la- taken. With lie- n«t refined me- 
chanical devl<TH It Is net ismslhk? to take more than £Wi 
pictures per second, Init by llliimtnattne the moving 
.inject wltb resnlnrly aiueeedlni; electric spurka ami 
on a nil 



proldrms denluig with time utid spne* In Held* as wide 



It wits f.wud jmlMe to 
the number of expo-ures to 2,000 per ar-mnd. Rult hna 
•liMlled tht- fllitht of Inserts In this manner, 

l-'rian an en-lneerln^ (ailnt of rlea- the cinetnatoimiph 
has tssn mr«-t im-rnl In <.tinlylinr pn.jeillkn and I heir 

• ir>s-t on armor pint.-, Much blither freuiinirle* hud to 
l.c us.sl 1 hm. Hull ..lit.-ttiMsl. mid tlie nppamtns employed 

diffeml fr.siii his in tn* ikIiik s hniiteal Inlernipler : 

hi series with the lllnmliiatlii-4 >-riiirk-i,'!i|i whs a larci- 
■: •Midc-iiser, aiul In parallel Willi It a snuill one: the hirvc 

• Mini. user U efaantisl t.v an ln.lu. H.Ki machine. 1111,1 
uln-ti it Is diHffaariie-l the small •s.ndeiis.-r Is alternately 
- hnriro.1 1111-I .lis. harirerl ncr.>v< the tup Tlw- perlisl ..f 
iIm- alt.-rtiallons cuu he Judged wltb fair a.-ciira.-i l.y 

tlLe t.tll*-. Slll.-c an e\|.4osteli nil. take pla-e ill the tivi- 
tll.iilssinllli |uirr -if a ms-oimI, the s|ss»l of llirs- t.. II ft >- 
thoii^-tiiil e^|se.•lrl•s |a-r sts.-ml. ..I.taliusl by Ihla tm-th.«>t, 
is snfrich-rl to ftirnUh Inlerestliir results. Sims' It Is 

• •hvioiLsly llii|..w,l-lc lo have the cuiii ra ncur the ol.).s-t 
pbotoiTiiplnst. a special arriintteiw-nt Is ll*.s1 

Th*- cllii-inat..i;rii|ih .1111 nlvo ts> us.sl for m.tkil.c >iiiiin 
Illative measurements of uifiveiio-iitK. The fall of a 
Isslv lui" Itts-ii >tu.Uisl l.y idi'.lisjrraphlns; .sn the smile 
nlm the fiilllhi; ..l.J.s t arid tlie hand of a chrom.prn|.h 
and in the -.nine -say the action of n Mciun hnmmct- has 



1 ht. -Italy -.f mollona m, slow that It bna blUierto been 
itnlaaotlhle to form comcptiiMi of their wnnlc mennlnir. 
or so fast that II lias been atmoat Impoaalble to form 
uny exuiretidon of them at nil. .toinsuW nf I ii<IaJilital 



Power of 

MtntlWc Iodide la fmilld to la- far more active a. a 
bactericide than mercuric chloride, mercuric cyanide or 
inereurk' benxonte. If. la at len^t leti (liueft twxre pow 
i-rfiil than mercuric cbloi'ldc, which ha eatieralty con- 
sidered lo la- isiip of Hie lli'sd llttlve of all anlbvpflra. — 
roinnfe^ rend. 



Wr. wish f.. call alleiili.iti to the fuel that we are In a 
p. slll-.li 1.1 render Competent »mlees In ever) brunch 
of patent or trademark work, tlni* stuff Is e»iui*Mcd 
of lle-cliilbb-al. cbslrlcal Hid eheiulcill ex|a-rts. Ihor 
"uebly trainnt to prepaie and pmsecute alt patent a|>- 
plication*, lrre>|Ks-tlTe of tbe i-omplev nature of tbe 
snlij«t matter Involved, or of tbe siaa-ln Llwl, lis-bnk^l, 
..r sdnnlinc kiK.nlislue nspilrcd therefor. 

We also have aasoeiatea throilithonl tbe world, who 
assist In the i^roaecutlnn of isilei.l and trade-mark np- 
lillealloiis files! In all ciuitrl.-a f.in-ien lo the linlted 
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It whs h i-niiiniollpla.-c of evolutionary theory thnt nt 
least Ihe domestic animal* have been develop! from u 
few wild tyi»»«. Their origin was supposed I.) present 
Hi) dlltlcully. The riirintl* nui-i nf fowl. f.>r Instance, 
.11 came from Halt,,, tW-f. <i. the 

we ere taught: Imt liy «« re. imstriirt the sh im In 
tl...|r evolution mid you rcnllae your h. .ikIi-*s liniorani'e. 
T.i 1m' sure there are lin*sl*, sin-h n* hlii<-k--red guiue 
mcl brown leghorn*, which have the color* of the 
fowl. Hi.. nrh Ilicy differ III -Hill*' ai«l oilier re- 
Aj vrc know- !..> little ax yol of Hit- genetic* of 
^1m|m*. lot us assume Ihilt thi**e transitions O.mlll be gl*t 

orer. Suppose, further, ns U prolsiblr, Ihiil the absence 
of ilir mutcrnnl Instinct In (he leghorn U duo to inea 
uf fjnt.tr which ihe jungle-fie* I |M*cae«*c»i. so fur 
w ore on fairly safe ground. Hill how nhoiit white 



siins- white varieties have often arisen In well authenti- 
cated cases. iStit the while of white leghorns 1* not n* 
white In nature often Is, due to llw hc<* of the color 

el.. Ik, lull I" lli- action of s.«i>1lilll£ which Inhibit* 

iln-ir expression. Whetus- did Ifnii something come? 
Tier same <juestli*i may lie nskisl re*|ic-tlng the heavy 
breeds, such /i- Unlays <ir liullmi game. Knelt of these. 
I* ii separate liilr.Hlii-1l.ni fr.uu the llust. To suppose 
tliul tin's.-, with tliolr |*siiJlur ronilin anil cli»-e frnllipr- 
liu, iseild hint* lioon .tcv.-lo|*id from piiwxUtlng Buro- 
l*<iri bris-ds is i.-ry illttl.-ult. t>u lire other hulicl. tliere 
Ik hi. o lid -I--. Iii now Iking nliy more like them. We 
miiy. course, isectulutc Ihiil there w-u* owe surb u 
. That Is nulte conceivable, though 
U pun-iy si«Mili!llvr. I might thus xn 
IhrmiKli llw lint of itomoMllrnloil aritnitil* aim! jdnntM of 
ani-ii'ijl orlsrln and niniin ond aifiiln we sii>mld lie drlieu 
to this siicu»t li.n. thai iiuiiiy of their dMIiuilve ebanie- 
lers iimsl have limi derlv^l from «iime wild ortirltml 
now l.el Iixlissl. lo this m.-allsfvlni; .ouHa»lnn nlmo-t 
every cnrefnl writer oa s«i-h irnhjii'ti* li« iwiw reilneisl. 
If we turn to modern evUlrnee the rtlw lonlw erell 
worse. TImi new lireeds of riomestte animnln made ill 
riHvnt lime* lire Ihe .wrefnlK m.-I.« -led proiliKls i^ re- 
miililliall.iii or |ir. ■ >-v i-l li.t hretsls. M«M of the nrir 
>iirii'lii s ..f culil>iii ( s| laiiiit-i are t! 
erule er<«.(nit- TIht.' N iri'iierally no .loul.t In the 
mutter. We hlive prelly full huitnrlea of tlte^p rriMaes 
In xfiidiolus, nn-JdiU, eliierarta, hexonln. enleeolarla, pel- 
nr^oidniii. ele, A v.-ry fevr <*srt*H>ly arl*« from a single 
oi-liln. The sn.sl |srfl Is tl>e >luilr««t eus*', uml lliere 
are olhet-K whl»h I should name wltll besitallon. The 
It. oue of I hem. but ire know that efforta to 
i Ljiliiineni were miide early In the cultural history 
of the plant, and they injiy eery well hay* heed *iieeetot- 
ful. Several ntants tor which single orixim are alleired, 
soi-li n» the Chinee iirlioisMsp, the dahlia, and totMiito, 
ntiiiii to oh In an nlmldy di>mt«tlaileil state, und Uielr 
orliclns n'aialli altogether mywIerliwiM. Kormerly alngle 
orieint. were itenerally preMun««l. hut at the iwwnt 
lime nniuliem of Ihe chief jirorfucta of dnoiemleatlon. 
diiffK. horae«i. ciittle, ahpep, |ionltry, wbenl. uots. rice, 
pi unu. cherries, have In tnrn bwit aeeepdil nt> "i»lyphy 
telle," or. in other words derived from aevernl dlstlurt 

that the dlatinctiMW hetwecn the chief carte no. can be 
trncod n« fur buck an the erl.leti.-e reaeliee, nlKl lliat 
these distinction* are «o creat, so far Iraimeeodlint 
iliiyfhtnk* lti.it we aitnally know vtirlatiofi cnfdible of 
•-ITeetltiir. that ft s*^.ms pl*«K«iiter l-i j>rr«tiioiie the dlfll. 
inll). relesatiiii; ihe .rttUiil differentlutlon 
misly niiliijully llllo which we aliall not be 
l. netrate. For It need scarcely be aitld that thU la mere 
imMTatitlciiitlou. If the origin of a form under donwetl- 
callon la hanl to Imajrlne, It beonnieji no cn*1er (o con- 
eelTe of micti enormoiia detlattona fr«u lyiie eominir to 
{Moot In tbe wild Mate. Examine any two Uiaraujrhly 
dhtUlct ^peeled which meet each other In their rilatrl- 



do. In arena of overlap nre many Intermeillat* 
Theae uard to be taken to he tranaltlotuil atefia, and 
(he unecinc dlntlnetneaa of miteriiaa and dUiraa waa 
on that aeeuimt questioned. Once It la known that 
three aunpuned Intenfrade-* are merely tnonerels netween 
tbn two Kperica tbe transition from one to the other la 
practically heyonit our power* of tniBflnatlou to eon* 



reive. If Ih/1|i tliesc rim survive, why lias their eoro- 
timn iioretit perlabeil? Why. when Ibey cross, do they 
lust iMoimtnltt It Instead of producing purtuilly atrrtle 
hyhrlils' I tnke Ilils vvainple to slum how entirely 
misinterpreted. 
When nice Hie iilcu of u true-hreiHlins— <ir. as we 
Hny, lettn.MCypoiLs Ij jm- Ik irras|ied. tbe [iroblem of varia- 
tion lasssnieM nn Insistent ofiiireKslon. \S'hut run make 
such a type vnryV We know, of courie. one way hy 
mhl.-h novelty .»n ls> lntr.sliie.sl— hy rroudji*. 
two nell-llKirke.1 varieties— for lilsranee, of 
priumlii — each IimhsIIhk trtie. and In Ihe se.-oiwl senera- 
tiiai hy mere rceomhltmtloti of Itie vurlons fn.1or>i 
w hlrh the two pnreiital ty[H'.« severally IntriMlmed, there 
will he a profusion of fornix, utterly unlike each other, 
distinct also from the original pn renin. Many of these 
.-a, i I.. I.csl true, aixl If foimd wild would certainly he 
described n-. Koo.) «i«sMe«. Conf roiiteil by the iliitlculty 
I have put before yon. and conteiupl&llni; «ueh uluazlnu 
Is.lymonihliim in the -eeond iceneration from a crues In 
.1 ^flrrnfnum. I^otsy luis lately with btchI conraire stu;. 
nested to n* that all vartatlon may tie due to Mich cross. 
In*, 1 do Dot disguise my ".empathy with this effort. 



ists It la refretihlni lo meet «i frank 
me»t of the harilnesM of the problem. IxitsyV utler- 
niin' will at Irnst ilo Mimctlilnj: to exiiose tile artincuil' 
I1> of systematic zoolutry aiul hetany. Whatever rolKtlt 
or inUlit not be revcuhd hy eniierliiientiil hiwsluic 1t 
In certain tlmt wIiIkiu! iok-Ji twta we are tneri'ly i(iie«8- 
1ns when we iirufess to dlstlrunjlsb h|hs-II1c limits and 
to declare that this is u s|<xies ursl that a variety. 
The only iletliMlltle unit In rlnssilteatlou Is the Iwiinoxy. 
Kiaih form n lil'-h tirorstfl true. When we presume |o any 
tlmt such si nl simi dUTcreniiva are triibil and *nch 

oihers valid we nre <niun ly cniliurkiiiu isii a <xiiir-e 

for which tin-re Is no i»!iy»i.)lojrl<-*l wiirranl. Who could 
hare foreseen that the apliic uml the israr so like each 
other tluit their notnnlcnl itifferetiis's nre evasive could 
imiI he criMseil toaxrlher, th<uij;h speeles of antirrhinum 
so totally unlike each oilier us m-i/iM ami «io//e can be 
hyhridiied. an Maor has shown, without n simi of liu- 
Jonlan was perfertly riarfit. The 
true hnsslliii: forms which be distinguished In sueli 
miillltiMles nre real entitles, tliouirh tlie great ays. 
letntittsis. dUjiensIng with such laborious analysts, have 
INjolcd them Into arliltrnry llune;in siieclos, for the con- 
venience of collector* ntxl for the sliiiidllVmtloii of otd- 
loi*ues. Such imurmutlcal isioslderuliuins may mean 
miKh Ul Ihe miwum. Imt wllh ths-in the student nf 
tl.e pliysloli*y of variation has ninliing to do_ Time 
''Utile sissies," Knely cut, true hreesllnit, and Innumer- 
able tnongrels K-lw^en (Ihuii, ore nluit h- llnds when 
he cxillltiiies an? HiM'alllsl vnrl:iMe li|»' tin annlysia 
(lie semlitnnce <if vnrUMItty disapiieaix. und the illllsiiwi 
Is shown to he due lo segregation and reeorabluation of 
•erU* of factors ..n iiredeternilneii linea. As soon as 
the "little species" ure separated out llwy ate found 
to 1*. fixed, In face of such n result- we niny well ask 
with Lohsy, la there *uvh it llilna as spontarieoUK varla- 
tlf*n anywbenO JTis answer Is dial there I* not. 

AlKiodonlns tlie u I tempt to sliow that positive fuctora 
mil l-e added to the original stock, we have further In 
iimfr-s Hint wi hi ii not orten actually prove variation 
hy loos of fa.-tor to !*• « reol phenomenon l.olsy doohta 
whether even tills |dienufllrllou isv.tirs. Tl*' sole source 
of rniiatum. Ill his view, is ensuing But here I think 
he Is on unsafe gToiuid. When a well established variety 
like -l-rlmaoti King" primula, l.rcd hy Messrs. Sutton 
In thousand* of Individuals, glvea off. as It dUI a few 
iear* slra*e, a salmon-colored variety. -Coral King," we 
might claim IhU as a genuine example of variation by 
loss. The new variety Is a simple recetudve. It differ* 
from "l.'rlnuum Ktnc" only lii one respect, the toss nf a 
single color-factor, and. of course, hrcd true from l(a 
origin. To account for the nppeaeanee of smch a new 
form by any iituwn of enso.lnn Is exceedingly illffloill. 
I'roia Ibe nature of tbe case there enn tiave Iteeu no 
eroMS since "Crimson King" was eatabllshed. and heucc 
tlie salmon muaf have been concealed as a recessive 
from the first origin of that variety, even when it waa 
rcpresetitisl by very few Individuals, probably onlv hy 
a .Ingle one. Surely, If any of 



•Aa addrtM dtllrared at Melbourne, 
at- a.. rn.». 




selling may not have beeu strictly curried not. Kx- 
iinipUs* like this sei'M to ine [iractically conclusive.' 
nicy cull be challenged, hut not, I think, sileeessfully. 
Thin again In regard to those variation* In nuinlarr 
and division of |ui rt« wbk-h we cull merlsiic. the refer 
etice of ibese to original c ross-breeding Is surely barred 
by the clreuiDstiiiKr* in which they often occur. Tticr*' 
remiiiu also tbe rure examples meiitlonrsl already In 
which it slugle wild origin mny wllh mia*h collfideitce 

Is iimeil. In sjille of rv moled (rials, no one has 

yet succeeded in ceding Ihe sweet |«-« wllh any other 
leginiilmais sl«s'U~ We knim- [but early in Its cultl- 
uiltsl liiistory it produeeil at least two marked varieties 
nhli-Jl I rati only eobeelvc of ns sjiontanevHIsly arising, 
though, no diKibt, tlie profnviou of forms we now have 
was mude by the erses»lng of tle.mr original varieties. 
I : 

It Introduces us to 
shlhtey form of variation, which may Ihi described a* u 
/iircfiiiaufFja of factors. Some of my inetlitellan col- 
leagues liave spoken of genetic factor* as |*-rmiineiit 
and imlestruillblp. Helatlve la'CiDuneuce In a sense 
thry have, for they rotnniotily come out uni-hnngvsl 
nut 1 ui *atl*dcil thnt they may 
is cnsloually undergo a quantiutlve disintegration, with 
the e> insvspieiKie thnt varieties nre producfsJ inteniledl- 
n te between tbe Integral varieties from which Ihey were 
derived. These disintegrated conditions I have spoken 
of ns siiiitrnetlon — or reduction stages, r'or example, 
the rh-"tee sin*.'! pea, with Its purple edge*. e»n «urely 
l»? uotbliig but u oaildillrm prodms*! by the raelor which 
ordinarily makes the fully purple «ww, nunutllutlvely 
duninishisl. Tlie pled animal, such as tlie Hutch, rate 
bit. nmsi similarly l*» regarded as the result of partial 
itofect of tlie ctirouiogeu from which the ptgiuent Is 
i-oliceividily of tbe factor which effect.* Its 
On sin h lines I think we may with great 
ntcrprct all tho»e Intergmdlng form* which 
brceil true mid are not pr-sltn-ed hy factorial Inlerfer- 
cdiv. 

It Is to lie Inferred tliat thene fractional degradation* 
nre the isuiseguetHV of trreguUrltics In segrrgatioiL 

istlc |ir.N-e>«*., and in the dlslrllratlou or ~,mnll< dlf- 
femitldtlou. We are familiar with half segment*, with 
Imperfect twinning, wllh leave* partially pctnloid, with 
petals pal'tlnlly *e]>alotd, All IIhw lire evldetic**s of de- 
|iflttutT*- from tbe normal regularity In the rhythms of 
re|**llllon. or in tbuee waves of differentiation by which 
the <|""Htles are aortisl out among the pari* of tlie 
l*sly. Xlmltiirly. when In segregali.ni the .,iuilltle* ure 
sortis] out mining the gcrm-ecll* in ivrtain crltli'al i*-lb 
divisions, we ciinnot evpet these differentiating divi- 
sions to Is* evco.pt frum the liniierfitctlona nnsl trrefo- 
lurltle-: whbli are found III all the gronser division* 
Hint wc eiin oletcr-re. If I aw rigid, we shall find cvi- 
dems' of (liese trreglllarltlea In the awociaOon of uu 
eonformnble niiiuia>r* wllh the apneaniue.- of the norel- 
ll»-s whli-h 1 tlsi » called fractional. In lasting let ns 
imKc how the history of the swi-et pen lielle* this*, 
lilens of a nutimious evolution with which we bad for- 
merly In isiiititid. Ttir hlg vnrl<<los .nine lirxl. The 
little <mes have arisen Inter, as I suggest by fraction- 
ation. Presented Willi n c.lleollisil of m<«leni swept 
|«-as how pietllly «.*|l.l Ihe denslee* of isilitlnnlty liave 
nrrangssl tliem in n griiduuied serh^i, slxiwlng how every 
llllergrude could be found, paaalng from the full color 
of tbe wild Sicilian species in oue direetb«i lo while, 
in Ihe olher lo the d«sp pilnde of "Uluek l'rinee." 
though happily we know these two to be umoog the 
earliest to have appeared. 

Having In view the* and other consideration* which 
lulgbt be deTelo|*d, 1 feel llo rfiismiahle doubt that 
tbimgh we may have to forgo a elalui lo variations by 
addltloa of factors, yet variation hotli by losa of factors 
and by fractionation of factor* Is a genuine idienomenon 
of wnlemisjriiry nalnrc. If then we liavn to dispense, 
a* seecus likely, with any addition from without we 
must begin seriously to coosldi-r wln-tber the coarse of 
evolution can nt all reasonably I* roprreeritcd as an 
unpacking of an original complex which cvuitiiliicl with- 
In Itself Hie uh.Je range of diversity which living 
thing* present. I do not suggest thnt we should *s*me 
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to u judgment Ait to what 1» or is not probable In the** 
respects. As 1 bar* mid already, thin Is do time for 
devising tbeortc* of evolution, and 1 propound none. 
But as we have got to rrjeotpilxe that there bin bwn 
that somehow or other tin- forms of life 
from fewer funiss. we may a* well see 
whether wo arc limited to tbp old view that evolution- 
ary iM-ngn-** Ik frurn tbo simple to the complex, aoit 
whether After all It U conceivable that the prvrrss was 
11m other «) about. When tbe fn.l* or genetic "He- 
ronry Ixs.olrtc familiarly knuwu to I 
t<i be the pmu-cuiattiun of u few, an Hit-> still an-, many 
lioil lone dlst-iidetucui iuu»t inevitably urine ou the ques- 
tion, ulid 1 olfer tbr.se remark* to prv*|sir-c the ground. 
I a*k yisa simply to o|>cit your nilud* to this possibility. 
It Involve* a tertaln effort. Wc have to reverse oar 
li.ibltn.il modes of thought. At first It mny seem rank 
absurdity I" Miptsss? ibat UK- primordial f„rin ..i 
of pruloplusul tvuld lime euotalihctl complexity 
to produce the divers type* of life. Hut is II easier to 
Iruagtri* that Uicsc imwers could have been conveyed 
hy pxtrinile additions? (If wbat nature could these 
addition*. I*? Aildltlnn* of matcrlul cannot surely ha 
in question. Wc are (old that mitt of Iron In the soil 
may turn a |>ink hydrangea bine. Tlx. Iron cannot lie 
passed on to the next generation. How ran tin.- Iron 
multiply ibdf? The power to assimilate Uie Iron la 
all Unit cud be transmitted. A dlsciiae-prudueliii: orguu 
like l ho pcbrlne of silkworms aid In a very few 



organism rnii mulOply nnd nan produce Its cfcarncter- 
blie effects in tbe next generation, Bui It doe* not 
become {turl of toe founded host, at*! we con not conceive 
It taking part Id Uie geonietrlcully ordered iiruccsiies 
of scgrcciitlno. These Illustrations may Motrin ton cross ; 
but what refinement will oirvt tbn rcqulrcmrnt* of thr 
problem, tlmt Hie thing Introduced mint he, as the I 
oricaulsui Itself i», oiipiihlo of ittultlplicnlloii ami of sub- 
ordinating Itself In a definite j-yKlem of fet-crt'tr-lliou? 
That wbk-h in confcrr<-d in variation niuat rutlwr lo-elf 
he n trbnnep, r>or. of matciiul, hut of iirranermont, or of 
ttn4iuik. Tlie Inrocatlon of ndiHtionit oxtrtmdc to tlw» 
oneanl^ni diw not »erloii-.l> li.lp n* M tmairlnr Iww 
the iwner in chance <-ai> Ix- t-mifi-rrol. and if It prove* 
tliat hiipc in tbut direction niunt be abandimed. I think 
wi low, very little. By the re arraui»luent of u very 
tnul^Jiltc luimlier of thlnpi wc v«nwi roach u numiicr of 
po«<ibUHIc» practhnlly Inllnlte. 

. iirtraordlal life may have been or xmiitl dlmcn- 
l not disturb as Quiintlty l« of Do iKruinit 



l«-lv.ccn tin- l«o pure pa rental type*, lu euc-b example 
ne nee clearly euoujrh Uiat the full parental charade! 
l«tl<;« can only appnar when they arc haraoxyitutui 



Hl*ck of protopln»m not *n lilir ua a small 
To Uijh iiothlnx wna aiUleil that Mould not c<|niil)y well 
have served to build up a hnhonn or a rat. I^t us con 
nUlcr how far vre oati |M hi the |>r>»<-e>« of ifinoinl of 
what wn call "cpl-tntie" factors, in other words thoxe 
Uiat control, oiiiek. or sapprem underlybie powers and 
I have Hpokcn of tbc vast rania* of colon* 
I hy iDotlcrn ^weet peav Tbero la no oncMtioci 
that Uieae have been derived from Uie one wild hl^olor 
form by a procww of KiKQMaive teaaovalfl. Wbeo tlie 
vat-t ran^c of form, aixe, and flavor to be fwlDd anioQa 

xupfinae that all thin varlrty l> hidden In the wild crab 
niiple. I cajuiot |<*ll|vely afwrt that Uita la ao. bat I 
think all familiar with isendellan annlysla woold agree 
with i» that it is probable, and Ibat the wild crab coo- 
tnliia presumably Inblliillnir element* wbkh the culti- 
vated kinda have l«st- Tbc leeend tbut the weedllnca nf 
cultivated appHeH become craha la often repeated. After 
many Itmulrlei. ainonit tbc ralwra of nnple wolllnga I 
have never found an uudienllc caae — opce only even an 
allpt^oil caxc, uwl thW on Inquiry provt-d to he un- 
fmiralf l. 1 Ikavc i-onoitcnoc that the artisllc flifla of 
hiiinklnd will prove to lie due not to aoxnctuluic added 
t«i tlie make-up of an ordinary man, but to the abaence 
of faclon. which In tbc 
vclopuvnt of tbese *ltui. Tliey are 
to be looked upon ua relmrcj of iH/wers oormolly sup- 
j^eaae<l. The Instrument la there, but It la 'atopned 
down." The wenta of Dowctm or fnilta, the finely re- 
located cJIvInIuus that live Ita quality to the wool of 
the merino, or lu an aualoiroaa cnae the multiplicity 
of <|ulll> to tbe tall of live fantnll fUgtmi, are Id all 
pr(*nblllty olhrr cxamplea or such releaoes. Tou may 
aak what gunlea ua In the discrimination of the poal- 
tlve fu'.tors and how we can satisfy ourselves that Uie 
appearance of a quality l» due to It mint be 

iswcwled that Ui these determinations we have as yet 
recourse only to the effecla of dominance Wlien the 
tall pea la crossed with Uie dwarf, sbice tbe olfsprlnie 
hi tall we any tliar the tall parent paaaed a factor lntn 
the erosa^ired which makes It tall. The pore tall parent 
had two duties of tbla factor ; tbe dwarf had none ; and 
since the cross-bred la tall ire eay that one doae of the 



iihiifllHetit to proiliKW eluier ellect fully. When U>U l» 
ho we call never tie sure which aide la poaltlve and 
which iictalive. rfince, then, wtico domiuaJ>ce Is Incii«n- 
plelc we liixl ourselves bi tbLs difficulty, we perceive 
that tbc amount of the effect Is our only criterion In 
dUtliisuWhlut; the poeltlve from the negative, and when 
the example of the tail ami dwarf 
peua the mailer b> not w certain as It seemed. Prof. 
Cuckerell lately found uutoiu; tuousaods of yellow auu- 
llowcra inc which was |knrtly red. By hreislliiK he 
rulacd front Uils a form wholly red. Kvldenlly the yel- 
low and the wholly red are tbe pure forms, and Ibe 
lairtially red is tbe lieternayeote. We may tben say 
tlmt tbe yellow la > 1 with two draws of . pmdrive 
fuctor which Inhibit* tbe development of pigment; thi- 
ns! Is irv. with no duee of tbe Inhibitor; aud tbe par- 
tially red are J'», with only one duee of 1L But we 
mlcbt lie tempted to think tbe red waa a positive char- 
acteristic-, ami Invort tbn expressions, rcprescntlnjt tbe 
ivd «s KK, the jKirtly rod as Hr, and the yellow as rr. 
According aa we adopt tbe on* or tbe other aystem of 
expreaalou we shall interpret tlie evolutionary chance 
as oue of toss or aH one of uddltlou. May we not in- 
terpret tbc other apparent new dominants in Uie same 
way? Tbn white dominant In the fowl or In the 
i-hlneae primula can Inhibit color. Hut may It not be 
that the original colored fowl or primula had two dose* 
of a tailor which Inhibited tills inhibitor? The pepper 
moth. AmaaHtaaya tstafarui. produced in Knadand 
nliimt 1WO a black variety, tben a nuvelty, now commou 
lu certain areas, whlrb hebnves as a full dominant. 
Tlie jaire blacks are no blacker than the eroas-bred- 



■ of one 



ta-<t tnat the normal la the 
of Inhibitor arc iircscut, and I 
of i hem the black appears. 

In spite of secmlne perversity, therefore, we have to 
u-biill Ibat there Is Do evolutionary clianee which In tbe 
present state of «ir knowledav we can positively declare 
t., be iHit doe to loss. When this baa been cimctsiod it 
U natural to ask whether tbe removal of InhlMtlliff 
factors mny not lie invoked 1n nllcviaUon of the n#c«a- 
«lt> which ho* driven stadeDls of the ilcuneaUc breeds 
to refer their diversities U> multiple origins, Sooae- 
tliitiic- no doubt, is to be hopcl for In Ibat du-ectlou. 
hut not until much better and more extensive knowledge 
of what varuitlon hy loss may effort in Uie living body 
run ni hare any real asmiraots- that tbls dlMculty has 
Us-ii isivtiiteil. We should lie trrcatly helped by some 
indinilli'ii as to whether tbe origin of life has been sln- 
ule <ir multiple. Modern upiulon is, perhaps, 
to tlie multiple Uieory. l-nt we bave uo real 
Indis-il. the problem still stands outside tbe rnngn of 
seletittllc Inreatlgntlon, and when we hear tbe apon- 
. taucoiis formation of formaldehyde tnenlKaied as a pos- 
sible first step In the origin of life, we thick of liarry 
Lauder in the character of a Glasgow schoolboy pulllnjc 

a 

Aa the evidence standi at present ail that can he 
safely added In amplification of tbe evolutionary creed 
muy be summed up Eli tbe statement that variation oc- 
curs aa a definite event often producing a sensibly dlit- 
cnfittnoooa result ; that the succession of varieties corocN 
to pas* by the elevation and eatahllshroent of s[nradlc 
grou|» of Indlvldnala owing to their orlactti to such 
Isolated eve-Dhs; and that the cbnnge which we ace as 
a nascent variation to often, perhaps always, one of loss. 
Mislcrn research lends not the smallest eiicoiiraierment 
or sanction to the view that gradual evolution occurs hy 
tbo transformation of masses of Individuals, though 



Isolated eventa to which variation 1* due are evidently 
chanmsj In tbe germinal tissue*, probably In the man- 
lier In which they divide. It Is likely Uiat Urn occur- 
rence of thcaa variations la wholly irregular, and aa to 
their canaarlcm we are absolutely without surmise or 
even plausible speculation. Distinct types once arisen, 
no doubt a profusion of the forms called species have 
been derived from them by simple crossing and subac 
quent recombination. New species may be now In 
course, of creation by thla means, birt the limits of the 
process are obviously narrow. On tbe other hand, we 

ary world which we can Imagine likely to culminate 
In the evolution of forma distinct In the larger sense. 
Hy Intercrossing dogs. Jackals, and wolves Dew forma 
of those types can bo made, aoma of which may be 
species, but I see no reason to think that from such 
material a fox could be bred la IndeJUUte tune, or 



Is- declared to bave u prerogative quality Justifying 
their rrs.'ognltlon as species La the old sense, and that 
Ibe differences of others are of such a subordinate de- 
cree that they may In contras* In 
further genetic research alone can show. I 
anticipate that such a dlacoiery will be made bat I 
cannot defend Uie opinion with punitive conviction. 

Somewhat reluctantly, and rather from a sense of 
duty. I bave dev-ted nusit of this address to the evolu- 
tionary aspects or genetic research. Wc cannot keep 
Uiesc thuigs out of our head*, though sometimes we 
wl»b we ciaild. Tlie oulcuuie. us yon will bave seen. Is 
ticicatlve, desuoytni; mush Uiat till uitely passed for 
Kosjtcl. IkstnuHlon mny Ik- useful, but It la a low klbd 
,,r work. We arc Just about where Boyle was Id tlw 
uewiiteeutb century. Wo run dlsiKsie of Alchemy, but 
we calintit make mi.xe than a ulLaai-ebemlstry. We are 
awaiting our I'rlestlej ami our Mendel eeff. In txuUr 
It la not Ibcee wider a«|*-.ls of geneUes that are at 
lirescnt our chief ceaieerii. Tbey will come In UMr 
ilmo. The great advaucc* of science are made like 
those of evolution, oi* by imiierecplllile muss-luiiiruve- 
went, tint by itle s|sirndle birth of penetrative genlua. 
Tlw jiatrtH-yitu-D follow after bun. widening and dear- 
big up, us we are doing along tbe truck that : 



(To Is.- cuntbHinf.) 
. Ozone in the Upper Aimoraphert; 

to J. X. Prlng. In the /'r-icei uintll of the 
Society, oxone can be distinguished from ullrogeJi 
In very dilute gas Mixture* with tbe uid uf un 
aqueous solutlou of potasaluui lodtik-, jirovldnd tbc tern 
peruture dues not fall below the freezing point of the 
reugeut — 240 deg. Cent. Hydrogeu neroxlde would give 
the same reaction ua uxoue. but can be dletingulsbed 
from It by tbst Utanlam sulphate teat. Tbe action of 
ultm-vlolot light an air Is studied in a bulb. Imme- 
diately surrounding the qnnrU lube of the mercury 
lamp, so that tbe rays pa*s through the quartz walla 
directly Into the air; the whole aisparntiis U Immersed 
lu water. Tbe arc la started with the aid of an ludnc- 

duals to a source 
of current at 100 or 300 volts; Uie seconder) of Uie coil 
is also connected with one of these terminals, and. fur- 
ther, with a wire wTappcd round the annular Jacket of 
Hie lamp; the coll L* worked until a glow discharge, 
followed by tlie arc, la seen In the lamp. In this appa- 
ratus no nitrogen oxides nor hydrogeu peroxides were 
produced; the oioue production decreased when the gas 
pressure was reduced, from 0.01 iier cent at 7U0 milli- 
meters to tt.OOU per cent at 30 inilliaieters. With the 
iitworblng vessels of Ilayhurst and the author, atraos- 
plierlc ansu.il rem* lit* were conducted lu the Alps at 
iillllixl** between 2,t)O0 and S,0Ui meters, free balloon 
ineasuivaieuts were made from Manchester. Id the 
Alps the mean quantity of oaoue found lu one volume 
of air was 2.5 X 10 ' at .'.ICO meters, and 4.7 X 10" at 
y.lV-fl inelers; the amount did not Increase much at 
higher alUtudea up to 20 kilometers ; the ozone contents 
ductuatrsl ; nitrogen oxide and hydrogen peroxide were 
icre. The amount of 



to tbe blue color of the sky. 

of High Vacua by Means of Finely 
Divided (kippev- 

i. tt. Max™* says in the Journal of Uie Chemical 
Sis-iety: Klnely divided conior which may he obtained 
by reducing a solution of a copper salt anil is sold com 
rnci-clally as "precipitated oopiK-r,'" absorbs gases wllh 
great readiness, the vapor isressure of tbe gases thus 
absorbed being ao small that under suitable conditions 
It muy be used for the production of high vacua. A 
bulb containing a few grammes of the copper 1s seal nil 
to the vessel to he exhausted, the vassal being then pai- 
ttally exhausted by means of an air pomp and tbe co|»- 
per heated to about 250 degrees. When the air pump is 
disconnected and tbe copper allowed to cool, the resbl 
ual gases are rapidly absorbed. This absoriidoii Is not 
due to cb em leal combinations, since the gases are lit, 
crated when the copper is heated. Tbe carbon bauds 
disappear first, then ullj-iajren. and Anally hydrogen, but 
helium does not appear to be absorbed appreciably. 
IMmlnntlon In tbe absorbing power of tbe cupper fol- 
low* (1) the use of an excessively high tempera lure. 
(2) repeated use, or (S) prolonged exposure to the mer- 
cury -vapor from a mercury lamp. Great cure Is neces- 
sary when tbe copper la being usisl for the flrsr lime, 
ss the occluded gases may sometime* be evolved with 
such violence that the copper Is blown through Into tbe 
pump; consequently not more than on,- third of the bulb 
ml a i 



of al 



i and the mimp ild be tightly 



uigm 



by Google 



SCIENTIFIC AMERICAN SUPPLEMENT Na 2020 ,n, 



A New Application of Roentgen Rays* 

An Infallible Means for Identifying Oil Paintings 



A lltttMi.t.s nt> Inniyi*. <<r radlouniidi. of an oil palat- 
ini; BmMMm * r-imrti -k.t.-li, raihrr than » t.h>rioirTapt. 
t»f the pMnrr. Tbf relative UltflilrN'w of iIm- -rotor* 
t> allercd, thr outline-* an* often dhplaeod. and iir1> 

sptA* II IK I I .. r . 1 - Uilir thr -ii rftvri. Tlw-r rhilllUV- 
n-|'ilr*- ii f.-iv Word* iif explanation. 

lii a rmll<«r»|iti of the human I*mI\, tin* dUHMM* 
of tirtxhlni*K« that ■llHilninil-h tin* heart from thr hui*>. 
hone l*r i . He*h. ele., an* tine Ii difTerviirt-w In 4t«ni»liy 
nf tlw varlimit tUsut-v In u nidlourapb of an oil palat- 
ini.' Miiutl.tr rfforl* are protttfea-d by difference* hi deiirdl y 
•f the piemen f», iind r-«peelall.v tiy atomic weight 
of tlwlr p-rliM-ipiil or liewTlrrt elenM-nt*. tlw h.diMM>or 
«f which may even revrrm* the e*Tret of sreatrr or h»** 
dilution wlili oIL 

A KfaV of i*fl pulum. arranged tn nc«iintanrr wlili 
their IniiiHimnfiij to Ltottttf*"*) ray*, can l»e maile by 
npfilyinir Ktamlartl pljanrnbi to ciitivaa In (niche* of 
»s|«ai thl<-knc*fc. Wltrit thr direct, .*r neitatire. radlo- 
ririiph of a run vii* tlui» |tfi1ntrd U .-omimred with It* 
(Hmlilve (tli>ili<ra|th. printed from n negative nuda by 
mi (■rlbut'tirttfiiK.rir pttire>*. a ii-enernl WwHiiMmice 1m 
irtxrrvtMl. hut the icradutlon hi tint, whh-b liu* t»eei. 
made rrtnUar in the radloicraph hy the urrauifrmriit of 
the pigment*. In *triklnjtly lrrcculnr lo the [ibutocruplj. 
Til* comparison I* mnde Ivrtwrrn tbr negative radio 
xraph iiimI th*? po*1tlv« pbotrtsrnjib hecniiae. In general, 
I buw pigment* that are bearttat, or that contain -ple- 
uirnt*- of hlcbc-d titomle weight. «rv lighten! Id color. 
In tlw* wciitlvc radiograph tlmt ouivdltute* thr Itunit- 
scn aralr. light tints are producrd hy white, yellow, 
ami ml pUnnrnt* (rxrrpt tbo vegetable color*. Indian 
yellow and madder i. medium tints by Mm- irrecin* and 
brown*, and dark tint* by all blue*, black*., atxt Is ken, 
It I* evident, therefore, that jnxtapoMHl pigment* 
iini.it rrvt'iil i hmi «»h t« B0QM rxtwit, Iti tbc null" 
sriijib of an till 'Hilntlnjc. In tin- cut at r*u|H a r|xter<] 
|iltoii«>ntA <>x|M>nmi*nt «iiiUnit« tin- tbct>n*fiml conrluaSon 
tfuit a d<-«ltni drawn In a hmry pUniimt will. In thr 
riHllii«rti|Ji, alMiw tlm.ush n nupcqx»<>d anlform tnypr 
of a h*><M dniM*> plttin« a Ht, «m 1hhi*m *how ilironicb H*r*h. 
whlU* n df«iicti hi plxmriit **t Um drnnlty will be aliauHt 
minpMcly maMked hy a «uiN*riH>*H | tl uniform cont of 
heavy pigment. The rrwulU arc Uw nnnie wImmi tin- 
uniform tuyur undcrlicti thr dofltnu for tbe tint of tlir 
radlneraph I* dnr to tbr Nummntloci of tbr o|nrltb>> 
(to IttMmti*vfi rayiil of all of thr NuprrpoHril tayrm. 

In tilt* aamnuitlon. bi^wrrrr, a brnvy |ibjm*flt OQt- 
nrlxhs evni a nirdlum plsmrnt of thrice Km tlilcknew. 
Knrtbrraiorr. diirk rulon are UHually Inhl oo thinly, 
whtlr tbr heavy white and yellow pJemcnta am appltrd 
irry thickly, no that they nrr still mnrr strongly con- 
traMtrd In the radiograph. 

In Hbort. ii n ordinary photoffrapb reprwiure^ only Uir 
-nrfjuf of a lailntlnc, wblle a radUnxraph reprrsenta 
tbr projrctluii of all of the nuperiH»cd plemrnU, which 
priwlarr effreH In UfttprSltaOB to tbrlr drniltlra. The 

" Ad*|i(rd Iniiii llr AVx»inkr V*htv * arthir In t tu-Anu 



craln of tlw traurax or wood ttboWH llkewlM*. hut no 
ii|>firi-elal»lf rltivt In prvMhh-r*! by a icromwl of |Mi|t#T **t 
••iinvnM. or by a root of v.trnl*h. 

I.e«t itx MW coik«lder the pnielU-al rOHdll Hint BU 
lw olihihinl from tlw rtaniltintlon of ull palntlnir« with 



It.wiitLiii riiy»». Thr flrnl plrtnre that I MMhaJ hi 
Ihb. nay wa* 11 -|.m-rrtlii." nttrlhutnl to an ltallim 
artlMt of tlw aeventeetitli rititnrj'- I did not aiwrrnl 
In Ihullnir the atPMtHtfB I Hmieht, hat I maiic M>>t«rnl 
InteffKtini; dltwoverle-s. which are UHmtratnl In Ibe 




Ilm11'>cr*pa l'lt«l««ra|'h 
Hunt of "l.ucretia." 

Thr r«4lncnipl> vtiowt an trn<ruUr Ik hi ar#a la ptaer «f thr dark feraajaa, thr trill **t tbr rbr«l«i< 
InillKlnrL aa4 the blade of tin- <l*«ti>'r 1» h*uaibrt^tl. 
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"Lucrvtia," attributed to m Ri'vcntrpnth crnlury 
Italian artist. (Photograph.) 




I ■ _:->■►■ I'tlnCorn 

llrad aad ahouWrra of "l.ucrKia." 

I 'ti1lo«ni|ih fthfiaa flakvU apot, «tf ptft.rr l»rur. rMttirntfculi, 



aittwiiuiiijliu: iitxitiwrnpriK nnO rti<ll<«ni|>ha. Tbi' flrah 
twirti «f till' lalluttlu: nir aafj llfi'llkr. r*l«i'l»llj- tu the 
neck, bwmiu, ami xlnuiMrrn. Tbi' fmniv ni llni-N a«»lu>t 
ll enlilra ftfwni curtain, which iiNlttnata hilt Mllulilly 
with tlic i lii'Miimt hair, i in 1 1. ir»ii i tutiiiv. and ilnrk 

,! <""• ' !|| -I... ..t. , I ;■ [_. .|,| |,r,,|i ai . 

hill. Ktaml. nut cini«.| .1i-ihxim| •. Inm thr .vrll.nrl.h while 
frill of the n|K>iM*d i-hewlne. 

In the pbptoajnjA ihia frill la »lur|<l.v Ocflnnl nnil 
clrarly ilU*: I narillxliml fitun Ihc Im.II.v. I. hi In tlir null... 
ttrnpli It a|i|mr< tatlcnil and It OTgJhjaja the iKaller. 
the irreiiter i«irt of whh h. Iwlml. |. retilaii^l !>>• a 
hri«il «lrl|> of MUtj thr hue ..f tlw frill. Tlll» lenda 
in* l<i that tin- l..«ll<>- n> ailih,l a» an «rter- 

tbeacht. |iertui|i> in •lliiilnt.il ine area of white, ami 
that the while dw l w «lmw« through It In the rnt!li>- 
erat*h, Car re«.ou* atrmiljr cx|ilntiu«l. The fliar|i white 
hninl lieluw tlie ilujnnr In the railUntniiili iiuiv Imlhutr 
an nlteratloii In th,* iMwttlnn of tlhe IVMpHk the Made 
of which U a little unffar tlun II I. In the iiliutuvraph. 

Tin- railliatraiih i>f the ritflit huiel »lmw« u hr<«id llirlif 
Kami, whhh rim* <il>ll<|iirl> fr>nn tlw iihht left ■■orner 
tu awl Ih')<h«I the falilc. nn<l <•! whh'h lint a trarr I. 
illM-eriilNe lii tin* idnit'ijeriitili i*r the |«liitln*{, Thl* 
tuny linlhnle a Mil of the gaunt «.iili.mnii*,iti>- nlt«rrd. 
hut It more prolNtl>l.v rf|irc***citt** the lirnt ruuttb .«keteh 
of the arm aad hud. The narrow licht luiwl. lairallel 
to tlur rilire of the tahle. Im minlljr rbdhlr In the painting. 

In the riolh«n<jiti Ibe third ami little llni,-rn< an? 
eln>e luiteflirr iiimI r *niiierTiuincriir.v finirer ti|'|iettnt 
lie(wii*ti the Intlci anil mliMIe Uniterm. Kmin tlie*w* unit 
other dlfrerem-tn I Infer lliat tlx* lunnl hiinc limp with 
the hnm-rs iM-arlr In .-..Mm ! In the Hr-t <kil- h. ami Unit 
thi- Ithiterw were ii-. I xeimnttiii. 

The B>aa| atimad feanhTJ of these riolli«ril|ih> In 

thi'lr rciehithxi of d r-fah a iif the tirxt ihM, whieli 
haie liei*n altereil In the nnUhiil picture. Thu* we 
ohtaln an llk«litht Into the inethoil* of an artlit who haa 
lieen dead for .■eiilnrle». Informiitlon of a different 
Hurt U ■'litillli.il h,i fuittioirltu; the mdloitrnpli mal thr 
phofoiiriil-h of mtt I.IHrHla'n head lllul nl M «]Ulrr. Thr 
phinrr wni ""re-ton-d" «nne tn-ent> .venr* nmi. ami thr 
«al»n|itrnl i htiuri— of lint nr niom li^l i«rt.« of the 
fare and -li.nil.lrr nrr vlalhlr In tlw lailtilhit; nii.l. to 
•omie enleiil. In the |.l».l.<ra|ih. Tlw ni.ll.nrr.i|Ji, luiw. 
r-rrr. rlrarljr »h<iw» the MAaj Hut l.-l to tlw rr4oni. 

thai, win n the imIMIW l« r\ In.. I i.y the tranomltml 

llchr of a :J ■-aiiille-iNm'cr metallic tllnincnl lamti. aajajf 
i .f the naked |-»rl« a|i|«-«r. law .II-MihIIv than In ||w 

nidh«rii|di. whlh- alkara are ajajMr lajrMldr*. onlhnirr 
Mailt rrrenl. M Iran' of lh*e I.. m era.h on Hie -li..nl.li-r. 
■ Mill evlih'lltl) «a> Hi l.-l with ii Ihlek lluou of Hs. 
M RMMMWI kaa lltltc while lead to ot.litrnite iln 
criok. in the mdloirrnph. Tlw wlille aaatca hIhoc tlw 
ear firohalilv In. Unite an IBfaiM of white lead n-i.' | n 
MMaMaar. At nil aaaaaa mdlnrriiiihr laaatin tn «np- 
|ily an excellent nwlhial of clelntlnx allenilha-ia In rdl 
lutlntlniCK tilllmllk'h In »«iiim' m*.-* It leave, room for 
ih-iltil nlo'lhcr the ehantn^ wen* nmde during the CJMh> 
Ntmcthai of the iilctiin-. or »iit*v.|in > ntljr. 

Allbiaigli I bmM dl-cmer no •-limatiiiT im the 
Lncrctln. prohahly hrmttai the [dctajni wn. mit nlinir.1. 
I fonml mora of a nliointare on n not her jMilinfuat — . 
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G Hell's ,, Rrli» ml*""— where I was md loohlus for one, 
hmume I In* urtbd's name was written plainly, 111 nmall 
ml letter*. In tbe lower riirbt hand corner. (These 
letter* are iNtrcly dl*i*ernl1de ttt either the pbotucraph 
<ir the radlojrraph. awl are qnite Invbdtde lo the. repro- 
tUlrtluiiH ben? *huwn. i 

At (be bolloui of Ibr radloitraph. 'Briber toward Ibe 
left. 1 dbeuvered traces of u much lurtfvr 0 hiiiI >\ 
•vtiU h did in r iiHN'iir lu tin* irtiolotintph or the iiniut- 
ti*ic IMwn i n ttw*e iwii letter* were murk* which I 
wiild l»uC make out, 

I Infer that the artist first »lmwd IiIm ph-ture »lih 
targe initial-*. altered Hum n llttlr. and then MMICd 
tlirni with tbe Ull inlaw brown ground ci4or. and wnrte 
a *msller •*tj*uiiture Lu tin- isinwr. Tltu* dhwuvery *Inm» 
tin- |HMudlttlIt.v «>f ilft ii th it; by radiography u ••licuature 
that ha* I iron painted «ver. The detection U raster in 
|Hhi met lull tn tin' density .if tin- pigment ilmiI fur tin* 
shnmtare mnl the link of dcti«lt> of lu* superposed 

lt«lt. 

Tin* "Hrlsiiud*." whh'h K painted thinly mi w>*sl. 



lUdlograpn. Ittotatiwiili- 
Hand of "Lueretia." 

"Attt Imtari lulit hand rnanlM fr<.tn tlir upo-r Wfl ha*d ruiwr of the r-.1i>>unn<li |»roli»ltlj tn<lir»t>>. 
nf |h* Nrm n»d hand, and the extra titter hetwr-va tlir MMMb forvnnjvr mrk« tin* oHirliiat | 



- find *t«t ■ l< 
dtla* of th* 




"Brigand*." bj (\ Svll. (Radiograph.) 

>*fI»U Utile nddltlniuii radl<<raphte UN4y. The sky. 
•■silm lh I hi- iminlhix. I- *tnnu) lit the rii«ll«i«rrtii>4i. The 
tmilii of the otik pinwl. clearly visible In Ibe nidharranh, 
iim iKinis for wueh of tin* dbTeriiti*'. Imt there are hidl- 
«wth«i* of ii Inrsc white iIuimI, MUlMetpjeully painted 

UVW, 

Tlw tWO white IwiiiU above i li»- bend or tin* r..l.lH-r 
thief tn In wen* |m*hieed by strli** of plaster employed 
lu *np|«irt tlw panel in milking IIm* ntdloitniph. Tlilx 
nhiwi tlw im-i*M«itr of ilaaiilwjj tiw buckw of aMmta 

I m- Tor*- th**y srr t*nilliit$i*aplwil. 

Tlw milioifrMplp< uhk'h nrv ln*rr o .ri.aiii-.-l anil UU- 
i-tiK-nl ilhiKtntli' thr |«*«-t|lhir VflllM of rn«lli»i;rii|iiiv an 
u liwjsiis of Ul«ii11f> lii*£ oil (wiiilhik'H, Thi* |»i>«vHMir 
t.r a milhitfrapb uf avail ii i*nrt of a Yaluiihw phiurf, 
Hhimiikj; llw layer* of plinuiMit tluit un* hMili'ii from 
llw ryv. ami llw fltanin* nuiili* ihirtiiL' IIm- iimiiHwlthMi 
of Hit* nork. I'HH willy iIMIii^llMi (In- tfi'iniliw i-l. turr 
from -t'urlr- mfllcM, for U |M |*fio*tti-jtll\ lin|w..wll»t*- 
even for an Imitator «kilw<l In rail loir niplty l«> make a 
ropy Hun will Hlauil tlw KorritjH'i) ni> lr»t. 

Tlwrt- U auiHlwr |awwllhli> lufcmnt* wlileb I |Kit for- 
niinl niereij *» H hy|io<he*l*. Tin- ruillncriipli uf ao 
iirlichiul pleture tiiuiilly rrvwiU clianm* made by tbo 
urtUi in llw tnurw uf hit work. The euutitvrfetter. 
liki- 'tClirr eupylxlM, rcpnuluii-t us inxniratriy a* iHXHiUit« 
tlw lliiiil rewiill. wblrh la all that li» area. Ha ulao 
tnnkt-M error* timl euriwtM th**m. hut hln rornxiloD* am 
different rnau Ihiw niaile hy the artlnt, and Hi>rUntK 



"BriKanda.** by C SelL (rbulovraph.) 



i-hunj*v« in iHHuiMiMitioij wouhl m-areely he made in tbe 
priN-eaa of nwurtxwrthiK a i-uuiilerfelt. Hifioe In decM- 
IiijT U-tweeit rival claim* to nutbentlelty. the ]trf*ferrai*e 
"lioiil'l |m* Klveii to Hut pleture wlwiMO radhtKraph r*> 
vinl* the arealext ami ttn»*t eliiirai-terlNtU' rhnnxew In 
(*»iup«HilUiu. It It i*wHlWe that aieb ills'UteM, nhl.li 
have rtitittnurd for ittilnrte*! tu retmrd tn iniiity i«tirt- 
lnt>., ean Iw det-lihil hy radh<raphy. Tlw iiiitbentU'lty 
or ini(li|Utty of an uins»fiU<d pletnre may nlwt* Ih> doehled, 
apiirt from tbe )hmmIIiU> •tef^-llou of a Mlxiuiturv, hy the 
radUiirraphli- revehithm of ••HariulerMIr ntetbialN of 
uorktuc and. In tnuii.v «*a*et. of elmnn teri-.tl<- pbemeut*. 

It appear*, tlwrefore. that tin* mdlocrnphh' method, 
nhlrh I have atit»IU*l with thon<ii«biw^K to only four 
palntluit*. I* well worthy of further *tudy nnd ilevt-lup- 
aaaatt In art a* In ■lMcto*h It fc* not an Infallible 
aud unlvcr*ally apidhnhle iimwiih id* diaiaiu*l*. nnd It 
NtirtUd he umiI in iimjunetliia with other approveU 

>|. 't: m! • 




JlnilliiKtuaa. ■■■■■■ i. 

A modern flower ptecr. 

19M tnlcaty laid «u |i|«wnta prodae* very alroaa t-obtntM* In tJMJ nidlt«rNpa. 



New Light on Ancient Rjzjpt 

Souk of tbe rnults of recent exploration In the Nile 
Vulley were deticrllied by (he Rev. prof. Sayee. at a 
morn ni* of xnhwtiben tu tbe Ek>i4 Kxploratlnn Kund 
at the najM of tbe Koyal Snrfety. 

At Alnd'Pi Trof. Nnvllto had dlaenrerrd tin- famouw 
temple uf iMrta, a* be believed, ami another colcwtul 
inoaument of ICjoptlau «ntli|Ulty had T»*en added (■» 
what were already known. It rrniiinh-1 -tudenu that 
(he history of K«*n>*l'*n nrrhltcitim*. a* It Wflfl known. 
wa« one of denidenn\ A|>«rt. however, from Abydo* 
aud the work uf Petrh», the ehlef dbv^iverlr* of tiw pa*t 
*eo*nu bad been made, not In K«)pt. hut In tlw Simian. 
At Kerma. a little wmlh of (he thin) eiitiiraet. Or. 
RrUnt*r wit* rbanfclna* all aeeepled idea* of earl) H*ni- 
daauat hlMory. He had shown that ha early ii« Ibe 
fifth ainl xlvth dyimstle* tlw northern Saiwlan wa* oiy*u* 
ided hy KicypllHii tnN^m, nnd that trade wan inrried 
t« from the BIw* Nik* to Ibe fled 8M, and thetire 
Ibrooffliriitt the OllML 

Prof, Hiimtanc. tiive*«lipittnir at M^r***. Iwlnw (he 
hI\Ui .-»tJirn--t, had found an Uaawriraillty at tin- Uiltotn 
of an underground U>r ttlim •••taMNhttient. on thr wall* 
were the a*t ruuuuirr * uIiiIIohm An African PutumHI 
had Iteeti hroitcht to Ihrht. Tlw nilnn <vivered a oii- 
Kiderabiy tarcnr areu than thoae of Memphi*. and la- 



riifleil a Itoyal eity inirTOiiiideil hy matniincent wall*. 
15 feet thh-k in place*, with two iialaee*, piihllc hntba. 
niul irynuuuda, a* well aa many street* and prlrate 
dwelllmrH. The main street* were liordered by tree*, 
for which pit* lilted with brlrfc hud been mink, and ou 
thr riverside walK ipmy*. and la ml Ins *tae«*«. The 
town niu tbe Binulut;han> ami tlw Liverpool of aiwlent 
Afririt. It wa* thr c*nt«T of tlw Iron Industry, the 
mwlthiff furnace* of which lud lai'li tihriirtbeil, and 
eimuk'h metal wax worked there to supply the wl»ole 4if 
\ortlwrn Afrhw. Ajnuna tlw hiom Iwautlful ohjavta 
fbttal wrrr enpM nnd Ituwl* of td*rutt ware a* hard and 
Hue mid thin a* tlw eiu;-*hell wan* of China, hut mit 
traiiMhueiit. The hUetilt wan* of I'hlna wa> md o|i|i i 
than 11KI All., while that of Mcne thiUsl fr..m the 
third or x:cotmI ntitury before <*hrl»t. It wa* known 
tluit llw ('hliwne made tradlua voyairr* a* far a* Ahy»- 
nlitla. ni>d that |Rdtrry wa* anioujr the artlcU-* of OOOr 
merer, an that It wa* allowable tn eniictu*le tlmt they 
roplrd tl» Merm- ware whldi had been carrlril hy Ibr 
trade mate*, to the Kod Sen ... i tbeiire to China. 

l..-.-il CMWfVtaa and Mr. II. Carter bad found tit 
TIi*4h»i the lout - Mi. . r Aman-hotep. |ji»t jear Mr 
Hori'bjirdt dlm overed nt Tid e|-Amarna Hie wnrk*bo|i of 
a Miilpior, froiu which bad coon- (he heada of (wo 
prtiRYMwti worthy of behur placed aids by aids with the 



finest *fH**LnwiH of t;roek work. Thl* year tbe etewva- 
tloti* bad yielded two cuneiform tablet*. One of Hum 
wa* |*art of a dictionary beartua a Ibn of word* in at 
leant two tamcuaice*. The other wa* tbt* Brat example 
of a iKilltlcH.1 treaty tn eaclatencc a treaty between the 
Kiopliaii* aud the Hlttlte*, at the hefftnnlntr of the 
Hlttltc empire. All the dtworetiea aliowiil that innieitt 
Rgypt by trade, war, and dlidoauaey had relations with 
l he eounlrlen 11 round her. Hie vtvlllznl world of the 
aurftent Ka^t wa* not *n very much unlike the rlvklljwd 
world of to-day. UV *(lmm1 miwh luitrer to rh* nn-n nf 
old Ks.vpt than to tbe half-clvlllzed Knrii*- of tlw MM 
d!e Ai-e**, and ue xhuilld llnd our**dve« far mure ill 
home with llwm than with Ibe CrtlHiider* who sacked 
Byxaullura. 

I*ir«l fjMttlMi who prc-dded. mill In) the IntertM 
(akiti by tbe British irfli.er* nf tlw Mb* Kxpedlthm In 
tlw remain* of the old temple* and fortlth-nttnuM. 1 in 
one oee*Mlon lie waa wreekeil on an lalniul In lb** river, 
and found >mM eomforfahlr ami ltoM]dtahh- *hel(er for 
a day ami a iihcht lu one of Huia He was tptartensl 
for (wo yettffs at AwHHMn, ami It wan his i^mm! luek to 
aajajj lomlm of 1 lie third, sixth, anil twelfth dyna«tt«~>. 

All tUC>|ittiloi:t*>l*> Weft- LTMleflll for tlw 1 1 r* (llel 

pmlection affonled (hem hy sir IC. Wlugate. the SlnUr. 
—The Oaiip folefraps. 
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Tractor Biplanes for the United States Army 

Conditions Governing a Contest to be Held at the Signal Corps Aviation School at San Diego, 

California, on or about October 15, 19U 



A* a rwult of tbe $250,000 appropriated for aviation 
in tli* army. *30,000 of which a immediately available, 
the following contort baa been announced. 

Tbe typo timircd. n*incjy, a military rwamuumin 
aeroplano, moat possess the following characteristics: 
Biplane, enclosed fiisclage, m seater, dual control, hav- 
ing a maximum spend of not 1ms than sevnnty and a 

when carrying fuel and oil for four hoar*' light at seventy 
miles pec hour and n useful load of s.V) pounds, and under 
those condition* of bind, bring capahle of climbing 4,000 
feet Ln ten minutes. All parts of thi> aeroplane shall he 
of Urat-etaiK material and s-urloruuisbip throughout. The 
head resistanoo is to lie kept down by avoiding un- 
r paru exposed u> the wind, and by uidng rtsxig- 
lilim fur tliose parU nrccsssorily exposed- 
The ikiwwt plant i* to be located in front of the occu|iant0 
and suited to tho requirements of the aeroplano. The 
□tutor must he capable of throttling to 20 per cent of 
full s|*ed and running aithout overheating over the 
land. Tlw motor mint Im supplied with a positive means 
of itop|*irur by a shi^-eirruiting devion, hy release uf 
.•omprcHsioii, or by othrtr suitaldo mean*. It in desirable 
that Hie radiators, if luud, should conform to stream line 
requirement* and act a* an effective shelter for tbc motor. 
Tbe motor should lie provided with positively driven 
pump fur lumping gawdine from the reservoir (o the 
vnm tank and will »Un he provided with attachment* 
for booking on a flexible tachometer, the abaft for this 
purpose to enuio off tlie motor at right angles to the 
Ixnrpcilef shaft, preferably downward. The propeller, ut 
isropellcn. should lie of efficient form and construction 
and suited fur the particular machine and posseeitug u 
minimum efficiency of 70 per cent, that is to say, to have 
a slip of not over 30 per cent. The. controls should be of 
such a type ae approved by tl>e Chief Signal Officer of 
the Army. During the trials, thu builder may use sueb 
controls as are familiar to in- demon»irntor. but the 



Signal Corps design shall be sulatiuitcd at the builder's 
expense prior to delivery and acceptance of any machine 
acquired as a result of this eompetitioD. Wear and fric- 
tion in the control leads must he taiiuinaled in every 
possible way, and the lead* shall be as direct as possible 
Leads to pitching and steering shall be ill duplicate. The 
landing gear should be a* strong and simple a» possible, 
to be efficient In absorbing shocks In landing a; 
at full speed over rough and plowed ground. The 
niuin gliding angle shall tinder no condition exceed 1 in t>. 
that is lossy, one fool of drop for each six feet of advance 
All parts shall be efficiently protected from the action of 
the weather by the use of suitable paint or furnished 
ailli rovers. The power plant shall be so arranged so 
to be readily removed and replaced bodily oithuut dis- 
turbing the alignment or the fattening* of the planes or 
landing gear. The machine complete sludl be capable 
of being assembled from IrouapurtaLiou eases in not to 
exceed two boms by four mechanicians, and uf being 
disassembled and packed in transportation eases in not 
mere than one hour and a half by the same number of 
inecbanielaju. No part ahull be uf such length that when 
packed the case shall exceed twenty feet in length. 

Tbc manufacturers who desire to enter this competition 
shall inform the Chief Signal Officer of the Army on or 
before September 1st, 1911, of this fact in writing, and 
shall supply the l*rrsidefit of the Heard uf Officers, who 
will conduct lite tests, the following data on or lieforo 
October 1st. lttls: 

(a) Weight, fully loaded when fidly equipped. 

■,&) Normal angle of incidence in boriiontal night. 

ld> Safe ranges of anglo of incidence. 

ie) Fuel, oil, and water consumption with eertiflcfttc 
of performance tsuhscqurntly described). 

ij) Blueprint or diagram to scale of aeroplane and 
motor eomplete. 

I jl Stress diagram of planes s,li>.v»iisa> tensile alel 1» lid. 
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ing stress on beams, struts aud braee wires, cbiarly io- 
diealiug the material used and the factor of safety in 
each member, together with moment diagrams. 
(A) Itemised weight uf parte. 

The certificate of perf ormanue shall consist in a certified 
test uf the motor as follows: 

1. One hour run at the rated brake bor*o-powrr oh the 
test stand. 

2. Half hour run ut the maximum power on the stuud. 
J. A run uf half an bour at 20 per cent of the rated 

revolutions pes* minute 
During the teat, tho following data tlia.ll 1*, retorted: 
Revolutions par minute at tho rated brake horsi-jiower. 
Revolutions per minute at maximum brake horse- 
power. 

Minimum revolutions per minute. 

Tho uQ per brake hoenv power and the fuel per brake 

A statement ef the condition of the motor at the cod 
of a half hour run. 

In addition W the aliove data, tbu following informa- 
tion shall be noted on the certified teat sheet to accom- 
pany each motor : 

Tlie makar'x nuitiber, horse-power, struke, diameter of 
shaft, piston displacement- tyire of magneto, type of 
taehomeUT u>ed in test, wesghl cumplete. starting ar- 
rangement, onrbureter (trade mime}, cooling system, 
lubricating system, type of spark plugs used, date and 
place of test, tbe type, pitch, number of blades and blade 
area of the profiler or prupeUers used, and if geared 
down, tho ratio of geariug. 

Tbe niacbluee entering Uic competition must bo de- 
livered on the ground of tbu Signal Corps Aviation School, 
at Sen Diceo, Cal , on or befure October 20th, 1914. at 
the manufacturer's expense. Each manufoctiurr shall 
supply a demonstrator. The Signal Corps will provide 
suitable housing for tbe machines, and the fuel and oil 
for tbe Uvda The competitive test will be conducted 
by a Board uf Officers to he appointed by the Chief Signal 
Officer or tV- Army under ihc detailed rules which an. 
gieen tu'luw. 

To enter tbe cuin|ictitio!i. cuch machine must qualify 
by ilemonstraliiig by actual trial that it complies with 
the above roquiretilenls by making a n.m-stnp aigbt of 
four hours in the air. and by making the eUmb, fully 
loaded, uf l,l>«) f.vt in ten minutes. The maclunes wUl 
l» grudeil by points. Uking lnlu «insidcratiiMi the 
fullowiiig: 

Construel Uin utid workmanship; speed, maximum and 
itiiiiimuiii: cliinbiug and raaneiiviTilur alulity; case of 
hnndlms; gliding angle; inherent stability; suitability of 
landing gear, distance of run on tbc ground wIkh starting 
and landing; Held of vision, etc. 

If Are or more macliincs rjualLfy, the Signal Corp* ssill 
purchase the tlin«^ which make, m order, tho greatest 
number of points, the first fur $12,1*0. tho second for 
tlO.tmo. ami the third for $KI»*>. If but llirw or tour 
qualify. Urn first two will be purcliafad at 912.00U and 
HO.OliO, rvspeeiivoly. If but two qualify, the one making 
the, highest number isf jwiinu will Ut purcluvted at STJiShi, 

All inquiries concerning this competition >hmild lw.< 
addrnseed to the Chiif Signal tifflcvf of the Army. 
Washington, D. C 

Iron Shielded from Earth'ti Magnclism 

In IhO />f«TTT(iliu« ut the lle)al Society all account 
t»i Kivcu uf cvlvrimeutM made in ]\ Wilsim ou u ring 
H|«.vluieti of nlulloy built up fnnn stuDipiincs jmd <n lung 
itctic shield formed fn-iu stntii|*iiii;> ut ii:tii).ri>rflicr Iroiu 
Tbe sisvlmon was smnioned s, numtrlcnlly aitliin the 
shield, sin! the ei.mni.m avis pln.-c-l ut right ungli^ to 
the tusgtivlle pncrlilluii Mcnsuivuiehts tilkeu balllstl 
cully vs lilt the ring shlelilnl mid iiunbtcUled sbnw that 
Ihc carlli'9 muuuctl^in niny wrii-'Usly nffcet Ihc mug- 
rictixuhlllty of irun. 

t'otuiiiiritig the n^ult.s oMulncd ehen *.r ; ilk,y wim mug 
tinned nnd then dcnuiimcilred, »itl, tbe result-, of 
»luillnr cx|*rlnient» en the »iiinc inalerisl demuguel !hk1 
but cx|»e*-:l to the en rth's inaguelL-un. tbe ratto »t the 
|«-t iiii.^iLiilili*'^ bud u maximum i'f 1-711 wheo It was 172. 
;inil Uic rnllii of Ihc innvliuuiii |:«-rmeiibl[||lee UTls 

u for Hie sLIcldrd .HpiM'ltoeil wa* O.90U. 
i ef cle-tvy l.y In .i, i,-1h usk less when 
tbe Mil Hoy wiih ilemunneriKeil In Hie shield I hi 
.Ienwin,c»l2cd soil linn evp, w i| to the earth's, 
n. II. in Tlie stelinirct* index, .titer rising te « rnnil 
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The Pinnacle of the Canadian Alps 

The Opening of a New American Scientific Storehouse 
By Carl Hawes But man, Smithsonian Institution 



Founwiau Uii> much reiterated slogan of American 
railroad and steamboat lines, "Kits America Ant," It 
seems pertlneti( to «xtol the characteristics uf a part 
of this continent only recently explored, tut IB (be 
near future to be opened fur Uie luspectlon uf Its 
Mceuic wooden*, comprising mountain ranges, isuks, 
glaciers, riven, takes, and waterfalls of exceptionally 
wild grandeur and romantic beauty. There are fea 
turea which are calculated to surprise and Interest 
even the most Mart tnurUt, scientist, or artist. The 
region referred to la that portion of the Rocky Mown- 
Ulna lying, unfortunately, Jam outside our border. In 
the territories of Brillah Columbia uud Alberta, 
Cunadu, and known aa I be Robsou 1'eak District. 

The majestic mountain from which thin district 
takes Ita immn, originally called Rohson I'enk by 
Milton and Cheadle In 1805, but later designated 
Mount Rotueui, hae now been renamed licilwon Peak 
by Dr. Cta r lea D. Walcott, secretary • f Ihe Smith- 
sonian Ioatltutloti. It stands In the very heart of a 
severely cold iiikI runted country' unbroken by trail or 
blaze, amid the moat vivid and diversities! natural 
scenery, surrounded by a number of massive, though 
loss lofty, mountain ranges and peaks, and thrusts Ita 
rocky spire upward through glaciers. Icefields, ami 
even the clouds, to a height of 13,08". feet above the 
sea. Although It la only about eighth lit height in 
America, it Is tbe highest point on tile Continental 
Divide in Cunadn, and has been aptly termed "The 
Monarch of the Canndlan Rockies" by Dr. Walcott In 
both hla descriptive and technical reports upon bis 
investigations In this locality. 

This gigantic peak Is located thirty-two miles west- 
uorthwest of Yellowhead Pass on the Continental Di- 
vide, and Just six miles north of Pruacr River and 
tbe Mount Rohson station on tbe Grand Trunk Pacific 
Railway. It locates tbe center of n section of Cana- 
dian territory twenty tulles In diameter, which Is soon 
to be opened to explorers and travelers One gate 
way to this veritable wonder-land is already o|>cn 
from Edmonton. Alberta, eta the Grand Trunk In 
Mount Kobeon station, which affords tbe sightseer a 
view of the 1'eak Itself, only six miles distant Al- 
ready Robsou. wltb Its approaches, bus been roughly 
explored and mapped by tbe Alpine Club of Canada, 
which plans to establish its next summer camp at the 
foot of Robaon on the snores of Berg Lake, In tbe 
clear ami cool atmosphere attending a rxSOO foot ele 
ration. Noon, undoubtedly, it will be do uncommon 
sight to see many tourist parties tramping over tbe 
great Ice fields and scaling tbe stony mountain aides, 
for It Is thus, practically In a night that the Ameri- 
can recreation and outdoor Hiring populace seise upon 
opportune momenta to be early on the scene of a 
newly opened playground. 

Hnbaon Peak was virtually unknown, except to a 
few venturesome hunters and trappers, until about 
1900, when Dr. A. P. Coiemun wrote a gruphlc descrip- 
tion of Its grundeurs and related bis attempts to scale 
Its scarcely pregnable ramparts, although as early aa 
1HUJV Milton and Chcadl*. two KnglUli explorers, 
nude mention of It In tbelr article, "The Northwest 
Passage by Lund," and later McF.voy and Kinney told 
of lids grout Canadian is'iik and tbe country surround- 
ing It. 

Others have since visited the regtuo and have also 
attempted a description of thla Ice and snow clothed 
mountain and Its remarkable and wonderful Alp-ltko 
environs, but like most of those who have essayed (o 
chronicle tbe virtues of the Grand Canyon uf Arizona, 
they buve failed: It Is well nigh Impossible to do such 
scenery Justice. 

One of the most Inspiring and spectacular scenes la 
the world may be witnessed from tbe slopes of tbe 
peaks and mountains surrounding Robsou, particu- 
larly front u great ridge south of Mumm Teuk at an 
elevation of about 1.800 feet above Rohson Puss, 
where an extenalre view of what la termed tbe Rob* 
son massif may be gained. Directly opposite pro- 
trudes a great monument of solid barren rock called 
lyntungn (black rock), and Just back of this Robaon 
towers, a veritable pinnacle of the world. Ita rocky 
cliffs 7.1X10 feet from tbe shores of Berg Lake rising 
to the summit where gather dally the mists awl rain 
clouds from tbe Pacific to be condensed Into snow and 
lea, thus adding constantly to the deep snow banks 
and wide lee-Melds which form a perpetual crown for 
this regal peak, and make possible the several giant 
glaciers. Down Lis exuded aides sweep Hires of these 



rivers or solid Ice. Tbe largest and longest of tbctn, 
Hunga, formerly Robaon Glacier, but renamed from 
tbe Aaalnlbolne Indian word for chief, Is formed In 
the neM between Rohson Peak and Mount Respleu- 
dcut 1-rora there it swerves to the northwest, en- 
circling tbe base of the Peak with lis chill arm. and 
glides sedately between lyatunga and Titkutia (bird 
peak), not unlike a polar giant's stairway descending 
In a slow, graceful spiral through these two moun- 
tainous newell posts, a distance of over three miles, 
to where It breaks up In tbe pass below. Of the two 
other glaciers to the southeast, both of which slide 
more directly Into lliv Uke, the nearer ooe. Blue, Is 
the more attractive feature, ou account of lis nearly 
bead long droit of over a mile from Hie Icy crest of 
the Peak lo the lake shore, where its great Ice sheet, 
now fully two miles In width. Is dismembered Into 
small bergs which lloiit away. Blue Glacier, literally 
a sparkling, frigid river of Mulsh Ice, hangs, appar- 
ently suspended by some strange force, ready lo fall 
c» mssre. at any moment from Its precipitous bed. 
The other, ("liupo i Mist 1 Glacier, scarcely visible In 
its envelope of clouds uud nilst, though not so remark- 




Pig. 1. — A slew af Kobeon Peak, the pinnacle of 
the Canadian Alpa. Spring in tbs valley aad 
winter en the mountain. Photo by Mr. R. C. YV. 
Lett. Grand Trunk Peeifle Railway. 



able for its beauty and sire, proves of great geologic 
value; It bears on Its surface and tn Ita Icy grasp 
many fooslllfrrous rocks dragged from tbe top of the 
mountain to the moraine below, which frequently con- 
tain Interesting fossil speciniena in the form of mu 

rltu' sin ]:-. t fraga ti <( crab-like anlmala of th< 

so-called Ordovlcian time. Beyond the glaciers, far lo 
tbe southeast. Is the Minloban mountain range, which 
lends perspective to tile sec on by forming a distant 
burlxou, while on tbe uorthwest, Tltkane, once known 
aa Ptnrmlgnn l*onk, frames tbe picture wltb Its high, 
rocky slopes- 
Just three and one half miles north-northeast of 
Robaon tbe Continental Divide runs from Yellowhead 
Pass Irregularly to the northwest, passing between 
Lake Adolphus and Berg I-nkc. On a rocky projec- 
tion near Tltkaiui Peak, the water from the Hunga 
Glacier divides; one stream tarns to tbe uorthwest 
to Lake Adolphus, Into Ihe Smoky River drainage of 
Alberta, tbcnce through tbe Peace and Slate Rivers 
to Great Slave Lake, uud north ria the McKruxle 
River into tbe Arctic Ocean; the larger stream flows 
southwest into Berg lake, from there over Kmperor 
Falls Into Grand fork and Hrnser Rivers, tod eventu- 
ally to the Purine Ocean. 11 Is possible to stand ou a 
certain block of Ice on tbe Hunga Glacier and watch 
the water running over Ita surface divide, ou thla very 
block, and now, one branch to the Pacific and the other 
to tbe Arctic Ocean. One experiences an odd sensation, 
(bus to stand, as It were, on tbe ridge pole of the con- 
tloent, whore tbe future coarse of a floating chip or 
other object may be determined by a alight movement 



of tbe observer's foot or band, causing 11 to lube elthrr 
the right or left band branch. 

To this Canadian alpine district, Dr. Walcott makes 
summer trips for the continuance of his Investigations 
and studies In the comparison of the section of Cam- 
brian rucks there, with that or tbe line of the railway, 
one hundred and nfly miles to the aoasjb. 

outfitting ot Pllibugb, n small lown ou tbe Grand 
Trunk Pitdflc, last summer's party crossed the Conn 
uental Divide over the Yeilowbead Pass and turned 
north from the railway at Moose River, seventeen mile* 
west of tbe pass, From this polut they followed the 
course of the Miasio River to its source In the pass of 
that name, making several stops rn mule, and en 
camped at the bead of Calumet Creek, a tributary of 
the Smoky ltlver. The cump farthest out, the final one. 
was ut Robsou Pass between Berg Luke and Lake Adol- 
phus. from which several side trips were made. 

Besides currying out the main object uf the expedi- 
tion, that of securing sassinMina of the various fossils 
from the localities visited, and making a general rrcon- 
iwlssaDce-setilon of the great bUick of Cumbrian and 
Ordovlcian strata fnani which the mountains of this 
regleu have been formed by apllft sod erosion, Dr. 
Wulcott found oiKKirluull) for making many floe photo- 
graphs, especially panoramic views showing tbe geo- 
Inglcul formations, while Mr. Lett photographed a num- 
ber of unusually striking and picturesque scenes lo this 
nelghborlKsst. Through the courtesies of these gentle- 
men, several photographs are herewith reproduced. 

Tbe summer's observations and measurement* ex- 
tended tile geological section frirtu Mis*-e Pa-* south, 
west over Tab Peak. Mount Mabto, Titkana Peak, and 
across, by way of ltrilllps Mountain ami tbe ridges of 
Che Lynx Mountains. Including Billings Butte, to Rote 
sou Peak. By air line, the actual distance was only 
nine and one half miles, but the course followed was 
necessarily a very Irregular one, since It was only pos- 
sible to examine Ihe exiwaed sections free from snow 
fields and glaciers, and cuustsiuently covered a great 
dlstauce. It was found that the depth of tbe strati 
graphic section examined was appmxlmutrly 12.00U 
feet or t'auibrian rocks and 3j«.a> J.s-t of Ordorlcinn: 
Ibe transition between the two systems being In nil 
Hugs Butte, which projects upward near Hunga Glacier. 

Many line specimens of a new sub-fa una of Ibe Lower 
Cambrian series of rucks were located by Dr. Walcoll 
at tbe northern base of Mumm Peak above Mural 
Glacier, which wilt add materially lo the Nntional 
Museum collections, already well advanced by his 
extensive contribution* 

Undoubtedly live work of Dr. Walcott In this vicinity, 
and generally in the Canadian Rockies, has done more 
toward the advancement of human knowledge In inver- 
tebrate paleontology, esiteclally as regards the Cam- 
brian life, than that of any other student of similar re- 
searches- His prime object seems to tie tbe true one of 
advancing tbs knowlege of geology and paleontology of 
this district, generally and not solely through his own 
researches. In tula reaped many of his photographs 
are taken with n view of enabling future explorers and 
scientists to recognise tbe localities uud the general 
posltlious of the formations he has discovered. Further 
than this, he ha* revised, to a certain extent with tbe 
approval of the Canadian Board of Geographic Names, 
the nomenclature of ninny points of general and par 
tlcular Interest, making their locations and designs 
tiona clearer by labeling bis wonderfully detailed pore, 
ramie views, thereby happily tying art and science. In 
a recent Smithsonian publication be states wltb mod- 
esty, that although lie wus not the original explorer of 
this district. It fell to hi* lot to be the first to make a 
study of Ihe geologic section, and this necessitated tbe 
application of additional names lo locating, describing, 
and designating the geologic formations 

Two members uf tbe party devoted tbelr time to 
zoological collecting, and secured a number of mammal 
skins and aknll* for the National Museum, thereby In 
creasing the earlier collections obtained In this region 
by tbe Smithsonian Biological Survey party which no 
cotupenled Ibe Alpine Club on tba topographical survey 
In the summer of ion. 

With Ibe completion of tbe railroads and (he con- 
tinuation of scleutlllc researches, with the resulting 
literature of both, there Is Utile doubt that the Robaon 
Peak District will be well advertised, or (bat this high, 
cool, clear aired portion of tbe country will remain long 
unknown and nnvlgltsd by the tourist, the vacationist, 
and eventually tbe borne seeker. 
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Vis. IS. — Rot»on. from a point on the south >lo|M- of Mumm Prnk; Robsen Peak lo the right of the router; Hunfa Glarler lowing into Robson Pass from between 
1 it kana and lytunga Mountains: Blue and Oiupo Glaciers on Ike right, gliding directly Into Berg Lake. Photo by l>r. Charles I). Walnut. 




Klff. 2. — A misty day at Camp A, on Hihuna River above Its Junction with the Fijr. 5. — On the slope of Mahlo Mountain; Kob-Mtn nnd Mumm Peaks in the 

Moose. Photo by Mr. R. C W. Lett. Grand Trunk Paciic Railway. diatanre. Photo by Mr. R. C W. I -ell Grand Trunk Pariie Railway. 




k '» Looking down into t ilumet Creek; Tab Peak in Ihr renter above Moose Pass; lo Ihe right Lynx Mountain; Robson Peak, above Bene Lake: and Mumm 

Peak showing Mural Glarirr. Photo by Dr. Charles D. Walcotl. 
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He. 14.— Looking south menu lh« inn of Calunrt Creek; T»h (Meoae) Ttrnk la In live renter, with Mooae Paaa hckm al the left. ati<l Mahto (Grizzly II. an 

Mount. in la aeen or, the right. Photo bj Dr. Charlea II. Waleott. 




Fie. 12.— Dr. Waleott and pari* cr.ja.inr Calumet Creek. Phato h> Fll. 17.— Phllllpa Mountain with Cuahina Glacier eilcndinr a mile doom it. 

Mr. It. C W. Lett. Grand Trunk Pacific Rail- ay. weal .lope. Photo by Dr. Charlea D. Waleott. 
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American Opportunity in a World Catastrophe 




Aft wisely '. The D8- 
U win. 



Act, although unprepared ! 
tional opportunity of * 
of the United Stales b« 
sgeoili tli 1* German} !f 
should bo for peace, 1 
tloa of rtnilntlob. 

Great opportunities cucue as rarely lu ihe life of ua- 
llous aa Lu tlic life of nu Individual. If tin- moment Is 

Japan In the seventeenth century. Her Junks were 
navigating rvcrywbcre, in eastern Asiatic waters; they 
bad crossed to ihe North American coax!, nod berg It 
wiw for the taking. Spain, Knasla onnw a hundred 
yean. JuttT, England the Enlted States our hundred and 
ttfly years later. In»t«ti<l of aelieJng the new world to 
the cast open tu bor, even us France, England, S|ialii, 
uud Portugal net led Ule new world to tile «wt open to 
them, Japan destroyed her mercantile murine uud de- 
liberately turond tier back on ton sea. 
France similarly did worse than mind world oppor- 

all Hie Canadian Hinterland was ben. 
l.oulMlauu and all II* northweatcrn extension was hers. 
Sue let It go! 

H|ia1n at one Huh 1 possessed Uie now world by right of 
discovery from Florida to Patagonia olid she lout It all. 

England by a little cotumon senac might bave guided 
for a while tbeu have been federated with what la now 
the l ulled .Stale*. 

Kuch of those countries, ut thn erltical moment fal- 
tered and failed. Khali we of top United Ntatea, when 
• •itr groat opportunity cornea, fatter and fall, or abnll 
we set a mark that It will keep us busy a hundred years 
to attain* 

There are eight great power, lu the world. In the 
order ut their population they are f.iund to rank it* 
follows : 

Itrltlali Empire, 

Chlneae Republic, 

Russian Empire, 

lireat American Rr[iul>lle. the I ult.il States, 



Japanese Empire, 
Austrian Empire. 

To day six of these grout w.irtd l*.v.vr» are embroiled 
In war three, nld.it liy itirii' or four smaller powers, 
ugilllist two; slur. French. England, Portuguese, |iou- 
sll.ly .l«piin.»c uiul lt.tly. arrayed against the Teuton*! 

Tlie Chinese Republic Is torn by Internal strife and 
for the moment doea not count. The 1 idled Slate*, 
ouitir to the pence uiul Justice loving efforts of u grout 
President, la not embroiled In liny uur with Mexico. 

I bo I TlltPfj Htfifaft ^tflt)f)l4 fttfltH' *'l*ll*i If 

courage and ability, to i«i«h 
ii ixl that flnaiKinl uud 
each modern nation legitimately lupin;*, a 
that ni sites for leadejsblp- 

We are unprcijared ! A* colonists antl in a uallra uc 
have rejected all thn tradition* and fun..lau>eiitala i.-f 




itu-nlals are definite Ideals. isriDaucnce of executive 
Authority, |s»ef Itnteilee of isillcy, accumulation anil ut II 
l/Atloo of |>asl exiierlejires. aiitiit,rlfy tummcttsunirc 
with responsibilities. The I iilhsi States lit lis growth, 
I- net a creation; It J«|st hu|*;*'iicd ;imI Is still hii|i«u 
lug: hut ihe ttino tin-, come in xinp li.-t[i|.iiliii: ond |.> 
look iilwa.t mid act, nut for the niowent. Hot for till 
lime. 

nil: sre«|,~t »f III) "vtirs lli.it l hp » „rUI tins pv.-r it 
|lns Wvn l.rouxbt illioilt tiy lilr^iN — Itl.^N t...t of •<X|xllt- 
*|..|| tlirmiuli ilvlllialli.n, bill of c\|uiiim1uIj IhrisiKll 



I'.v.t sllxv ihe time .,f l>(.|,. r Ihe r.rtnt. ever <ii In- 

nr.^.l.11 the ,.lior.-s of the Raltlc fr-.ini I'hurli's of S«r 
doit, tlu- idti*,... of tlw liiittit Sea fr.rtii tlw Titfl.v i-ot 
>ltire Ilt-rlii^ drilk'^^l oterUiidl from .Mov-.-w tilt- Unit 
he Ulllit-|L4d til Pfli iflt' wiilt-iv 1111^*111 hns ILS'lred 1o ufi 
outlet on unfrt^t-ii In Illicit (-..n-iiifvl tiinl Inml 

llt.-..||ill..ti she till- sleillllly 7,-..ll«rl ll.t id.--.ltv Hos.Iii. 

iii liiiul una. litis trrowtt moi.- rtiplilty rind ttiore n.Tiill. 
Itian our Ihlri.en ...loith s; t.ut t-.tviird tU- >.-.! *U.. hs^ 
l--.ii (hwitrt.^l- lly toititiiittiii.tijs lit I'ltroiM. «ln- u>n 
I. iill.il )u the linnlilih. ihiillinv, fii./.n litilli'.-. Fut 
ttnid suit I- ruii. .- t.y war tu, Ml.il Iter Int.. the ltlnek Setl. 
nlill I'llri.ji.nn i-LOH-tli huie t.^S'iilnlly slnee i4o[^sm) 
t..r march ..n f'ouslilhlluuple. Towards the west • » I 
.|,-,„ U |, Vlmlii. -lol. Is as fur south as the viiil-troi.|o«l 



Will We Profit by Past History? 
By Harrington Emersou 

sontheni coosl of Fruuce. It Is iH'Verthelesa froaeu In 
the whiter), the Jai 



Kurojaitklu. the groat Uusslaa icruertil of the Uuixi 
Japnnsjess war, bitterly deplored thla tii'tlvlty or KussUi 
In the for east. "Our danger Ilea oci our 
dw," be said. We are playint. luto 
etti-niii'S." And so it has proved. 

\ and behind Austria, 
to expand by conqae. 
Here that trade- follows the sword, und that race mid 
nationality nr* morn lm|strtunt than cirtllctittiin, Bo 
Austrbi and liermuuy are determined to control tbo 
Hnl tu ii peninsula, to potwov) Coiistaritlnople. tu occupy 
and develop Asia Minor and old Assyria and Btd.) 




Eniclund ulwu.vs liad oversea hind ittuieer. uud while 
the other nations were still iwlis.ti *hc approprlata*! ill- 
inost half of North America, all or Australia, a lure* 
ponlon of Africa from Cairo to the Cape, the choicest 

lit! with the north side of what she calls the 
Channel, Euicland also upiiroiirtated Ihe slratcjde porta 
of the oceun, as Gibraltar, the Suez Ciinnl, Aden, Capo 
Town, tha Mauiera Slralt, the north of the St. I*aw- 
tv-nce and the north n-hore of all the American Great 
Lake* und the norlli shore of tb* Straits of Juau de 

lu her Ideals when sue drove the 
colonies luto rebellion, and under Ijord i*utn>ersion sine 
most ^nrprislDcty overlooked the opportunity to take 
over tbe wbole of equatorial Africa and to annex south- 
ern Talaionla with tbe ttlraits of Macellau. 

France, which let Kortli Auverleu slip out of her 
BTiuni, bus for centuries held to utopu 
and of balance of power in Kurmsi. At 
we cannot vymjaithlre with the Ion*: war* of the Span- 
ish succession, nor with Trance's wars with Unaala, 
witli Austria and uiib Germany under Louis Naiioleon. 
'1'hey weakened France aud lliey uulued Germany. 

Since the iturcrave of NtirulsTi: lent money to lite 
Kuiuemr Slglsmuiid aud look lu pledge tlie 
•if Itrniideiil.iinr, tlic wundorfnily thrift), 
slsteut, courastsiuH. mid Industrious lt..|ieuioll<rn rulers 
have anmiudized tbelr domltdoD— from coanty luto 
electorate, from elts'torute htlo Minrdom, from klluxdom 
Into heiHUhip of North Genuiiuy, from lieadship of 
.N'ortli lU'Diiany into iui|ieTiiil lenrlershlp of nil Goruuny. 

The I toll. ■«/. .111 . ii- liaie not overl.s.k'il any op|S>Itll- 
nltv to adiaiiis-. Hie one Ideal of ilotuitmllio,. expansion, 
and they have ix-rsUtetitly usisl all Ihe fuixlatnentals of 
orxmdxalkiiu. The warlike Ideal, honevcr, has been 
largely fomil iiii.ti ITusilu. Itnssla, Austria, and 
Krilline all luWf.il iignlmt Kre.hfl.-1. Ihe Great, ami 
It «tls wlily by very irrcilt uhilll) ji» tieneral mid Kins 
Itntt lie satnl l'ruvdn fn.m llw fale of l'olin>d Prnssla 
M.ii-1 Is'ateu to a tlnt*ti and i^rtly ilismembered h.v Nu- 
ll, leiin. Iii lNikl there win. a tiermuu coalition against 
1'ru-oo.u of ueafl) all tli.- orti.-r tit-riotiii Stales, includ- 
ing the Austrian ItapiP" II was only by <tU|«-udoils 
lilMinirckinii sktll lu illidooiaey and ion Moitkeaii skill 
In military organlllltl-m nod ilrstegy It-.tli tslliu sup 
is.rt.il by the old King, wise III lie' IriidltV.n of his 

I i Ifitii Prussia iwrwd trliimphiiui ; und such a 

niortipl!' 

iln Ii Uth |i>sl. Hlmoiti k I il.t li fore ihe German 

• Mel, 11 Prilnltlll I'll. II Tor |U' m-III elit of the Itoliielli- 

Sshl.iwU iltiesll'i'i. und Hiretilvl-it wllh loss of exUt 

ei iiuy -nidll tirruiao Sl ip, wlil. li should vote njulnst 

Pmi>lll. NioerllifN-o. he vt»M vottsl d.ovo. anil the srrl 
<lrtr*. -Inlw Itoh. thi- l'rtti--iiii. iirnik--. Iinoded SsXoliy 
.■ml IHiu.iir. I'll .lut> •Ir.l. (he doclxlve Isittle of the 

war was rolicht; ;«'i.l l^i '» '• f..M..w.il. ll 

ts-log Hint Pru«Mii got all It winded, The 
I'niswlsl attJiekis) hud twbe Ihe llilld sr.ll lll.il luitr- the 

I I. 1. . 1 1 -it -s r.r . of ITuv-lii. Imt il pi-oiisl no mulch for Pros 
-Inn -Vill 

I'm— in Hover vui-tilai.-.!. In IHlf lCu^lantl and I'rnuee 
Mirilhil.il us to the prot.eilon of Is.niiuirk, ihns allow- 
ing Priwln t" tu-iiilre ll.,l-tol.i. ui.d l.u. f to build the 
hi. -I Cunnl, which null..- live 11a I lie it Ceruiini hnrlstr 

tu li.'/i I'niii.s- viK-i;ia(,il. mss not i.-ttdy, ttllowed 

t.t-i^ lf to ti- f.-UMuil I... v.-il.il inut twill s|i<-|Hc |:-mm 
L»>^-. e»jii]..-n-.itlon lo lit'l I'rsnee pliiynl Into Ills- 
niiip l-i and Von M..llk, . hareU lir li*ln£ her bead 

r the S| bh ibtMlie Si.rl.l^m l-.-iioni) win ready, 

and lilsmanrk knew It: Kriin.v «..s n.-i rttidy. and Uls 

lonr.V knew Ibul iilso. Ail-trlll exisetv.1 to help France; 

y. July 1.1th, ISTO, the 



tiertnnua mublliaeil so much faster thao the French und 
territory in throe weeks, that the A Os- 
lo used Into nuUrwceneo. tinrmauy waa strnnif 
euouith aud rmidy to light both Franco and Austria, f 
ismamully saw Germany go into that war 

1 shall try' to give American suae Idea of tbe Ger- 
utan wur snme. Did you ever aee uu American clreiac 
Utuhlllae, breuk tautji, move und set up UKuinr It ii 
..no of tbe most wonderful examples of eJhclwicy we 
lave produced. The rxoat tent elty Is In full awing at 
10 P. M The next day at 10 A. 3d- It la parading the 
street* of a town a hundred miles away. Tbe German 
army mobilize* and moves, like au American circus in 
the height of the seaeou. 

IMd you ever see u uiaj.tr Icuiruc pamc of baseball 
played J There are the rule, of the game, tborc la the 
omening of the outs, there is the center fielder, for in- 
stance, who knows the rules. Listens to the coach, but 
has his eyes. lees, ami hands ready for any batted ball 
that comes his way. Wheu he is running fur a catch 
other things bad better get out of his road- Them are 
the Germon tiicllca— iierfeet onanUatlon. the rules 
iihdcntood by alL the teum drilled to act m A unit, yet 
cucb unit able, competent, ami Instructed to act on bU 
own initiative In his own reirlou. Hut Ibe German came 
is played wlih 2,ijtai,t»ay payers on a side. 

IMd you ever see tin Alnertcan Ore department answer 
the gon« and burry lo a big Href They atop at nothing 
and for nothing Every body else rets out of their way. 
Trolley cars stop, horses and vehicle* line up along the 
curb, pedestrian* cleur the erreet*. The fire department 
Is rushing Into war with Ore. and well It knows the 
value of seconds and of hitting hard and sir rag- That 
is the way the German army goe* into war, which HUd- 

lUcw are none any more. You «U up and lake notice 
Hint *>«r holds the center of ths stage as well aa ibe 

wlnxs- 

IMd yon ever n.ailder the wonder of the weather bu- 
reau service? Kvery uiornlii* your pa|ier tells you what 
lite weulher will t* for the day. 'ITte facts were gath- 
ered over tbe whole broad expanse of North America, 
were wired luto Washlnirlna, there analytteil and Inter- 
preled. mid the warnings scut out. It all bos lo he done 
In a few hours, liy n system similar lu Us coiupleto- 
lH.*sa the German Rcneml stutf kn.)ws what U happening 
everywhere all the liine. Kerore dawn Ibe following 
ilny. Yon Moltke knew more about Ibe Isiltle of Grave- 
l.itte -ii widely emended battle, which continued until 
after dork— knew more of the position or tbe various 
tnv.ii- and their condition and availability for further 
action. Ibnu we know now about the battle of Get- 
tysburg 

(la-lug tn lite basetull orgnuldticn of the Prussian 
army, owing to lis circus-like mobilization and move- 
ment, onim to Its Drc-departiucnt snitdennew* and en- 
ergy, owing to the perfection uf its Information, seven 
n<s>ks nft.r war was declared in 1"7D the war was 
practically ended by Ihe aurreuler of the French Em 
ts ror und his army aud Ihe bottling ui> of 1 
hli tiriny ut Metz. 

"ut of the ashes of the war of 1S70 Ihe I 
pire ariwe. North and »vutb Germuny nnlled. and uug 
merited by the nnnexatlou of Alsace l^irra Inc ; Vtuasln 
ami England betd aloof, trintaphnid Germany was 
srioii^ vbouuh to opiwoe them both, 

I do nol like the Prussian Ideal of cooniicst, annexa- 
Moll, in a menus of extending «^>rinail elvlilzatlou. He! 
Kiuni. Ilolhiiul. Switiertami were prosperous, witlnvnt 
lust fm expansion, and the liiltcd Slsl.i, believes there 
Is more fur tsiih n.niitiics In aldlne Mexico than In 
cowiuerlmt her. Neverthelevi. Ii.vi.lina: us her chief Ideul 
olTciislve wars of aggraiaUzeiuviit, the tleriaan urmy 
llvm hp to the Ideal. It ibrelniM. war with Instant svnl 
denrxi-i. It nxihllin-f ulmrW over night, and It strike, 
first and hard 

Germany bus this tlai, only r. |.nl. d on n lxrg.-r n-nle 
what Prussia did In 1*00. what the German Huud did 
in IS70 Holding to the iO.nl of expansion. I.uxem 
l-.tirg, Helglnio, lt,.]l»nil. Kwltaerlniid as poasilile prlxos 
If they da nsi stituil In the way. another »llce of France, 
Itiiislan IVInnd. [HTliaiis KInluuil. the lucorporntl.il. of 
G.-rm.iii Auslrla inxl lliingury In in,, etnidre, unlimited 
evimnlon timnnl < ^i«tutil|nople. Iownr.1 llngtlad uud 
l->..iid why not strike Immediately t«-fore Kuisla and 
France nrul England bo.ame any stronger? If tbe t^-r 
mans .ucee.il [here will still be a Russia, still L- .-, 
I nnuv still 1^ it Gtvut litlliiiu, ..veil as there was sllll 
00, still a Prance after lsri. 
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If Germany fall* then will still be a mat Germany, 
pushed back perhaps to the Rhine, rectifying peruana 
the ttmudun frontier, but with Oriental dreams ahat- 
tered. and with the Slar holding tbe Balkans. 

How lou« will tbe war last? l>avld Starr Jordan la 
quoted an saying It will coet a50XNj0.000 a day ; already 
t3.0O0.O0O.00O bare been voted to lie spent. In addition 
to the Immense war ctuwts und war supplies already on 
hand. The casualties rn dnto show n lea* of life ex- 
ceding :i,i»*t n day. The war U nut likely to last over 
six months. 

What is tbe outlook f«r America? Fur .vour neigh- 
bor's hou*e to be nti fire is never ji g-:.od thing for you. 
On tbe contrary. >r n .nl (,ur luitgiitairs to lie ten time* 
us |in«|iern.n» lis they urn so that we can anil more to 
tlo-m- Itopoverlshid neighbors cannot buy our prtsl 
nets, and that will affect all hatlnoaa adversely. Never- 
theless tbe .South African oar otlinuluted the mule 
market lb the United suites. aiul wheal und corn bovc 
ulready risen in price. 

Whiln tbe groat destruction Is ou, uud when It Is over. 
Europe will need our accumulations, mid will n.< only 
liny no ciihuiMsd price fur litem, bnt ulli pay with our 
ovtn liest sccurltlea at jtiv-itly lowered prices Thiw 
doubly will Kurupe be nmile trlliatury tu us. Hut It l« 
never In tbe Ionic run advantageous to take your uelgh- 
bur's capital. 

The war mast he sburt. and marvelous Is the re 
miwratlvo power of combatants. Men of arnvlienrtiig 
niw are, us n rule, only r. i>or cent prllclcul , the average 
Is nither Ice* than this compared to tbe best, 100 per 
cent, the picked few who are In all re»t-s.1s sound. A 
very llltle absolute Improvement In ellieleney might 
double tbe uverugc Other great wars liave this effect 
ou n people- Tbey climb out of their rots, they break 
awny from tradition. 

There was a great upswing In the United States 
after 1HK. In Herman; ofter 1900, In France and Ger- 
many after 1KT1. 

Tbe destruction of war Is not nearly aa great as It 



seems. It people do not produce, neither do tbey eon- 

spetidlug *10 a day, comes down to tbe »l or even to 
tbe 10.10 level without istrltcular detriment either to 
himself or to bis similarly placed neighbors. Ttle total 
wealth of Germany Is »«XI,no0.000.000. and even if the 
actual war wastes were f2.O0O.O0O a day, this In a whole 
year would amount to leas than 1 per cent of It* ac- 
cumulated wealth. 

Tlie aierage tlentb rule Li Gernwti) Is probably Si 
is r thousand, or l.XO.UWf u yeur. Kill u million sol- 
diers mxl you hare only doubled for one year tbe nor- 
rnul outflow. In four years. If the normal rate were 
lessened from M per cent to ir. per ocnt. the lost would 
ts. numerically made up. The beta of tire, I be loss uf 
time, the Lew of pruja'rly In :i sis months' war K after 
nil, Inalgnlucaut compared to the great enduring life of 
the nation. Recuperation villi be rapid. 

If business Is not to be Imiuediutcly boomed In Ibe 
l olled States, If Europe Is ruixldly to recuperate who- 
ever wins, what lejtltimute uilvnnuitc is lit store for us • 
'nie American Ideal Is not one of war, luit of peace, nnd 
In so fur a, that Ideul I* better fur humnnlty. It Is well 
that American Influence shall be extended through the 
world. 

Are we unprepared? Have we no twlliy? Are we to 
•Irtft? Is Ibe stU|ien<lous op|»rtuuity to lie forfeited? 

tlur currency hill has been passed, giving us almost 
uiilliiill.il nl>i;ity to expand unanciully. Month America 
has been flitanced by Kiiglnud and Oittiany, It la our 
• •Plioituuity to finance uur Anierlciin neighbor* nnd to 
nsip tbe reward of tbe patient iwllcy us lo Mexico. Are 
we wise enough lo meet Ule expectation? 

I be I'lllinuiu O 1 Is completed unil tile west coast 

uf Soulb Amerlcn Is at our doors, realty to extend us u 
hearty weleunie. 

The nieTcnntlle murine of tbe great powers li Buck- 
ing to our flag, where It ought to stnv. Are we wise 
cnouKb to secure It. aud to expand lit 

The natlona of Ibe world are taking over the homn 



supplies Icat there he a shortage. Is our Oorenunent 
wi«e enongh to see the need of taking over the cotton 
crop, the wheat crop, the corn crop, and a number of 
■<lli. -I' staple*, at a normally high price, holding them 
until Ule wurld heeds them and must bate them? 

1 Isrlleie Ibat every Indlvldoal should do all be call " 
f,n himself up lo the limit of his cn|s»clty. He should 
tsi a doer. Ileyood that capacity begins tbo normal 
function and resnonalblllty of tbe corporation. The 
ststc'a duties begin where three fhecvri»onitlori reuch 
ih-lr limit. Tbe southern farmer has raised all the 
collo'ii be knew bow to. prol«»bl.v nut more thuu bull of 
wfnil be iwght to liavc ruLwd jkt ncre. Cnrrsiralion* 
haio Einnssl It f,>r blm uud cmpn-s-sl It and stand 
iv;nl> to bunt It tu mnrk.'t. No r..n«iriiilun <nn Imy 
iiiul hold the whole notion crop or any jsirt of It. It ts 
■ be duty of the GoTctiiment lo place lu reservoir the 
iIoihI of iImi iinniarketnhle cotton aud to hold It at a 
inliiUiintn ec|s.rt i^rtce until wauted. 

Ilea' there are irreut natiolial ]K*u<lulUlief uud polt 
vies fur which we need the |xiwer of the Government: 

l irst— To ussurc such currency facilities as will en- 
at'h- us tu buy hack our Investment MS'lltlths nt Ibe low 
priii- at which I bey are offered. 

S.«\md— So tu ii«M ie.ir luilikt. n? lu enable us !•■ 
Iliiunce the world's colmibil trade which tbe wiirrlug 
lull ions are droiipbiit. 

Third— To take over tlie mercantile marine of the 
wnrld so as to curry our sti|>p|lcs to those who either 
n-.or or later will so urgently n*Ml theni 

-llrtll — To take orer and hold until Deeded the ex- 
Ik.rt staples of the coUDtry, e-iss.-ia.lly those temporarily 
depressed Bhnll our farmer, sell cotton at half price 
now. when before the next crop Is gathered It will com- 
mand u war price? 

Great tines of peaceful exist uvlon and growth are, lb 
this great catastrophe, ours for the takluc Xever was 
(here such an oprsirtunlty before and let us ho|ie that 
It will never cuine again. 

We must net now. m forever regret. 



Marine Bird* and Hydro-Aeroplanes 

Tiik fKpwtor or Uie I-aborotnry of Aviation in tho 
French Ecole dos Haute* Btudet, Dr. Magna n. lias uuidv 
a miiiubB study dtuioe tbe past Ave yean of tbe ehar- 
acterbtlcs of »e*-l)lrd*. with the object of deducing prtn- 
clplea Uierefrom whk-b migbl aid in the- perfecting of 
aeroplane* He bus ricorously calculated the wing- 
turfaee. Ibe weight and widlb of the wings. Uietr spread, 
and tbe total lenglb of inauy buadreua of birds, Ukiuc 
careful note in oach euae of Ibe n voile of Algbt He boa 
observed that tbe various relative dJuuusiocia were prac- 
tically constant fur the species of tbe saltie group of birds 
practising thn same sort or Might 

Thus, all tho birds of prey Hying by day have prae. 
ticalty Uie same wtng-aurfaeci, tlic reution of their wuig> 
spread to the length of tho lssly being eons taut, tin tbe 
otber band, these dimensiona differ considenxhly when 
different groups of hirds arc considered, aa birds of prey, 
marine palmipeds, and birds of passage 

At a recent meeting of tbo French Acadamio dca 
Sciences. *D account vl Dr. Miuman'j resean-hns was 
preaenteii by M. Ed Perior. who said: 

"In Investigating the eluiraclorUties of marine birds 
(palmlptsla) be baa lx«n able to define thorn thus: The 
marine imJiuIMs puseeaa the greatest relative wing- 
spread found among birds of any kiDd , on tbo other hand, 
tbey have th<- narrowest wings. Their wine-surface is 
very huge, but less, however. Uian that of the predaxswus 
birds The tail is eonaUieruWy abbreviated, but tbe total 
length is nearly the same as that of tbe birds of prey, in 
si«t» ef this shortening of ilie tall. Tbe relation of the 
wiltg-sprejul lo tbe widlll of wing to greater. 

"M. Mmronn sboas also thai the uarto»uce> of the 
wing and tbe shortening of the Uul souin to bo the reftilL 
of an adaptation to flight in tlie great curreuls of air, 
liiKS) afl the water lards Mucks, small wading birds) 
whieb fly in analogous conditions also have narrow wings 
and Bhort taiH. 

"M- M agnsn hod already proved by bis study of sisvr- 
lug birds that it was possible to make u praeticul applica- 
tion in wroplnliea of the dimensions discovurcd by him 
in birds. Tho I'oonicr nwinoplnno piloted by K. Vtslrine* 
in the tlfitvl'in Itoniiett Cup Racsi of 1013, cunlained both 
the lirst application and the justification of his researches. 
The fuselage of tilts moroplane possesses elmraeterislies 
whieb are absolutely individual ; it pn-si:nts. iu aeimrdanee 
with the result* of M Mngnau's olwervaliuns. the hiwest 
proportion of tola! length to wing-spread. This reduc- 
tion of the fuselage permits very rapid leaving of the 
ground, and geeuis to give a superior ascsmsional speed, 
since, in the cavalry type of avion, Uiclovuctc has at- 
tained a height of 1/jfjt) meters in .1 minutes. 

"M. Maguan has calculated the dimensions of a mono- 
plana modeled after marioe birds, s» sroll as those of tbo 
soaring maehinos. which copy the bird* of prey. His 



figures, in a machine weighing 100 kUogratuines in flying 
order, are as follows- 

"Wing-surface In soaring monoplane of the blrd-of-prey 
type uiuals 12.00 square uietera; and lu.iyi acjuare laelers 
fur tbe niooopiune of lie marine-bird t) |<e. 

"Weight uf wings, 7S.N0U kilograinirji:s ami 77 800 
liiloKTutnniea, res|>ectiveiy. 

"Wing-spread, 9.78 meters and 10JO meters, re- 
spectively. 

"Width of wing. 1.09 meters and 1 25 meters, re- 
spectively. 

"Umgtb of toil. 1.90 meters and 1.32 incten. re- 
speetivolv. 

•'Ungtb of machine, 4.M meters and .1.20 meter., re- 
spectively. 

"It will be seen that there are very noteworthy differ- 
ences between those two types. It may he that buildnrs 
will be inspired to make use or these conclusions, either 
in total or in part, in llio construction of hydm-acm- 
planes." -L' Afr/ijtkitf. 

A Fossil Haitun Skeleton from German East 
Africa 
By George G. MacCordy 

Ar u uieellng of lite QeeulUchaft Naturfurscbeuder 
Firunde. in Berlin, on March 17Lh, IBM. Dr. liana K..^k 
mode a preUminary report on a discovery thai Is uf special 
interest lo anthruputogista. l)r. Ktsk was attached U) a 
geological expedition that bad been aenl out lo survey 
a parallel running through the iiortllein end of Ijcrnuin 
Hast Africa, as well as to collect ror tbe Oeologie- 
l'alcontolotjic Institute of tbo Universily of Berlin and 
tho raJcnntotogical Museum at Alunich. 

Tbo disoovcry in qucatsou waa made in Oldoway 
hollow or gorge on the eastern margin of tbo Serengcti 
steppe. The Oldoway gorge laya bare a series of tufa- 
cscuu, layen that had been deposited in a fresh water lake. 
Five deposit* can be distinguished stratigraphically as 
wall a* paJoontnlogicaJly. In the lowest deposit foMil 
remains are rare, the chief specimen being » isirt of a 
rhinoceros skeleton. Tho second deposit i„ ri.-b in f.swl 
mammalian remains, including the bunian skeUitou. Re- 
maiuv of two types of fossil elephant, hold different from 
tbo living fiie|A«« nfrknnut, were esrss-ially almndaut; 
Ibe fkidl .if a liipts>|».tumuu win al»o found In de|»t<il 
numlx'r two. LVities uf tlie uiitelots' ap|x«r for the first 
time in the third dejyjylt, whk-b alio contains bonce of 
the elephant. Kl«|ihanl rcuiaina are douiiuatil in the 
fourth di-iKMll; liab bones ore also ubundant The fifth 
and luteel of tbe d«'(>isit3 is tbe richest of all in fosaUs. 
It is charaetcrlxed by an antelope and gaicUe fauna 
similar to thai now liviug on the S»-rer*geti step|ie. In 
this deposit Keck found do elephant remains. 

Tho change iu fauna miimacocrd by tlw »w corre- 



spond*, to a change in climate. Tbe climate uf the upper 
horinou was similar to ibat or to-day; while the elephant. 
rWiioeurte hippoixeiamuo. erwodde. and Osh of the tower 
horiioiis bs^peok a damp woodland climate that was 
probably syMhrouous with the Worm glacial epoch in 
Europe.. 

The bunion skeleton, aa ha* been said, anno from the 
next to the lowest horizon (No. 2). It is not only in a 

complete. Tbo skeleton was found somo three or four 
meters below the rim of the Oldeway gorge, which here 
is about fifty meters deep. Tbe skeleton bore the same 
relation to the stratified bed as did tlie other mammalian 
remains and win dug otit of Hi* liard day tuff will, 
hammer and cliim l ju-t as the*, were In other words, 
tho condition* of the Anil wore sn< h as to exclude the 
possibility of nu ini.Tinent The bonuin Iwnes are there- 
fore as old ski tbe deposit l N... 2). 

Ad attempt to determine flic age of the Uuiuau ^keteloti 
with any degree of accuracy must, of course, wail upon 
a further study of tlie geologic and paleoniologio data. 
aawellasonaiiioretliomUBb-giiiiursomatolocie study of 
the skeleton itself. Dr. Keck is, however, already oon- 
vluced that it autvdafes the so-calUyl alluv ial or recent 
period. The thickness of the deposits indicutes a con- 
siderable lapse of time, especially when oiu- recalls tliat 
at least two of the suiicrposiil do|sails were bud down 
before the faulting occurred, uud with it tin- drj ing uj> 

of the lake. Tbe change in fuuua from rhm ms. hin- 

jKipotjuuus and two t> pia of elephant both cliffircnt frvmi 
tho living African elephant, to a giizcllc .vnil .vnt.-lnts 
fauna is likewise jsmoI uf considerable antiquity. .Iiwlging 
rrom the plioi.xrrajih or the skeleton still in «i(u. tin, m.ni 
of Oldoway gorge did not belong lo the Ncnmlerlid. but 
rather to tin. Auneiuti-init ty(s- uf nun In tho altsen--.-. 
bowuvcr. of inilui.trial rcniains and uv.-n pbologrnphs in 
detail, any pnuvMinecment a* to racial tdllnitice with 
known Kurupuaii Quatenuiry lmim.ii remains wnuUI Iw 
merely a gvieej*. -.St-iswcc. 



ArtiWty of Fre«hly Formed Radium Emanation 

II. II. lVs.it. In Hie I'liil. IMv.. snys Unit as thcr.- 
is no very sati%fncti>r>- cxphiliatlou of the exiKUieJitlal 
luw or rtello active <l«vay. It Is not uiirciivuuihle to 

sllppct-e char vutlultnns fTnln It luUl.t .«*.-l.ir tlfnler <ei- 
t.vlll cuielill.iiix I'ur 1ii«Iiiikv. at bus been HturgeHteil 
by July, it W [•i-xible tlmt tin- rate of decay, aud betes- 
tlie activity of a body, mlnbr In: anomalous when the 
h.«ly Is freshly forrncl. so Out Us nse bi only a very 
Muull friuil.ui ..r il» im-rnir..- I]f.- Accorilliigly, th»- 
iinlbur h;i^ cihuji;iI'>..1 IIh- ucllvit.v of Kjil'-lif ft f . w mt 
..lids old with Hint uf the -.mi. euninatiiui ill the nm 
,;t u few nilniites. 'Ibe rc-.ull «.-r.- n.-ciillv.-. iN.lblf- 
lilKiuinl.ms tielus ileted.d. 
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A Motor Hospital 

The Lutest French Military Vehicle 

Hv Wultrr Itniiiinril 




Tiir l'rci*ch «rtiiv bn» an uuloiuotille 
ofieriitlint iinmii. In which *urgiail uperu- 
Ui«iih oiu I** |H*rr»niirtl nt tbt* Utltli- fruat 
lit coitdltlimw a* fiiv.-rnblc u» Uio*e afforded 
by a bi*t«|»itnl. Severe ulHtnaalruiI wouimIjs 
which tin- vrry eottinn>u lu nmbn war- 
fare, cannot it- u|»-nii<i| uj*. ii [iru|*rly by 
the ordinary field senior, uud hi mutiy 
CMH iIn- rcmonil .if ill** pallcnt U ninlvu- 
lettl («i a wen tenor of ilcalb. 

Tile new velik'te. wlili'b I. . ■ u W m?fm> 
[ki« er nMor, m pubic df ilerrlnptig; a n 
average mnviI of in mile* per timir, In fur- 
ubtlied wlih all of Hit* (KcniiwriB) uihI (lie 
iBtrat IllUlWIffall nf a li.-piiiil opera t 
Ine mum. Ha prlnclpnl oiiu|«irtmcnt. the 
ota'raitug r-mtn pro|«*r. mutalua an 1m- 
pmv^l •i|*-rathnt tnblc uml u wa»h htt^bi 
-applied nlih all I Hiatal water In front 

Ih it «innl|rr cuuipartlll*-lil. "Ultillnlllg lllr 

Hti-riliriiii* apparatus anil l he electrical ap 
|Ntmtna, which I* >»|«-t -.if li> (lie ututur. 
whether UM vehicle li In motion ttt at 
real. 

A vt-rj l(igeiih«i* arrangement enable* 
Mm* nuneii^i (i* locale the bulM uceuniiel} 
h tin- aptillinthiii "f ItiM'Dttfi'ii ray*, Tlw 
tajajftatar, *iiietded fmm dlffti-c light h> 11 
ptwti-trupher'.. IomhI, ihmMtVm (lie Iht-irwciir 
KIWI aVfff Hi- lattlrMV Unly until the 
»hndnw af Hm* bullet fall-* a* a avail Iwt* 
m the center of tlx- MBffWal Ity li -. i -in. 
a (a'ltrll hi I hi-. b.»h'. I hi- |..-ri.-n of Hi- 
»hndnw U marked on a nliee-1 nf tram* 
lucent paper, ruled In wpiure-t. which U 
placed under (lit- HPMtt Tbr nnjcb- uf ok 
Ncrrathui In then altered ullghlly mid tbe 
new poatfjajB <if (be |>n>>ccthm nf (be bul- 
let la ma r kill In the Mime way on tbr 
rul««l [utjier. 1'roni (hi' distance between 
MM tv*-i murk-*, ibe depth nf the Imltrt can 




Tbr operating room of (he motor boapHal contain* operating table, 
trepanning apparatus, and Mlt rlllxlug h*»in 



be vbUlbetl, by referring 10 a table ctMu- 
imted Lu Hdvinicv. 

The ujM-rti 1 1 ug rooiu a Imi CuutaliiH a 
<vm|>1ete lre|Ninuliig ii|JiKiratu.t, wbleb la 
<tpent(eil by u »|H<rlal inutur. 

TIN BHalCM ejirrtew mi upiuinitu* for 
■t OriW allH MM by ultrn vloU-t raj*, for 
Ibe Wm of tlie triM*pK. The water Ih drawn 
fnmi uuy (*ntiTeiik*nt brook or i-mmI b> an 
elertrie |»ain|(. 

A foldlui: tent, fur lllr shelter of ixi 
(telilM In' ft in* mill after ■ >(>*-riit l>m, U ut 
Im ttiil to »«eh »]ite uf tbe vchfrrle. 

Tlu- eiMpluynienr of mitowi'lille ora*rat- 
Iml' hMMI «'f >bl> mi' w 111 cure many 
Uvea. In (Im> ri«eetit war In Maucbnrui tlve 
iiMirlolKy iiimimk; the neveTely wouu«led 
V9P ■) |iei' eeiil, U<«(|He i>f the lnililr«iliale 
MdHtlM hf pna|M layCMtMOP (reurnimt. 
Tbl- Bjotlalll) nin apiilaaWy la' dliuln- 

Mn4 i" i«" itiini- h) ih* n—- "f HrtwBav 

bjlc nt*t*rating riMoia" In whMi ii|a»M»lha»n 
'■in In* |a'rfi iriueil I u | IMftMl l> IMptto 
iv.tMllth'ii-. withmit liw uf time, la-fiare the 
ntiuoeal of the luitleiit frtiua the Uetd. 

\ Number of r*ldln| Go-cart ra tenia- - 

\\t ii re till iimn 1 Of rumUiar with the 
general ipjUiflunil uf the folding gu- 
• arl- or jM-rantlnilatiirn uuide partly oat 
nf what appeitr* tu U> oil eloth. Patenta 
Nii- l.ljtM.417 to 1,IKM.4IU on apjilicAtMHia 
ul rVank J. Beier and Xna. I.IKM.I.V1 to 
I .imi. kill. iiH'htMivi-, on tbe applM*«lioiu of 
Albert I, BftGUIj luive Iwen granted, 
•tluiaingt various oonatruettona i>f gn- 
carta of tin* cUha. All nf theao patcou 
exoupt t 1,01H,457 have been iaaued to 
William 8. Ferria. Elkhart, lnd., ami 
Alnxandor U. UeiUt of Chmm<o. 111., 
trvateea. a« aaaigmi- 




Hhowinff the method of urn pending atrelchcra in a military 
vcbirlc, and tbr potilUtat of tbe palirnta 



The motor boapitaL be«idea ita operating and altriliiiag equipment, 
carrtra a afirltcr lent on each aide, ready for pHchlnc. 
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Side view of V type, water-cooled motor. 



End Tirw of V type motor, now Urored for high powers. 



Late Type* of Aero Engines 

With the. niituml advance In the art of aerial flight 
larger airship* and planes of various kind* are 
constantly twine designed, ami fur their operation there 
is a steadily Inereasing demand for more power ; ami 
Indeed these demand* for Increased power have becuiue 
no Inalsteut that Uie designer* unit builder* of engine* 
Of this class arc Uudlng It extremely difficult to keep 
Hp with tliem because of the limitation*? of weight and 
restrict loo* ah to nice. An it mutter dl tu<A tlie hewer 
and larger of the Aycrs n^M-ur to depend more on ln- 
nvoAed power for tbalr wicceaa tn* n on un S radical 
Improvement In tbelr conception ; and while the re- 
striction* Imposed on the dcaiguer* of the engines aro 
within reAsonable limits, a stimulus to Improvement, 
the limitation*) to weight still Insisted upon Is pn>- 
during an engine, which while remarkable fur Hi me- 
chanical perfection and enVlency, cannot be regarded 
In any sen** an reliable, nor of a character that would 
be accepted for anything except purely experimental 
work- 
Up to about one hundred horse- power the rotary 
of motor (Dare very flood results "id was very favor- 
ably regarded, bat where greater powers aro required. 



and longer night* are contemplated, engines more 
i HMi Hy tipprouehlng automobile linen are preferred a* 
they have proved themselves more dependable and 
durable, ami many of the more recent flight* (bat have 
I «ecn not n hie for either duration or distance have been 
minlc with the assistance of water-cooled motors of the 
a hove ty|s\ 

Many of these new engine* of high power that have 
Iteen lindaMed la foreign countries of late have been 
produced by well-known automobile builders, who have 
alas bud n-iirthlcrahle experience with fast niotorbotit*. 
a nd tlie aero enrtnes they build may l>e considered a 
condensation of their experience with light, high-speed 
motors. One of the moat n*-cnt design* la by the WoUe- 
ley Company, the well-known British builders, and aa 
It l- fairly typical of ItM clam the accompanying Illus- 
tration* ami details are given. 

ThU engine la a fourcycle of the "V" type having 
eight ey Under* S by 7 bore and stroke set at an angle 
of in degree* on a east aluminium crank ease. Tlieae 
eylheler* are of high carbon steel, machined out of 
the maid and fitted with copper water-jackets. The 
piston* are of the aame construrtirm aa the cylinder*, 
ami are lifted with four rings each, two of which Hre 
eom predion rlaga, while the other two merely aerve «* 



guides or ticurliigx. The valve* are placed In the 
eyllmler bead, and operated by ovcrlwad rocking levees 
niMt roilM from an liicloMed central camshaft that serves 
both hi ■ i k tti rythiderH, and U driven from the crunk- 
nbaft by gears. The valves ure all set In removable 
sent*, and the exhaust valves work In detachable water* 
r-Mitod boxes, A forced system of lubrication la etn- 
luoycd. one gear prnnp feeding oil under pressure to ull 
Important bearings, aud a hlsimh! pump returning the 
-ill from the criinkcliamber base to tlie tank, the con- 
sumption being approximately tt.ia* pint per brake 
horsepower hour. A gear pump working In Conjunc- 
tion witb a radiator takes care of the cooling, while 
the Ignition U the dual system, coiiHbding of a high- 
tebflloD majroeto and coll, with siurllng awltch and 
accumulator. 

This engine weighs about Gfin pouniU. wlillp tlte water 
In Jackets and rmllntor amounts to 130 pouiidH. At 
revolutions \tvr minute 1W bcr*e-iwwer Is devel- 
t^asl with a cotwimptluii of approximately 0.11.1 pint 
of gasidltMf jier brake borse-ixiwer hour. Any suitable 
earliureter may be used, ami It can be placed as stkown 
In the cuts, or located lower down at the end of tlie 
engine; while the gasoline ean be ffil by pressure if 
dealred. 



Wireless Communication and Aeronautics* 

Facts Relating to Light Portable Apparatus 



Foil wirelM« ititdnllatiiMi" tin htoud wni| lan**« and 
lialloons the mtwt imporlanl r.-n-i l- niiion has been to 
install apparatus which will eonfurni to the htitilulinns 
of weight and npaee. and Mill provUU* a •tillable and 
effle'eni ineuat of transmitting tni'Hsages to the desiretl 
points with the nniall aerial wire system and power of 
aireiraft. The demand for light and portable fdattnn* for 
array and navy work is ewnstantly in<*reaaing. In tim** 
of war. wirelrsa ooinmuni<-atioa if) of gnat struei- in 
eonneetion witb aeroaaulica, for it enahlea the IcanYnt 
to send eommandn rapidly aud lo learn the position of 
the enemy. The operator iw unually earri»sl as a pBJWs'tigi r 
and rranatnitit signal* at the *ame time a* Im* makes oh> 
ner\*AtUina, The apitaiatus used is. in all respeels, inter- 
changeable with the jMiiialtb- field sets, at* this cnal4e»> 
any operator of the field signal eorpn to work the aero- 
plane out At when neeeasary. It is mi arranged that 'In 
niaehlne* are of the itouhte key type, so that ine«tuge» 
ean be sent by rilher the aviator or Hie pawnger. 

Th>* etirrenl t« obtained from a generator, friei ion- 
driven from the fly-wheel i>r the mgiiie or from MMlfl 
cells. F.Kperiments have also Im<«*ii ma<l»- with wind 
motors wIwtc the generator was driven by uu aeroplane 

The eipjipment at |»i'sent used by this gvtvi-mincni 
baa an output of about 125 wntti. weighs alsHjl 7S 
pounds, ami, it in elaimrd, has a radius of .'10 mile* A 
new equipment designed by the author has a total weigh* 
of lew than 90 pounds with double the capacity and les* 



than one half the spaec required by other out At r 
Keet'titly M<Yt-ral European tiovemmenta have beer 



* Atsdrwrt trom t p*j«r bj WllUun Isnhllkr r^ad hnfnrr Mu 
A<riin»iov»l HiKh>\y at A entries. Juwe 1 11b. wlwre hr pn-f»i-*«l 
a*j nsasarks »»Ut a s>Me ua ifc.- bhiioey ut wlreasai aud Its adapta- 




Thc Dablllar Wlrtlaaa Apparttua. 



making experiment* with apparaliiN for army work and 
have arranged i-ond ti«n* dlffen nt fmm ihw whitdi liavc 
lieen planned ami adopts) by all *mVw wVttt up to 
da4e, Id fact, hase gone hack to rd.- oJd da>*> when the 
ordinary HnrU omllator, untumnl and of open circuit 
waa uaed. Now teverat oflU'ialn are *uggetd>ng 1h* iw of 
apparatus wherein the IrariHiniiteT Is not tuned, and 
they mlvanee several point* in Its favor. 

Find, in transmuting a sharply tuned ugnal it lakes 
a longer time for the reev|>tor lo get Into pn>|»r adji»1- 
mettt for reeeaving aigtial'* 

Sm*oiwUy. the traiiMnitter can be MOTa quickly ad- 
juiiftl ;i- ii rn-1 iw^^y lo adjiml the iweilbjting 
eireuits earefuHy in order to bring them In ri mnaiiee. 

Thirdly, uiewagett ean Is- sent in see ret emte. Ibi.ee 
it doca not matter triuHhtt Ine ef Mg wsjajyai them or 
not. If the signals sent out an- not tuntsl sharply, the 
gn'ntest bindnutre ran !»• 4iff»'n-d to ibr enemy by tntee- 
renng with his ntatHKis; Tor it will be dinVnlt for him to 
tune out the-e highly dnnipiil waves. It kM lln-refore 
Imh'O desirable to m-ml out wuvm with a flai n-nirtia !*«•<' 

eurve. 

In order to get the largest aimoinl of pow«* wit of the 
transmitting station ami lo arrange the eirenita in 
tmouaoee, tlw following figun>s will be of grenl intereMt 
to gi> e one an idea of tlx* sire of the aerial and MfMWci 
required in installaliona: 

The speed of electric waves i* al wut one hJUkui f«-1 per 
second. If oaeillat iona or waves <if a freqm-n' y of . im> ni H- 
Lion is deaimd, it will be necessary lo have a wave length 
of about one thousand feet; for to aend mossagv* with 
wave length of very much lean la not practical, benauM 

Diaitized bv Go 



SCIENTIFIC AMERICAN SUPPLEMENT Na 2020 s.*™^ ip, in* 



irf many ditlic-tiltk* stiirli us kitMurplum. Ileal lostm*. io- 
ilui-tKHi low-*- etc. Therefore, if signal* an? to be *eu1, 
lont^-r wnvr leliKtb kliould lx- obtained by uniuK laryv- 
inrtut'tanees, 'Hie xi /*-- of tbr«i is also limited; fur tlie 
miu'luiic mrtiiu lH««Ninh ,e ineffiricnl wVji too mutb hi- 
duetanee and too bude. neri-ol rapwiw i* uwxl. Hi'D"«', 
a eoinprumi*-e mut-r he made •■hereby MiJlieiciit aerial 
U'tiCtli and surface ar*> eociilcd unth & fairly larve in- 
• lui'ta&oe. To pet fin id.a of the lenirth of Hie aerial 
ruughly, tlie nave U>n«i h transmitted is 5 lime* the Utngtli 
irf tbt- atrial *>rc- awteni plus 10 linn** the length of *ir»' 
in the oml or helix. TV» make up the length, usually a 
trailinir ■ire used whieli in lod down from the avroplau" 
or bolLuon, or an auxiliary balloon is used far eleralitit-t 
wire*. Tbi* jdayA ti very important part in determiniiu; 
the. raw of u wirvlw vtati«n, for roughly it varies 
diwdy with the h*Anh\ of ao a. rial and cube root of the 
l»o*cr- 

Many different kind-* of apparatus liavn been designed 
for aeroplane Mork. iVwtuhlp stations mpplucl liy the 
Marconi Company, t v ji* • I*, *-s|roeiai!y adapted for aero- 
planes, m*h "Hi )i..iimU mid have a capacity of fin watts 
anil a radium of al«)*it 10 miles. Tvpr LI weighs 
pound*, lias u eafflkeity «if about JtflO watts, anil a sending 
radius of miles, while typo M. for durable wtirk, has a 
capacity of l.oOt. unlti, n u ndine rndiut. from balloons 
of 2flrt miles and wevchtt 5W j*«jlidfl- One of these in" 
vtallauons tried on board the " Flaoder?.'* Uriti.ih 
machine, and made up in two M|uwat* rontained 
unit* vhh the idea of dUtrihutiujC tlie weight, ww fitted 
underneath the pilot and pu«*tJi£er *<at. and tbn only 
part expowtl VUM manipulating key with several con- 
troller swilehe* which were |duc»xl iti ll>«' hloU nrtiv* tlirnt 
puciitton f«ir the operator to carrj out tli«« HHi>iilin*iroi» 
work of olicrying and roporting. 

Aivitlwr w-mplatu" 1 inaibjlAtiua uwil it otif i'i»iu*t rurr^l 
by the li««N'ii>. Conii'«any, nnng a qu»-nrhrd dt>rliart;o cap 
for the i>pHlnrli»in of nmrly rontinuous OM'-i!Iali*iiifi, Th** 
weijrbt or th*- tranhimtu-r witltout the pejienUor 1(H) 
pound*. Hi* dytiamo «*cd aw v«h-i, «ith a t »pa< it> 
of r.00 watK. TJiifc nr.pWJ.tiis consist* of a <b>j|.arse (nip 
of two larjr« elect nib^, 'ft^h iloetrodt- ^liaped UW« a lutlf 
l>all and stoli d by a li>droraH*oii vapiir. Although this 
apparatus i% no" efTieu-ut. it has already !>«•*•& iiiHtaliwi 
by 9tr<\xra1 i>f 1 tic forvtcti covwumcnl*- 

Thtt Telef anker, folnpaiiy have made anapparutu" 
for aeroplane nork wliii-b ba« a enpactty i>f about 3UJ 
watt)*, and oeeupici three rubir* f«H't. A xmaU dynamo i< 
Mm»;\, )^lr .>r friction driven fn>in th< niAin rnjriiir. and 
thi- apparatus han a Bendim; radium nf from iiftwn to 
twenty mtlr*. 

Fur UMoor. installation.. *b*-ro lancr mri*]* .*n be 
enii-imr^d, much (rrrater diMau^-x itrtild N- ohtainrd. 
It liaa It-en n pnrtcrf that ilw % p|^ lin airsbip* arc irans- 
niillitie "iisnaU JKNJ miles with a 5 kilowaft invtallat ion, 
und all '.lit- />j>p» lin ajohi|« thut ar* making public trip* 
hn\e on liianl r«^ul»r telegraph form*, tit* sanw as um-d 
on tiup vfnttoli 1 -. **> That |taMMJD(^.r* <**n wnd tb* ir 
«H«Maijt-« at published rnH s to any part M lli^ world. 
The mTial on W*ni a 7.* ppebn diriifible almost filK> 
f« t hine, and a *'HMvV ^. nerator i.h <lrtv>n by an in- 



dependent engine at a *p«s-d of ^.liiO n vo^utiiMiK \m:t 
loiuutc. The aavo lrnglh \-arieB from Mm to 1.1SM) 
iii*t*r-- 

Tlw- KTt tiXt'A lUn^r aitiw-lwMl to balloons from wirelos-i 
iik*1aUat'on*< i* thp fact tlutt the gas may V«f»eontc jgniletl 
by Hpark* iHMdnerd by iivdiioM ourrents. Thi» danjrrr 
raunol be « ll>i)hiat*d with tb*» larger libatallfttioiit. whrrr 
htch voltago thm-formem Arti ii*ed. but fhrro nre oertnin 
M>MeniM. hiK-h a* th- P.ndwn, Iswnx and tlu- author*. 
wUn- tli*> voltitge of (he trau-siiiitttng osciJlation* is 
grvatly rtHlw^si, thu*i eliminating t" f*'ime extent the 
i.lani.*'T of niduoed eumntfl. All metal pari* mich u 
valvt^ f etc, iini«t be tlviroughly wverwl with n thick 
ojatuig of tfoine form of tuxulatiDg variueli. For l>alloan 
work ilw> nireleto) telephone vi tlw moot praciK*al method 
f«r tramanittinir eommuiueations, for it dutiinat^ tbe 
tcIi*«Taph operator and the danger* of an expli-timn by 
hru-ib diw harge. and make* potiiiblc quj' k tn*u*nii«=toB 
of fiirnaU. 

The portable Uubilier appamtu; »eijflw 'JN |*ni(id«, 
with a maximum capacity of one batf kilowatt The 
VVHtem elimmutex the use of Die difficult high frwiumc.v 
alternator. A Mnall din^-t <mrn ul dyn&iuo i« iimni, and 
then by a simple device alternating current it are itr<MbitX-<) 
having any dt**ircd fn<iucncy from 'JtIO t«i >HJO c\«t|efl, 
thus vending signals with musical nole-t. The apparatus 
in mueli ea,ii«T and ehenjx-r to oozwtriMit than any yet 
provided for portable work; it is much smaller and much 
more compact for giwro powor and ix more jHnrtuhlc and 
readily adopted fiw transport purjioioi; it is e>.|w<ially 
dc»>igntf*1 biT acmplarut installation r, wberc power, space 
and wcicbt are imporlant eonsid ernt ions. 

From in w<lo b> U.th the Unt^h ami Tnitod States 
pjvcniinen(>, the apparatiu bo* proven \UrlS more than 
twice h* cfliOeiit as any of tl» machinni yet tried. In a 
report ik^ii.J by Capt Ij-Froy, it i* Mated that with a 
Ot^w.Mt. lltkvoll *ei. hiicil*U •n.-ra *f-n% from standanl 
jiortwhh' ut-rial am) tv^jved on a *or\ ter jMiek aerial 
;*> f«**'t hiuh "trti»i»liiM.* of '2 wuref iu f>Arallel, 4 foot apart. 
A ground net *itli a peg dnv*n VJ inches into tbn earth 
was used as a Italanw capacity. The ttalimi ww» on^t^l 
on gruif. and l*>4 volt"* d inert current weni nwd for 
transmittint;. Tbe current in the aerial ww 1 Vi ampcniifl- 
The eondriiscr capatity was U .(KH5 im'crofara<l>, a loow 
coupler being tiBod. Tlic mi*Aununi voltage aero** %\w 
spark gap wa« 7.0O(>. which was of tbo qucncbtsl type 
ailjust<Hi to give the bnt rwidmi^ in (ho acn&l. Tents 
were made with three ranges in connecUon with a 
wat; Mammi installation set up alongside for compari- 
sons. From AJdcrshot a motor car with a portable in- 
stallation went out to three dixtances. fintt to Hook 
Common. 0 miles; second t*> Ovrrton, 20 miles; Hunt 
to Whitchurch. A*, mile^. In the 6r«t two places iigimls 
were- rwe-ivrd eb>*r, indeed with eight times the audi- 
bility at ibo latter v-*t- At tb*? third test tlic rreciviiig 
* nd wn* connected to tl>*t wrong side of the a**nid n liieh 
wan «limrt and wbtcli wo* in a volley to that no xignali 
were <tl*tain«l. Capt. I^Kroy r*portc<i that thi* api>a- 
t-y* which vteiirh^l "Ut lo p-iumU, less tbn gcocrator, bad 
n «afr mngf i4 irjUes uver land. Tbn same apparatus 
o|*T»ied on a . r N.»-voli iw*-iiimtlutiir wviiflnnir rUl pounds 



ha*l a ebar nwtius of approximately the cam* di>ULncc. 

Houghly the principle iL*rd is tlwi producing of pul- 
sating currcntji of n musical frequency from direct cur- 
rents by means of a tuned circuit. ThU circuit contain* 
a condenser charging dc\jer, n omditi^T and an in- 
ductanec. The *MHidrns«>r cl4U*gtnp *b'vice in set in opera- 
tion mechnnicnUy or elpctTt.ineelinhicnlk , niul, by imaiw 
<il npntiga, is givr-n ft certain de-ftuiH' worlitng f reijut-Ji'-y . 
my MO cyclr-a. Th.n tho indLi.-tanc on<l capacity are 
so \-arwi that the natural rrcniP-ncy ik nl-. .MM) or a 
liarmonic of tho freypi.-u^y of the OM illator. Tim primary 
current (» tran«formt?d Into puUatuig cunrcniH liaving a 
*ino wavo with over t*o |»t-r cent efficiency. A nm table 
analogy can l*e ehouu by having romtttuit ua'.cr Bowing 
out of a fatictt which will nn>n«ciit dirwt current and 
thon having another faucet with water running nut into 
n cup or into a vowel w lu'ch operate* a lever by niran* of 
h*t weight teheii it beeorncK filled. This b-vcr clours a 
viilvo and at the nanw lirne drops and turns over the 
v cacl * liivb release* t \x- water. The release of the water 
oj-iratos tbe h ver in tlw oppoiite direction, due to its 
lighter weight, and the ve^l i,, then tirought up again 
in position. Tim valve is simultaneously opened and the 
water again allowed to Jlow into the veutrl until it is 
filled and then tbe operation is repented. We have 
quantities of wuler thrown out instead of a continuous 
How. Similarly this system operate* on diroct current. 

The inductance of the primary oscillating circuit act* 
as the pri:nary of a high t* tuion transformrir, the second- 
ary di»LuargL> of wlucb pro*liw*w ovilUtiona In (lie well- 
known manner. A quenched spark i*» uw<l of a tj^ial 
design and is mounted inside the oo\ i r of r d- apparatus. 
This gap consist!) of long "»P|kt 1>*m aith ^nif-thly 
plane*! ends placed al>oul tt t»i3 of an im h apart, tbe 
disicharge taking plncv- l^tn^-u the pUne*J end- Any 
number can be eoi)iie«Med by a -aiiHll nhortH'ireuiling 
rod. The induct anc*t mounted in l^ju-k of the iiiHtru- 
rneut,, and I- r»iriti*X't^l to a hoi *irv lunmeicr whieh 
indicate* the amount of j)nv»*T that i* U-ing radiate!. 

Iu expcrimetiU varri'.sl out by Mmn. K. J. Simon and 
L J. b^h, Hit aero fun u*ed to drive tbe rmerator. 
Thi* wiw equipped on board a C'urtiss military hydro- 
aeri*i>iane and ban of about J* kilowatt capacity with n 
50tK'ycle generator ibrii en by a fan 20 inch** in diomctor. 
An aerial wire G(N) feet long was wound on a reel, and 
weighted by a three pound piece of load. This Wftf Uf*ts| 
as tlie trader ami taken in as it Iwcnme mN-esKnrv. The 
instal tali on weighed 105 pounds. It njw found necr«^ar\ 
to attain a fairly (rood Kpetil t*> gencrat" enough 
to operate tli»^ appurutus cffieieutly. 

Tbe question of receiving signals on board aeritplanes 
and UUoutw has b*H-n a very difficult one, for the noi*o 
and vibrations of tlie engine* and air currents make it 
impractical to receive signals with a telephone rvontver, 
A receiving apparatus wm cb-ogneel for the Austrian 
Co'.erameut in wbkh a visible surnal waa n«e*|. The 
operator is able to observe dots and dashes by m^*n% of 
a cm nil light. It is advi^ablr t*i uw Prof. Fleming - * 
oscillation valre. or Dr. De Fonvt's andmn, for tbey act 
tv. amplimirs to the rncrivrd ^ignal^ and air not a*T*wb**l 
by vihratvins. 
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I m i .l. ^iminiit Jii/cjwi' of tbe tUUIjin» nl t.lc(,n> wa« 

HH.TJ iiml xmnll-tirriiK v. irk* linil,.! l\u n: Tli<' ItvlilKH 
i't.v^ntm^Jit h iiliw'Ht uhitlly i1i-|«-ikI<-ii( <in lln- l.'<-\y 

• llstrM f,ir iinn^ ini'l jirriinin.llt. 

mivnitr I 'in K K» H<iti, 
Thr o.Jit C.-MTlll \y-r\- lS.«;..| t . J...Iin «.'.«'li«rll'.l 
1- l,»i,le,l c\t,t*' t.- Ui-;n at Hi- Miiljiirhali l.iwil >'f 
Krniiciir. Onlinaitlv lh,' <'iirkrrlll UV.rk» cin- fluliKiy- 
lut-lit l-t iivr,' llutu |!>,i»M itii'ij. Ill,- ]iriticii«til ooltimt 
i'umsIm* „f .i rtiJ.'l .«." «ii,J <N.ii>t *1ef--li>*» mutrrtitl. IU'l- 
^hiui for u uuiiiUt „f |<»m| linx jiO.int arnj^-rvx] 

i illKii.i (I, ■ r,-li-, s 1-i lirr kllitl fi-rlllH-^i. .n>., anil 111,- mn- 

Jorllv ..r tin- M[..li» >.rr«' Imilt l>> • '."-k.-rlll. Tin- 

>n,i.,Ui,l II. lular, 11,-1,1 i.rlllli-rv \* nl <".« l,. ii:t iiu- 
-.iL'n anil i» kiii.wn a» tlt»< (VcJii-rlll tim. Tin- <-illl. 1 to 
J-,C. iin'l«-s. It, uilillM"li l" fl.-i.l I -h <'.-»;<Till Ul'liH 

• ■lit lam,' ciilllit-r mill. f"i i''ii-l '!■ r.-i ;.. jIUmtih TIm- 
..ut|.iil ut Hi.- C.V.Tlll W..rkH iil»u li.cliiil,-- li.v, m „u,..., 
:.l.-«,il .u,.l imk i-iiiclm.— . nn.l 11 \.nl..l l..l ,1/ nillr.iiil 

,.|ill|.ni.-n'. 11-I- I'l.im I- .ni-lli (li.- si 1:uvi:rt«it Iu 

-.m- nn.l ..iir f ,. tr In II, :flui;i. Min i, ,.f ll'.- iiinrjnni- -.-hi) 
IliHliillnli,.!, |. 11..I us ll.nii.-il) in • ' 1 1 I" [. .mil In -uli. r 

I'-l-ltlllll l-llll.il. lull "f 'IU.- J.'lirs I'mkl-rlll ||:IS UII.llT 

tiik.ii t.i luln.'lue.' idiii.v AiiK-rl.uti nt.n-1 .1 n>- I..*., 111..I 
.*.[.> lull} til....- of llw Jil'...l-iiltl(' I.. I.-:-. I,.K.'(1|..T with 
k .t|.i.l,-r« noil lulling mii.-i.li.. s 

Til.- rn|.rl-|.i. Nutl.M.uk- .l'Ain.^^ <1>- li»-rrf i» kvutril 
• / \t Itvn I 



ul 11,-rsUI, a siilmrL. ot Untv. and <ivi!B miiWo> intlit t» 
.•\,-i- :t,i».Mi p<>i>fil4-. Tht- rill-.-., rlitu<3, aud rcvolivn* 
iltttHl in (lie Ifelgluu uroi> c^lUDlltl , for Uir moxt purt 
fruaj til* I,ln?o (Jl^tlli*!. In mi.) nU'.llt 1.1,-sr nrn Mimi* 
llilrly Oir Onus empKnl I" Hie |^,x1iirUi,n of uportliiK 
iron, tin.- lurtL-si l<.|nit j, r . 1 .11 1< I v tlu- l'1-.in-r Wurks. 

Till, ,-slnl.ll^tiniwil Im- lliMilll,-,| ll«. lilli-Kl DjD-fi of iu.s- 
.-lillu- IihjH ..htuluulili- anil tb.. .-.nilpinL-nt 1» Unvly 
Am^rlt'Oii. Tbr 1'1,'iH.r iildi.t ui.il-.-rtuV.-n lo tlo All n-^rk 
wlllilu [In nh,i|i Elmlti. iKlir-r >ti..]is nrrariL'^ It, Imvo 
u.iik tukv-ii t.. tin. Ui.ni... ,.r ili. H.,rknion, uikI-'t the 

i. l.-ll ll;r.t .iu<ll|,s«,l flinrv',-. nr.- i/nt flt.ilh. At wucti 
J'llitlt-. elliy U^-^'Illlllll.^ W-.lk is ,-iiir:..|l n\y 

U-gf l..sl-l< of 1W" llr.|..rlli.i: I -lilm-lLol workM. 

ii. tmi-lj. lie lx-t.ml.nt »IkI I'-tttr li-liw. KlUI smaller 
I liint, Ju^jiers, luit .■.iiialt.-r. i« ;m-ul.-il Ou-f^-. uli'.l mid 
v...) I»,-t«-i'U 1.1,'Ci* uud Sciiilii^ 1^ lc*i| Ualxlitc-, cow 

tl„- l.-nr tltli'-l ui> sntr eultttu; i>liint* tu «lt Kittope. 
Mi.,.1., i»t wtit <* tin- muvblii.- f.-u :it Mdlilne are of 
Ar.„ .-l<-,ii ..ilalii 'nie wiini- HH,l..„i,-ni inn) nlniiMl umAr 

I . . tl:,- M, I-..-'!,. W.-rku, IiviiIihI 11 «li-,rt itlstaMr lo the 
i,'i"i --f l.l-'jt- -M tlu- t«^l 1111UI0J l-liilit iiLtuiiiit the «i- 
tirr l:i-:ti-lliitl,iii uf t...|s curiti- (r.itn l ulr.-,! stuti-u. 
l b,- ^rv-.^; diii-t-Ii1i.it> w.-rki* known us tli.' M--i|m. >Vi,Tks 

II, v Just i.|il>lil.. tin .-111 «'f l.l,i!.', while wltlllll tlie ci>»- 
lli.o- ...f the ti-iu |>r,>ln-r I- 1 1 it- 1,-i-imrd I^curoutlt-e 
Wurki uiie ->f the ultlenl aud t.,^1 known lu Euro|ie. 

IJetK- In hldi-eil II srout ina.-blm-r.v itecttiiD, und tbo 
ri.,slnis <if nil the .iout- ulunt* may rumnilly he experte.1 



in i-ifiwiiiftjee ut tlie wnr— all tat ibe nun [dunu. uliict 
I lie littler am oe ut lilted mi Mix u» they rail lie heltl 

Ml.il* s ...Mi rnr_si:ii ruin .e7iii*:ltT. 

Tlie sreatwt Imii-irtanen u 9M*rlI>t-it l.y ntllltjiry meu 
H> the port wbK h nel<1 »nliu -r.c will i-li.> in tbe jfretiehl 
slru^ttle. In 1>7» j.-r-tne.. «n» . :VuHj utttelamed b; 
KruHt wedti- l>ii»-k flvlil kuii». Tin- rreinh idnool ereat 
b.^.e« iiu til,* 111 1 II--. SI le use. u f-.nu »f Diudilne pun, hat 
that Weill"..!! litilfd mi-vrubly ut tbe verj' nuteet of Ute 
unr. l'rlvule firtn-i In Kuru|-e llkt- Kntpp, Hkodll, 
-.•line Ider A l -t. und «r<wk<-nil nine etirrfeil forward 
th,i i!,-\tlr.i«i.i.t or tleld nrtlllerv j.;ir by year. Some 
Men of tlie udvnncr* nuitte wu* first eleiiiied by tbr 
«.,rk ef Kreneb pitutt In tbe IUh.t war. Th**e ptee<«. 
.s-tnllv out ratitce*.! tbe Knatliub HtutnUrd ilold iilece*. The 
F'rendi ictiu-i Iti tbe biiiidn of Lite lUmr* n-ere -^ebnelder 
l>|pces tnnnufttrtured at t'rt-u>iit, I rn no>. lit U>e late 
Itnlkun vr..r the Servian,. DUI remurCible »'•»« nlUi still 
l.>ter tunke* of sehiultler 

Tliere U 11 i^d'Olnr l(uiu".--^t..iii Hint tlie Kreneh army 
l« e-iuliil-i'd i»Hli llf>tl kuiis "f tbe t.|-. Duide fntnlUar 
by tlie Nei.Uas fl:nl II ft- Itnt-rs. Tills l-t err.'.u,. <u>s Tbe 
l'rpiieh suveriiiiient min is inattnfiirtureil tit tbe -,-everD- 
tn.-nr ursfttiil.-* aoil ntiiier 1..1 rlreitiustiitK-es .-an It he 
pureh»w-tl The civ-j-.-t »,.-i«.y -.urrouodi. the ntano- 
fnt-tUK. i.f tills ».-!<],. -ti, si).! it Is (he rule to keep (be 
iSUiu well eo-.-lvO wlib Iart-.iullii3 when .111 r*r«de. 
I'n-ii.li ..rdtiuirte olluvts -itii-Ml-ilr-iil till Klein of tlie 
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uiiiiitifuctutv ■>[ tlteec pieces, ami there In do letting oul 
or contracting on th* port of private plnnts. 

Thc Ileal gum In use throughout trie I'.uroponn ser- 
vice* today all employ the king recoil system; that la 
(u say. the gun earrlag* In inintovublo. iu th* case of 
gun* but so equipped there is necessary a running of 
the gun bitti battery agnln after each discharge. The 
long recoil guns have the rttoll taken up la cylinder* 



arraruretnent differs In 
hut (he principle la trie saute, namely, to hold th« gnn 
carriage rigidly In pine*, and to allow the guD to recoil 
ui! Ihe carriage, without moving tin? carriage. The 
energy of recoil is utlllied to run tbe gun uut after each 
discharge to its nonuiil position ud the carriage. 

Tbe effective development of tile long recoil field car- 
riage only liegan after 1SOT. when France had adapted 
her mislcl of ttint yenr. When long recoil was Unit at- 
tempted, bydriiulle transmission wits i rlcd. but the com- 
plication)! proved to be ton great, anil recourse win had 
to spiral spring*. Those springs, were applied In the 
recoil cylinder III layers, with telescopic tulics. Khr- 
hardi, a tserronn artillery manufacturer, tried to do 
without the tuhVH by winding tbe springs lit the oppo- 
site direction, but this system bun but been followed to 
any great extent Kugluhd purchased Khrburdt guns 
during the Boer war, ua ber own pdeciff were rtsnimtsed 

In the lute Krnpp gun* Ibe action of the recoil la 
transmitted directly on a single spring without any of 
tlie complloirlonM arising through affording ttnnamla 
•Ion between recoil and counter recoil. The brake pis- 
ton rod of the Krupp Meld gun In hek.1 in the head of 
tbe crodl* by a nut, und the brake cylinder Is u«*d to 
a lug nt tbe breech of the sua. The spiral spring of 
Battened "Ire sum«iiidlhg tbe cylinder I* retained by 
the liotlom of the cradle in tlie rear und comprr-sscd by 
n collar oft tlie brake cylinder In front. Tbe recoiling 
pun, pulling tbe cvllniler back through the rear plate of 
tbe entitle. compresses the spring. There Is no trans- 
mission, und recoil and eoon) ireful on are of equal length 
suajrxM. riur. 
The object to tie attained by modern field nrllllery is 
effective shrnimel fire. Tlie majority of the Eurtuieun 
Meld pieces bnve a caliber of 2WV Inches and throw a 
shrapnel projectile weighing about 1IV4 pounds. This 
tthrapnel .bell i> flttisl with about 310 hulleta. and ex- 
pelienre abovra that thiwe Millets to do effective work 
asalnut nwm and bor*f*. i»n*1 have a utrlkint; eiK-rgy of 
nlweit "IW foot-pounda The walla of the *>brnpnel sbelln 
are thin, fiiily n email bur^fing elmrtie N necemary to 
tear open tl»e walls and releaae the buUeta. The bulleta 
ilo not KUbl an lDcreaiteil linlietun or velocity Id coli!*e- 
tlileiiL-e of tltla lmnrtlnc of 
the velocity of the Indict* foliowluc the lutrtt u the 
velocity of the abell jin^M-r. 

Shrapnel U burst over ntul short of the object llred 
nt, and I* rtealitned opeclally for u»e uiraltv<t Iroepa lit 
the o|ieii or nlwllered le>hlml livlit eereen* By beltie 
l>nr»t over earthworks, the Imlleit will neutxlt ool tbe 
Iroopo hlK'llered beblnd. The lto.-« found the Eagllith 
-Urapoel mi aearcbinit tlvat tlo-y liuil recittirae to dlcainK 
their trejicbea at u alopc. the Uittnm of the trench slop- 
In K tiward tbe enemy. 

The liunrtloii ax to Hie nince of shrnpnel ile|vnd« on 
tbe initial relrrfly of I he proj^tlle. Th.te U a ittaal 
muni Telocity dependent upon iho firing charge* of the 
II 1» uixlemtoort, however, tbnt the new 
* bate nil effective tturupui'l rullge of U,<WH> 
ynrda. It was i*»t irttiny year* aito when :t.-Vitt ysrde 
was considered a rood r4ira|«nel ranire- 
Ttac effective ue of shrapnel n« In ovlilence to-'lay 
t In the I nlteil .slat™ during tbe civil war 



for long ranee work, nnd gt-apc ntMl canlHter for ctoae 
work, Tne eniini>lieerw xtood up In tbe open. Tlie cala- 
wiii* stt.Hl aljout fifteen lo twenty >ardti lu Ihe rear, nnd 
men ran will, the charge, between Ihe caiwon. and the 

UOHt.\ riDTELTloX TO nrMicrKft, 

All thla la chanted today. Iiistmd of the calxaona 
latlnc In the rear, the Kreneli and Itelataiin place the 
gun caisson* alongside the iron*, and not more than two 
to three feet away. The gutix "re provided with shield*. 

e Brat abol tbe gnu la rigidly plaDtii! In the 
o raen o|ierate the piece, one to iralii and 
Are, and a aecoDd to load and eject the em|rfy cnrtrldge 

The grrn cnbtaon or llmlicr ts np ennVwl rnneh like a 
dump cart, only the ending of the c»i»rtou body lx made 
complete; tbnt In to say. It stamp) aluKist perpcndirtiUr 
to the grotind »rA D.* nt a nlnttt The iirojwtl! 
carried on the march have their heads down, hut with 
tlie rujiultig of the culnton Ulto battery and ltp«ndlng 
the eartrldifett lie parullel to the ground. The top of the 
caisson comdsta of two doora, which swing outward 
when tbe cubtsun is iip-antled and form wind protections 
for the gnnncTs who serve ont the ammunition. 



'I'be buttoDi of IIk cubsou and the wing doom are of 
light steel construction, not over Vi inch In thick Dean, 
and are IraperTlona to aloal-jaclceted hulleta of the 
staDtlard nillltary rltle- 

Thr«-e gnnnern kneel behind tbe protecting bottom of 
tin- caUeoti. They are completely «lteltered front title 
riro. Two of thine men |*-ti i^ut tbe ammunition; the 
third eutu tbe shrapnel fuae to tbe required number of 
Aa a rule the time of flight doea n 

and for ordinary shrapnel service 
Jo to 12 seconds arn employed. It all depends on the 
dlstnnce of the enemy. Uood practice demands tbnt tbe 
shrapnel be burst at a point, nhonc 1B0 yards abort of 
Ibe object Bred at Tlie effect fa to release the email 
bulla wllbln. Tbe buliete (hen matt on at the foil ne- 
iiinlnlnc velocity of the shell in the form of a shtaf. 
and strike tbe ground within a rectangle about tbe also 
of an ordinary company formation. Tbe diependon of 
Ibe hullela U regulated largely h> Ihe ikmIUou of tbe 
Iraraluut tiowder charge. In the coie of some makes of 
shrapnel, tbe bursting charge is in the bead of tbe pro 
JicUIo. white In other dcdgits tha charge Is at tbe basn 
of the shell. Shrapnel shells are In a ninuhor of aervleoa 
provided with percutMiui fuacA In titttHtlou to the lime 
TMn liKitri * ihe lotrsilug of the «ltell when 
> ground. 

R.veir>itv or ocn atavicc 
In tbe Belgian and French plan of placing Uie caia 
wins wben In action along»ide of tbe guns there is 
gained great rupidlty of service, and a rate of fourteen 
to llftecn aimed shots jut minute Is readily obtainable. 
Jtn even hlglter rule of (Ire can be conducted, hot fovir- 
tcen aimed shots are perfectly practicable under vary- 
ing conditions. By keeping the cnl»*ofi close up to tbe 
guns there Is avoided any ej|«j«ure of men In running 
with nittlnunltlon to the itnns. <>)itHtnent» of the |truc- 
tiee |wlllt out that if lite missolt is <-xp)odetl liy a shot 
from tbe enemy it will prolmhly ulso destroy the gnn, 
but there Is Do knowledge, so far as known front ex- 
it the same thing would not happen If the 
i exploded tlfleeo yards lu the rear of Ihe 
piece. The target presented t.y citi»Mott and gun on lite 
same ftout line Is regarded in hardly more daugeroua 
than n tleep target afforded by pUeing lite caisson Af. 
teen >ardtl lo Ibe rear ItiHilenlnlly. it mny be re 
marked that tbe taller liraellee has tiis*n followell Id tbe 
I tilted States aerrlce. lint many artillery orneers Itc- 
Hcve that tbe ItebrUn ami French niethott Is prefernble. 
In the French arul Itctrtatt practice the borsea arc 
moved off to the rear two hundred or three hundred 
yards. If neccsMiry, wlierever protectliui cao be found In 
Monte holUtw of the grtjuiMl. Both the Belgiana and 
French reeort to Indirect fire; that Is to ay, gnns arc 
I or rldce, or. If neeesaary. sunk 
lu pits, and the lire Is dircolnl by the battery com- 
niitltdcr from wherever bt; cult best *cc. U Is not neces- 
sary that the gunners bnve more tbnn tlie range, time 
of night and dlrceilou of fire. Tito Imltery commander 
watches the hurst of the shrapnel. If it Is too abort, be 
fork* ilte objeel Ored at h) an iiiereuscd rnnge. and 
then renclie*. Ihe object on tlie lliirtl sltot liy taking a 
menu of tbe two ranges. Seldom more than two trial 
shoia are required. 

The KrttHi guns train through h degree* of arc with- 
out any ncmutlry for sblfttng lite carriage. French 
gnns lutve greatly lncten«e<l this train by having re- 
course to two additional trail Busks which uro spread 
out V-fsxhlon In rear of the gun. 

rarjtcH ixirto aAMtx at xs, 
It was Gen. Lunglois of the French army who Is re- 
Ltinbsl us the father of rhc pres^it-ihty rrench ttriuy 
l-x'ld 'practice- Tills olhocr for sevfral tiers urats] u|>oli 
the Freneh government the ttcvejopiiig of u gun which 
should superior m range and rupldlt) of un- to any 
Held gun In the world, His arguments und claims tltat 
Ihe thing could he done finally resulted In the War Min- 
istry taking the matter up In earnest I^ingln4s, as a 
prtteltcal artillerist. Iniltrutcd what was required, and 
what should be atrlreu for, and Ool. Inrpout, a re- 
nowned ordnance cjiglneoT. was assigned to work In 
ounjnncdon with him. Tbeae two rJtlceni lutve evolved 
the lleld ploce which France now lw-seesscs ami on 
which France depends for her armies to win in the flehL 
The great rnteaut arsenal ia reaiaaisible for many of 



Krtiiip 75-miUimeler CiM luch) field guns are unequal 
lo attacking armored cupolas such as are found In the 
defenses of Liege. Against such defenses heavy places 
arc Deeded, niai then recourse most be had to specially 
bnllt armored flat cars running on railroad tracks and 
of Miufclcot strength to vtirlistand the heavy shock re- 
colls. Such carriages, It Is understood, exist, hut the 
difficulty Is to triitfc?iK>rt these armored trucks to the 



builders lo know that American nratinal tools constitute 
Ilte bulk uf the etinliKnent uutlzcd In the fabrication of 
these pieces. 

I^ord Uo1s!rts ut quoted as saying that Ihe Boer war 
taught the necessity of having long range guns with 
armies In the lleld. Tills necessity was felt when op- 
to the 

It will Ix. recalled that 
the Kllglish scut lo tile front 1.7 Inch nnd 0-lltcll naval 
guns taken from Prltuvn cruisers and Improvised cur 
risers for Ibe use of those guns on land. It is doubtful 
If any surb disparity will arl-c between Held gnus In 
the various i:iii"|»-s,i services, but It Is apparent that 



any rapid reconstruction. Against armored cupolas of 
the Belgian Cockcrlll ryi* S inch gun>, it Is estimated, 
alone will snfHce, and these S Inch guns approximate 
nnd I 



The Problem of Keklmtr* 

'llixac are two theories of relallTlty which ahould be 
clearly dlitUngvjIahed from each other. One. which may 
be called the theory of remilvlty In the strict sense, is 

moat phyaldala ns lite almplest theoretical expression of 
those facta. Tlie other theory, which may be called the 
theory of relativity In the wider sense, baa little, If any. 
experimental foundation, and la regardtsl with skepti- 
eUni by tlie great majority of physicists. 

t, tnt theo«t or oki-»tivitt i.t the unicr axnar- 
Newton's law. of motion do not bold for a system of 

00- onlliiuiLsi moving lu any manner whalerer. But, If 
the motion la referred to a system for which these laws 
are true, they will be equally true for any other aystein 
whose movement relatively to the first syatem. lit a 
movement of pure tranalntinu with uniform velocity. 

The validity of this pi inelpln of relativity cannot be 

plained by the laws of niecttunlcs. F.Ten without thU 
assumption it Is evident that. If tbe principle of rela- 
tivity in tbe strict sense were not true, certain phe- 
nomena which aro referred to a system fixed relatively 
to tlie earth might be affected hy the earth's rotation 
..r Its revolution around the sun. Not the slightest ef- 
fect of this character, however, has been detected by 
the most delicate uieaeuremeiita. such a» those of 
kllchelsou. 

Tito principle ot relativity lit the strict sense, there- 
fore, has stood Ibe test of experiment. If it long i 
doubtful, and Is still so regarded l.y son 
this Is hecaose It appears Irreconcilable with the electro 
rljitainlenl tlteorlea of Maxwell arul Ijirenti. In par- 
ticular, the constancy of th* velocity of light, which is 
deduced from those theories, seems difficult to admit 

If, for example, the ray of light and Ibe observer are 
moving In Ibe same direction with velocities V and r. 

from the observer's point of view, should he V-r. 

An exiict analysis of the physical meaning of our 
ibita "if «i«ice it ml lime proven that this contradiction Is 
only itpiinreitt. "It rests, *" says Kltisteln. "on the two 
following arbitrary hypotheses : flrsl, that the state- 
ment that two events occurring in different places occur 
slmultnnooosiy has a meaning litdisjicralrait of the sys- 
letn of reference; second, that the distance between tbe 
pliicc* in which two event* occur almnltaneonaly Is 
Independent of the system of reference." 

If Hi*** arbitrary hypotheses are renounced, th* con- 
stancy of Ihe icl.Pit.v of light la-comes Compatible with 
the principle of relativity. We may assume that a ray 
of light mnrcs. rn rorao. with Ule same velocity rets- 
lively lo any two systems of eo-ordinalea whose relative 
iiMivciiiont in i-iio of uniform translation. We need only 
■risk,- :t | »r. ,|soe rloilee of the enualtons of triinsforrantlon 
Unit C"iinis-t the co ordinates of space ond time (#, p, 
;.(< of one ststent with the co-ordinates If. V, f, ft 
of ihe oilier. These equations of Iransforiuatlou. called 

1- oreiitx'* e<|niilioti«." slnoild replace tin* ordinary 
cqnntton* irf Irartsformatloii. whidi were used befon* 
the tltvyiry of rclnHrlty w.ts deTeloiH*d, and which lire 
based nisin the arltitntry hypntheses mentioned a hove. 

Thus the theory of relativity fnmUhes a condition 
which must I* *at!.ned l.y all systems of equations that 
evpress general laws of nature It does no! furnish 
menus of evelvlng natural laws hitherto unknown, bill 
It gives u criterion of universal niinllcubiHty which 
limits the isetsltillities. In tills rcstsst it resembles the 
principle of enulvnlenee. famofs principle, and Pnrlr's 
prlitclple of symmetry. 

Xow titer* Is one domain of fundamental Importance 
In which our empirical knowledge is far too small lo 
supply, even In conjunction with the principle of rela- 
tivity, a firm basis for a general theory, so that tlie 
foundation must be completed by idty-dciil hypothcaea. 
I'ltls domain is gravitation. It Is sometimes said that 
Ihe theory of relativity falls when It Is applied to the 
••vtilnuntlon of grnvltaUitn. but tbe fatlurn appears to 
lie due to th* dearth of experimental data. Kinsteln 
thinks, however, that the theory recently enunciated by 

' TmioUWil from A. Boatarlr** rfw*mf. In /-« Kef** OsW 
mlr drs science- of Rlnitela't BrtMf In Xeteatis, Hay. Itli. 
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atixflcx Hi* principle or relativity, in 
an Interesting tentative solution- In this theory tbc 
xtftQkt (recorded an n coefficient detcTOiliilujr the force 
ci|*>rtcnccd by a lx»ly In a Oold of gravitation I or nn 
I**nlate4 iQstcm. Integrally at rest, in in general a floc- 
luailiiit 4|iMinliy, l be mean value «f which nl any lii- 
rtmil Ih given Ii) the total w of ll* \istooi, Soeh 
ii system wnaW continually nil lonzlludlnnl waves of 
gravitation. Iiut the lo*e or erienry Ibu* aiuied would 
tic far lini xroall to he tN-rcr-ptlble. 

u. Tiir Turner or BrLinviTv is tiik winca srssr.. 
orthodox mechanics and the 1l*-or> or relativity In 
tb»- xtrlct ncose do iMtl hoOVc, In KIiimIcIii'm opinion, to 
ie ut the llllS.orxc Tllllt xallnfle-. a 
In pblluo«|.blcal argmncnls I'or cvnmple; 
"We try In vain to explain what wr menu by the up- 
ccloratl.m or ii Ixnty. We are able lo li.-nne only rein 
live acceleration, the necelcrnllou of «w holly with 
rc»|ioct lo iinnthcr. Iliil, on Ibe • ■thcr hand, we finum! 
twir IlM<-hanlc* on til* h>|*itlie»tx lli.it ii f..r.v • ciiilsct 
Is nxpilrinl to give a In*!) ao iicevleriitUui. forgetting 
tliat no ciiiitxa* liMllcnte what «c mean l<y *ci-i-icrat1uii, 
ItoTMitiic rclarlcc iicrvicratloii» :tn- the .oily w tluil can 
be |«-tfelved." 

Kllndclb, therefore |»rti|PM#^?i lo itefic rullxc tin- theory 
of relativity In a manner I hi, I w III nl.vlutc the I 



"In the first place. I nduilt that nn alotilutcly 
mental part. In socb a theory, inuxt In- nxxUncil to mil- 
venial gravitation. For. rrooi Ihe piwdtui; n-irua rKx II 
follow** tliat every phyxlenl procote*. In-cuime It Involve* 
quantities of energy, necessarily creates u Held of gravi- 
tation. On tin? other liaiid. the obacrved fact ibni all 
bodies fall lo tlw mar manner In a field or gravitation 
suggests llii? Idea tbiit ishydcnt proccfwcs nn> aissiai- 
pllsbcd In a field or gravitation as they would In? arooni- 
pllxhrd relatively to nn accelerated system of eo- 
ordlnatcx (the hjpnthoDlH of «n,ulvnl»ii« i flartlm 
from thin r>inoe|Hliiii. I reach ihr cmicIuhIimi that tlir 
rcliiclty of Mitlil -lionhl hot be revanlm! m* Independent 
or the <nivllMlli.il |ioteii<lal The principle of the voti 
Htabcy of tile yelm-lly of lleht, tliererorp. In liirompatlble 
with the. hypothe>>l« or eiinlralemv, amt eoikfiiucntly, 
nllh the lhri>ry of reliillvlty In the Hrrli'l m>n»>. Thin 
I »•». IM to reward H"- llwury of relarlvUy In the «ulet 
wn»e ax ill.|ill>nl.l.> only lo rewliilix In wliMi llleTe »r.' 
no |Mire*-plllile <HtTer«'iioefi of xravilnllon iM'lehtlal. 'Hn' 
theory or relnt|v|i> in tbe Htrfe-t wHim* hIiouM Ih* re 
pliloed by it mure icetH-ral llieory u'hlcli Inrliide*! It as u 
lllililiint aiw" It U illlllciilt lo give even n viittne bhii 
of IIiIh icenenillri'd tlM*ory of ri'Iullvlty, whli-h nrei»s.l- 

nnilbeitiiilleal iinnly^|». T|» theory enableii nx to re- 
plniv tbe kDnivii oi|ilntloriH of pliytilo by odii^r o«|lia- 
tlnnx n'hleh nee valid for nil eo-ordlnatrM of *t|>aee mid 
tliiw-. Th»->»> new ft'iuiUon* eiHilaio «|iiatitllle>i whltii 
t^n-l. lo .leii.iieH by the •.>mlwl ;»iiaiid which reprc- 
HelilK Ibe llelil ot ifnirllaHoll. Thin field lltTeeo all 
I tiheiiouclia anil In Iteelf cletermlned by i^iyalciil 
Hence, every phyxlenl j>ri>ei»»oi \n remilnleil 
by tbe itnantitiea Zpy, which, In tnrn, are determined by 
the phyxleal |>rr<viuie>> or the entire milters 

Thl« tlie.iry l» trfe rroni III* plilbeeiphlrnl ■ibjinlbini 
mentkoHil nlH.ie. 111 iHirlle nr. Hie oiunllou, „r uL.tinn 

or iMtav) mil-™-, eontaill, IMl al^.lote nerelenitlolri. hilt 
relnllve lo ollwr bodies nhlch lire Ihe 



Sletring Vessels by Electricity 

Is the liroeeiillliic* nf the Ainrrlenll Inxlilltte of Kler- 
lrb*al liliirJni'i'rx Hi*' Mlbjeet of bhiTllii: vex>>elH lo eler- 
trk'ally opcratr^l ueiii> w»» i1s«-i|»>vl by II I.. Milliard, 
and a oi.th.«l for e-tanlailtn; the i«.v>er ri-imriil l> 
lilivii The iiiilboe mix- n -liort nivount ..f the early 
de»li;i|Kt, iiihI II ilet**-|-lliti*rti of the reeellt ei|iilpnx>lit In- 
■aalleil III Anierieiiii bnllte^lil|t«. 'I hi' f.tll.iwlni; Miini- 
mint: up of Ine r«-alim-?i or -it.tiin nrel elii>trliiillv driven 
Selir* ruvern tile lM«lnt» ill*i'ov^»l. 

Anions the ill-jiilvantiu'i « of iii..|,-n, nenm -iteerlnt; 
lenr the author mention. : ill l^.ni: lenctha of xteam 
laplinr mid liutBliii:. mid ii-- Iti leniiHTiitnre of N uiei-M 
lliroiift, which plpinii |iik^. ui W.iitn^e of »teutn. 
ax »leum xti-crlni; nv»r liik<- full vtr.ile, uml the valve 
xettlln; I- often «w ll that -Low Ih nlut|i-> blimlns 
IlltiOUh the en-due. I/H The eloilli.- tnllit l»- dl-xlBninl 

f-ir the iitnlmnin nork rninliiil ,,f it. I e. nlu n rmliler 
Ih III nun I Ilium llicle. ill Sel.-re -.Ir.-.--.-. .... rmlpr,. 

•mlii* !•»«» dix' t" »"»l>leii ,i™ r.«-e ,>r l.a.l when rod 

* T >••■"- k "IWrnl l.~ili..II. »l.< ll: „l e,.,,,,,,- 

tliaix fi..in l.ihlue to ,Mi|.liie miee n r. a «.i.iliimi| <,,iirrr 
of trouble 

.■-KJiltixt (lu-e.-. tin- ndvuiilai»-x..f tin- . -lilt rl<- drive are 
ill He.|.utbiti of n-elxht noil ~,mt\- veenpled I.) .lrlvlnu 
mechnnl-in. <'."i Snpj.re~.i,<i t .f hrot In cuiiiuirtiiieiit-. 
I'M rilmlnallou of m. I.I. i.Ih due lo l.ui>t >t.-ain plpen. 
Hi l:odiu-i|..u i.r i Ibratlon nnd noise. (,-,| More efll 
elent miH'luiutxin mwl the .rterl.vid ctiimettv at Hie niolor 
Cllll l»e UH.M In i-ilreme ixmHIuiw i.f tbc rudder. ^> 



Siaiplllleiillou of control from brldtte- 17) Ineroaac In 
rni-idlty nnd accuracy of reafniQJ* or tha mdiler to 
moielni-lilx of tbe .v.i.tr-.lllnii inectiniilxm. 

C»We Convey or Syaten in Belgium 

Ttir. nell know 11 t'in'kerlll tneUlluncUal rstabllnlitoeiit 
of Sentlng, Itelitliun, hnx In use a cable transporter ot 
the Kiht xyvtem n-hb-b rnnkn among the mont exti-bsdvc 
the kliul In i:nn.|«- Tli» tranannrter works over 
7,imi r.Lt In l.iiaih. ami has n difference of level of am 
feet between xtart nnd flnlxh. As much as l.V) lo lfttl 
tisin of innlerlal ia a r lumr la carried, and Uie KUsin-oited 
«ars lake a xtaudnrd load of 1 Ion each. On Its way 
Its- Hue na**** over Ikoitnex and xtreets of tbe town, nnd 
.in nhii.ei nil the ixiiir>e It uaes wire nettlnu awlerneatb 
lo protect iiiiiImhI any falllnit malerlal. Wltetl at Ihe 
end of the Iniyeol. the curs lire aiitouinll.Tilly over- 
turned to ill-n-liarire tbe load, then |mw over tbe cable 
mill tifli-fc to Ihe xtartlnj; |Kilnt of tbe line for reloading. 
At pn-seiil the traii-.|nirtl»K xyxteai l» nnuilQW day and 
uiirlii ami I- -sH to liandle npwardx of :itKil Ions of 
material |»'r iwenly-folir llolirx. 



(finmapmtilnirp 



I 7 ac rdiforj arc nol relpo««l6/r for •fafrnei>f j 
In tar rorrrupvjFMtcnec rofumn. .Anonymou* eon 
eatfonj canaot tic roiutaVrrd. bat tkr so met of 
rnonifenf* will tte irlraaef**! if Acn ao aVatrcs' 



A Iteam Which Is Made Stronger if It Is 
Apparently Weakened 

To the Kdilor of Ihe SciEsnric Amsrican Ri-prtaiiKST: 
It soimdi itratitt-c that a beam of triafUTulnr crow »ee- 
linn. as almwn in FUt. 1. In ntft-iigthened t>y being ap- 



|»re>itly 




The aeeliun iti'iduhin of a triaiufular croaa ievtlon 
r'it. I is: 

if H n pn^nm thr Iw, and « the altitm!*. or the Iri- 

If AieTt of thr trianffle in cut off pomlbil to lha t 
am AlH.wn tn Fig. 2, a irn peloid rrmamn, tbo arertion 
11 WMl.it 1 1* uf whieh in: 

^ (lA'-rfihfu-rfc.t 
12(» f 21.,) 
in wln< li h, lepreoeiiln /J-* 

To judee by *c din«trania, one in inclined la think that 
the wotion mcnluliiH of the loll IrianmiUu croaa aention ii 
lancer, but lite inuirsry M tbo cm*: namely, if 13 per enpt 
of the altitude of tbe Iriancle is col away, the rent of the 
emu suction baa a lancet nelion modulus, which exceeds 
tbe one i»f tLc trianitulac sei tion alwut 10 per cent. 

II " /f * - z, hence 

h - ill. h, = (1 - r>«;» - (I - 
TlKse valiK- ino rted in the fonnula for 

(;.->«• (Vr.l - + 11 - »^«' 

I2..axi»-r2<l -*..»» 

/)//• j' i I'j' - l!r'+ 2t + 1 

„r.^- X'-'X 

•.>! i+2 

.* S, - .s x K 

in v,l,K-h .S re f ir.~et,i- Ibe xietion modalus nt Ihe full 
eros* hih'Uoii and 

( s-+->S - tic' I 2r+ t 



New York. 



Onn Fllical:- 



Brazil and Inlerulioaml Legal Time 

to the Editor "f Hie Si iistmc Anr«i< «s Si rricMrsr : 
In Hie s< iiiTirn Auvairss Si crixuKST. Nn. awn. 
i.r Jlllu- of thlx yeiil-. I read, oteler Hie heaiUllE of 
• U'nul flail- tu Varluua CouutrUw," au article by |>r. 



M. ltillljipvt. In which 1 noticed an important ov.-miibt. 
and tbui U In your hnvlnit otollted I.. Include ftraill In 
tlx. Ilxt „r liarl.gia which luive nibitiled Ihe Dew system 
ot official hour, 

Kor tbe xiikc of tin iiiformntlun and no that yon tuny 
In' well |-^<ted. I lake plciiMiro In advUiiii; you that. 
r.«itrnry to wluil U. suited In Ihlx article. In Jane of 
la-t year Ibe L'onieress aw.rove.l the ln» of lcir.il boor" 
nnd. llM-refore, since the flrxt of Januiiry, lfll-C this law 
Iuk icudi. Id fiHTce finr the axcertaibinx of tbe legal time, 
bavins tbe meridian of fJrcctiwh-b a* inuln hnxls 

In neconlaoee tborewllb. Ilraltll sin divided Into four 
dlxtlnet scetlous, Mir Omt bnvinc lit let's! aame llf that 
or IJreeuwIcb lew Iwo lnnim. and the In nt net-llou. the 
time In t» be dlaiiDlnbcd five hour*. 

Therefore, xlnce January. 11114, l!ni/l] has udoptnl 
the i4llrltll hour. 'Hilx dectxlon will bo dimtit fiu-llltiite 
In esletit tbe commercial relations, for, an ubove nieti- 
IbitasL Hie wluile of Uie lliinlllnli territocj wax divided 
Into four sm-tUina. 

Tnwlns this luformntliiti will be of mine value for 
your cmnbelioM, I tietf to remain. 

Rio de Janeiro c r .a nonrjj/i. 



Wr. wish to call attention to tbe fact that we are lu a 
poallioa to matter competent services In every litsiieh 



oualily trained to prrtwre and proaectite all putent ap- 
plications. Irrespective of the complete uulure of tbe 
nub)ect matter Involved, or of the tls-cia ILzed. trcbnleal, 
or eclentLQc knowlolfEe required Iherefor. 

We also bava aaaocUlea throuzbuut tbe world, who 
aaalat In tbe prosecotl.m of patent and trade mark Ap- 
plication, filed Id all coonuica rorelgn to the I n 
Stataa. 

Mcxit a Co.. 
"slcal golicittir; 
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New Theories and Facts Relating to the History of Organic Beings 

By Prof. Wiliium Bateson 
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uatg mentioned (be eon 
■bd plants which are 



Iltlon 



of certai 
we call 



"poly- 



lo lit- offspring: and If a factor wan rmHrnl from one 
pamit only, not mare thau half the offspring, on an 
average, will Inherit It. What la It that hua so lane 
prevented mankind from discovering Midi simple facta? 
Primarily the clrcnmstaiH*e tbnl as tuau niust have 
<«ro pa rod Is It la Dot (sxtslbte unite easily to detect the 
■ of each. The Individual body U a aoufcte 
c germ-cells ara mnflf. Two germ- 
eells unite to product* each individual bod)', and the 
Ingredient* they respectively voutrlbute Interact la way* 
that I rare the ultimate product a medley III which It 
la dtncult to Identify the Keren) Ingredient*. When. 

'Beet-, are conspicuous the task 1* by 
Uhle. In part also even phy>du4uv:t*t* 
have been blinded by the survival of ancient mid ob- 
srarantkrt concctithsns of the nature tsf man by which 
they were dtstsaiirugrd from the application of iiny 
rigorous analysis. Medical literature ntlll abound* 
with t raced of the** archaisms, and, Indeed, It Ik only 
guile recently that prominent hooe-breeileni ha 
to aec that tbe dam matter* a* much as the Hire. Por 
them, though vnst pecuniary isinsldcrntlorts were In- 
volved, the old "hnaiunriilua" theory was itoud enough. 
We were mitnswl nt Ibe notions of genetic physiology 
which Prof. Baldwin Speti.-er eix-ountered In his won. 

lung the native* of Central Aw- 
bnt In truth, If we reflect that the,* proMeUM 
- engaged tbe attention of civilised mnu for age*, 
the fnet Oint he. wlUi all hi* powerii of recording ami 
itedisr-lkiii, falleil to dim-over any i»art i>f tbe mtindcllnn 
systrm Ik almost aK amaxlng. The popular notion that 
liny parent* can hare any kind of children within tile 
racial 1 1 mil. I* mutrary to nil experleii.-e. yet we tune 
irrarel.v entertained maoli Ideas Ak I have wild else- 
wlwre. the truth might have been found out at any 
period In the wtflMV history if only pedigree* bnd been 
drawn tbe right wny up. If, Instead of exhibiting the 
successive pair* of progenitor* wl|i» have contributed 
to the making of an ultimate Individual, some one bnd 
liad the Men of netting out the posterity of a single 

• «• *4,lr*.s .l.U.-i-t St Syiln-T, Atir.tr.tU. tiy Pr»f Wll 



aw-estor who possessed a lanrkwl feature such n* the 
Hobshurg lip, aud showing the transmission of this 



.if many types, t bough they breed freely together with 
perfect fertility. In cases of thta kind which have lteeti 
•Uolrlehll) llivcstlguted It baa been found that tliene dl-*- 
tflKtlortw- -sometime* very etchI and affectluic nited ill 
; of organization are due to the presence 
of elements, or fiictora a* we call tbciu, 

Thiste factors and their eooiblnatloi 
ncterlsrlc* whk-h we perceive. No Individual cun ac- 
quire a Itartkmlur characteristic ualeaa tbe requisite 
factont entrred Into tbe composition of that todivldual 
nt fertUiiutlon, being received either from the father 
or from the mother or from both, and eoniteauently 
no Individual can i*>« oo to bin offspring positive char- 
acter* whk-h be doe* not himself jsieet-is. Uule* of 
tfalK kind have already been traced In operation In tbe 
human specie* ; and though 1 admit that an asiumiptlon 
of some magnitude »« Involved when we extend the ap- 
pllcalt**) of Ibe same 
ll> general. Jet Ibe assumption 1* hub which I believe we 
are fully juittifled to making. With little 
can now declare that the |iotcntlalltlc« a 
phyNUral aa well an mental, net. colore, power* nf work 
or Invention, liability to dl*eaHe*. po»«lble durulloo of 
life, and the other fcatum tiy whk-h the niember< of a 



from the moment of fertilization: and by all that we 
kiuiw of heredity In the fojua* of life with which we can 
experiment we nre <itmpellcd to believe that thene quali- 
fied are In tbe main distributed on a factorial Kj-*lem. 
Ily cbalhgea In the outwanl cotidltloDK of life the ex- 
pectation of Kome of tlirttc | lowers tuid features may be 

an external opportunity la needed, nod If that be with- 
held tbe character U never Keen, any more than If tbe 
body be starved can the full lielght be attained; but 
itucb tuuuelleeH nre HUt*eruVlal and tlo Dot alter tbe 
genetic constitution. 
The factor* which the Individual receive** front bin 



losa of tbe feature Ul isillatentl*. the 
••»*cntlal truth that heredity <*n he rxpreKeeil In tenua 
tif •►re*ci»oc aud abtellce nnwt have at once become ap- 
iwrent. Kor Ibe deatendnlit U iii'l. a» he n|iiienr« In 
Ibt* conventional pedigree, n sort i>f ik-iI Into whl>-b 
each tributary a ox tact nil Klream bua iwiured nomelblng, 



taken from hl» progeoltoxn In »nch a way that «omc In- 
gredient* are repre4entt.«l mid i4lieni are omlttt'd. 

Ijt* me not, however, give Ibe Impiwlon that the un- 
ntrellnc of xueh tlearentH Ik easy. Kven with fairly 
full detail*, which In the cate of man are very rarely 
to be bad. many compllcatli>n» occur, oftiti preventing 
<ik from obtaining nmre thnn n rough genernl Irullcation 
• if the system of descenl, Tlic natnre 'ir llie*e i-omplica- 
tions we partly underHlniHl from our rxiierieiice of aul- 
nml* nlMl planta which ttre amenutile to breeding under 
careful rt-Miictlonn, nrwl we know tbiit tbey are mostly 
referable to various effect* of Interaction between fnc 
ton. by which Uie presence of .siuie Is masked. 

Nt*cea«arily the clearest evidence of regularity Ul tbe 
Inheritance of human characteristics has been obtained 
in regard to the deacent of marked nnnonnalltle* of 
structure and congenita.) dlaeasisi, tif ibe itescent of 
ordinary dlstluclluiis such a» are met with In tbe nor- 
mal healthy population we know Hide for certain. 
llnrvdV evitlence. that two jstrcoU liotb with light col 
orcd eyea — In the strict senae, meaning that no pigment 
I* preeent on the front of the IrU — do not hnve dark- 
eyed children, ntlll Mand* a1mi>*t alone Id this reKjiect. 
With regard to the InberilAitce of other color-charncler- 
lNtlca womc advaDee has been made, hat everything 
points to the inference that the genetli-. of color and 
many other feature* In man will prove exceptionally 
complex. There are. bow-ever, plenty of Indleatloua 
of system cont'mrable with those which we trace In 
various aidmala und plauta, and we are atnrured that to 
extend and clarify such evidence Is only a matter of 
careful analysis. For tbe present, In asserting almost 



reservation* for possible eiceptluas. It Is 
tantalizing to have to wait but of tbe ultimate ratult 
there can be no doubt. 

I spoke of complications. Two of these nre worth 
Illustration here, for probably both of them play a 
great part In bumuu genetics. It was discovered by 
N'llaHHvEhlr, In tbe course of cx|ierlmeDbt with certain 
wheat*, that several factor* having the same isiwer may 
co-exist In the same Irullvldnnl. These cumulative 
factor* do not necessarily produce a cumulative elTect, 
for any one of them may suffVee to give tbe full rcsult. 
Jiut as tbe pure-bred tall pea with Its two factors for 
tallneas la no taller than the cross-bred with a single 
factor, so t1>e*e wheats with three pairs of factors for 
red color are no redder than the ordinary rests of the 
Karat* family. Similar observations have been made by 
Katft and others. In same cases, rut In the Primulas 
studied by tlregnry. the effect Is cumulative. These 



of the mulatto. If Ibe destvut of color In the 
hetween the negro and the white man followed tbo 
simplest .rule, the offspring of two llrst-cro-M mulatto* 
would W. on an average, one black : two mulatlos ; one 
white, but lids Is m-torlously not so, Evidence of some 
segrcgatitui Is fairly clear, and the detlHeucy of real 
whites may perha|e> bo utvuuntisl for on the hn»thesla 
of cumulative fnctont. though by the nature of tbe case 
slrU-l iu*is-if U not to be had. lint nt presenf 1 own to 
ii preference f*'r regarding siK-h exnmples oa Instances 
nf imiierfect segregiilbiri, Tlie *erle* of genu cells pro- 
tlured by Ibe cross-bred consist* of some with no block. 



qiianlltles of black. No statistical test* or the condition 
of the gamete* In sirsh cn*,» exist, and It i* likely that 
by choosing sulliiWe crxvvses nil sort* of conditions may 
Is- fonnil, ntntrlng from the sluijitest cast' of txttnl tsegre- 
gallon, In which there lire only two forms of gametes, 
up to th"*e In which there nre all Intermedin tc* In rarl- 
it least Ib vtlat general t-xiieTi- 
leads me to anticipate. Segv,-- 
gallon Is somehow effected by the rhythms of eell-dlvl- 
sl.m, if such an o\pre*«lon may be permitted. In some 



ens*-* Ibe wbtile factor is so easily sejuirattsl tliat It 
l> swiin uut at once; In olbcr* It Is so intermixed that 
gametes of all degrees tit purity niuy result. That Is 
admittedly a crude metaphor, but *s yet We cannot sult- 
Ktltute u better. Ite all till* as It may. (here an- many 
signs that In hunuiii hensllty pltcnomeua of Ibis kiiMl 
ore common, whella-r they lii.ll.iite a miiltliilK-lty of 
cirmulatlve factor* or imiHtrfrstloos In segregation. 
Nuch phencmieua. however. In no way detract froaa the 
that segregation tsriirs, and that tbe 
Jin.-*, mi a factor which it ha* not Itself 
receivetl. 

In huiunn heredity we huve found some examples, and 
I Isslieve tliat wc Kball llnd iistiuy ntore. III which tbe 
desifllt of fuctors Is limited by sex. The classlcul 111- 
slauis-s are tboee of color-bllleliies* und biemoiiblllit. 
Moth tbeee ct'iidltlotis w-vtir with much greater fre- 
queits.-y III males thnu lu femati-c tlf color-blindness 
at least we know tbnt the *on* of the c»lor-t>lliid man 
do mil lnbertt It (wile** the njotber is u transmitter) 
ami do not transmit It i« tlielr cliildrcu of cltbcr sex. 
js.m>e, probably all. of the daughters of the color blind 
father Inherit tbe character, and though not themselves 
color-blind, they transmit It to some i probably, tin aD 
avr-ratre. bnlfl of their offspring of both sexes. For 
since tbese normal-sighted women have only received 
the color-blindness from <«ic side of their parentage, 
only half their offspring, on an average, can Inherit It. 
Tbe sods who Inherit the eolor-blliidneas will be color- 
blind, und the tiibnriUlUT daughters become themselves 
ngnln trnnsmltter*. Mukt wltli normal color i Won. 
whatever their own isirentagr. do not have color-Mind 
descettdaiitH. uuless they miirr>' transmlttlujc women. 
There are points still ikiubtful In the uiterprclallon. iHtt 
tbe crltk-al fact Is clear, thai the germ cHLs of the etdnr- 
Mind man are or tv>« kinds : (11 those which do not 
carry ou the affection und arc desilnetl to take ■«.« In 
tbe formation of sons: mid ill) tlutse which du carry 
ou tbe color till ndticss arsl are ilestllml to form diiilgh- 
lers. There ks evidence tbnt the ova also nre similarly 
predesUned to form one or other of the seit-t. but to 
dlKi-nea the whole iineetbitJ of seX-tieterminatlon I* be- 

afTectlolls neverlbetess culls for mention here, because 
It Is an admirable illustration of factorial predestina- 
tion. It moreover cxempllne* that pstiardl pofartty 

of the xygote to which 1 alluded In my flrsl addreas, a 
libctiomenoii nhk-h we susjs-ct to be at tbe bottom of 
various anomalies of heredity, and suggests that there 
may l»- truth In tbe popular notion that In > 
sons resemble tbclr mothers ai 

As to ibe dcsi-cnt or hereditary disease* and malfor- 
mati«>ns, however, we have abittidunt duta for deciding 
that many are iransuilllcd a* dumlnaiits and a few as 
recessires. The most remarkable collection of these 
data Is to be found In family histories or disease of the 
eye. Neurology and dermatology 1 
many very Instructive ptsllgree*. In great 
tbe ophthalmologica! material was collected by Rdward 
Nettleship, for whose deutb we so lately grieved. After 
retiring from practice as an oculist he devoted several 
lahorUiu* task. He was not content 
with hearsay evidence, but traveled ^nl^etatnntll. per- 
sonally examining alt accessible mcmlteni of tbe families 
concerned, working In such a way that bin lxdlgrecs 
are motlels of orderly olierrvarloii mid recording. Ml* 
zeal stimulated many younger men to take part In the 
work, and It will now go ott, with tbe result that the 

- of descent of all the common hereditary dls- 

twscs of tlx.- eye will -K«in be known with approximate 
ais-urai-y. 

Olve n little Imagination to considering the chief de- 
duction from thl* work. TerJuilcul details apart, and 
granting thai we ciiiuiot wholly Interpret the numerical 
results. Komel lines notiecubly more and some times few- 

tneudellait f..miula> would Hellcute. the expectation I* 
that In the •^*se of many diseases of the eye a large 
proisirlloti tif Ibe cliildrcu. grandchildren, and remoter 
dcs-vlirlsnts of the jiulicnU wilt be affts'tml with the 
iIUttcsc. Siflietliiies It Is only defective sight that Ik 
trniikiiilttod ; In other It Is bllndnes*, either from 

birth or coming ou ut some later age. Tbe most strik- 
ing example i» rhans Is Hint of n form of night t 
still prevalent in n illstrl.t near Motitpelller, which 1 
affected at least ISO persons, all t 
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gle afftvted Individual 1 who cum* Into the roan try In 
The tran«nl«iloo I* In *very 
irenl, urn] iw uomtal baa 
born known tn paw oti the iimdktion. Koch an c.atnple 
well »cnwi to Illustrate tlx- fixity of the ruins of de 
event. SlmUar hmtauee* mt*l.t h* rMte-1 relating to 
u ereat variety of other i 



At varUMu time* it ha* I..-. 
rM»rii njijiil, mil) ihflt til* liH«4|Uiilliy I* t.ixmjrht nbout by 
mitiiiwil tipuortiuiltle**. Anp.aii.laik>? with tlio pedi- 
gree* of dbacarte noon *nim«* (Ik* fatuity of Hueh. fancier. 
The *anie iHiuHiLtlmi, »e nmy tn* >**m\ *r<iuld re*iilt 
from tlie true rr.ire*utJitlou of tin; ikweiit of any 
huntnit family, Never wliu-c Unlim* iHihtlmlloiu: nin 
tbe mader have lii-en hi any ilunht- At the lime lw 
lw>£jiu to KCUily family hl».«rb> i-vhi tlu- broad *ljnilt|. 
eance of heredity wax frequently denied, and rp*em- 
bluiww tu iNin'ivtx of anevnt or* nt'W looked on a» Inter- 
ustiuj: curioaith**.. Invehchliuc a ten lust hereditary polltl- 



i Unit of an -Ju-mlliiiry wi*e man." or an 
"hereditary mathematician." and to thl* day I *upt««» 
many ikhj«iiI« are not aware that lie In ^aylnc anything 
more than cuniiiioaly fmrtUlL We. ou tin* wutrary, 
would feel It aumcthini; t>f a pnixJe If two ixtreur*, 
lM>th matliefaaUeaJly 0ftnl. had ony rbUdreD nut mathe- 
matician*, llnltmi nr*t •Jftnniixc ratal the r.verwhw-lm- 
liic iw|H>rtaiboe of Mn*e eir.iMtdi*rnti.«iH, and lin-1 lie not 
l»cen laWled, ]Mirtl> by ihr theory uf i*ti.Krtiet>b>. but 
luore by lib* mtitlMrinutlcal IriNtiwt* and training, which 
prompted him to nppb' statistical treatment rntber than 
qualitative analyse!*, he niU*bt. not improbably, liarc JL»- 
emored thi> fttxenttal fn<*U r«f inriMU'llxiu. 

It happen* rarely that «rh-i.ee hat. anything to offer 
to lite comiuoG rtovk of (dean lit <.iu* «i> c inn prebend v,. 
mnJ .to nlmi4c that the cmirtte-* of our tbnauhts uri< 
charter*!. iontrthutlotiM to tin- material proves** i»f 
mankind ar** iNHnpiiratlvvly frotiuraf. Tboy ri-*tiilt tit 
oiw.1* In ap|>11entfo», Trim^t Im <piu-kvi>«il : «.«MiniiMrtbii- 
tlou Lt made t-a^k-r; the food-tttipply Ik ia<mis<*i| mini 
l«H'i»l«tioji multljillr^l. lty dinvt apiiliL-atlim 1o tl M > 
hrwdlng of anlmalD and plant* *'K'h n^nltji mn*t rvnii 
How from MpoiW'1'*. work. Hat 1 huapliii* the xri-at^t 
praiilcal r-liangf l(k*«ly l>< i-it-a*- frinoi nuHtern shhIIc 
disouvery will l«? a <|"l* knifnn of inU-rrrit In tbe true 
nature of man and la the bSottiey irf nww, 1 liave 
xpokon 4**utlon*ly "* t« ttu* frldrnw for tlic njM>rutloii 
fit any nlmi>t<> lui i^l^lliin styKti in in tbo drewnt of bnmni) 
faoi3ty ; )**t tlx* ^vrtaiiity that syntcinti whb-h dlrTcr 
frum tbe t*liri|0t>r *» Jatnr* Miily In ilriftr-e of i^oinpli*\il,v 
an* at wi>rk In the <tl*ttilmtUm »»f churactr-rx anions 
thft hanun t«nmtat1f*n niniuit fall to Inflnrarr nur otm 
t*lKlr rtl M .>f Uf*. an.) i,f oUd.^ loading prrhaiw iiltl- 
imilHy t') niodlbnitlon of nr-^il >i^g»> Ttiat r-tumgi? 
uniiut but be In the main oi*e of ttbiiH»>^*a(i"H. Hie 
ricbterntli criitury nmile icreat prelriitie of a n-turn t» 
iintnrr, bat It dhl ant nrmr to Uio«r pHlliHtt^phcm Itmt 
in Inijnlrp wluit natnrn L«; and prrliarm nr»t *»v**n tlbfi 
imtrMli* writing oontatn fnntflHtpM om. h furthor from 
pbr«l^ocl<-al tniib than tbo*e wi.kh tlie nUlonalMn 
*.f the "rr*ry.-topnillu" mlnirt^l a-t tbr U><1< of tbelr 
snciiil *m'Iu-iuh*«. For men un* »o far from iK^lng bora 
**iunl i>r Nlmlhii' tluit ti» the naturnllxt rhry »*taiwl am 
tile very tj|«- of n iM^ynutrphlr »ra<cle», Kven moM of 
uiir loeal ra>T*« nrtmint of inimy dint In* t stralnt and 
iDtllvliliiat tyiieti. From the iKiiailtttlon of any onltuary 
lluKlhtb tnvrn a» many dlatlurt hmiuin hrmls i-cmbl In 
a f*w ^iMtratlntm b»- l«ilat«l an there- ar»> now tov&U 
tif doffs and lihh«i«l unfh a p<»tailatMi Ui 1(h pre^-nt 
Htate Iw niiH'h wltat the di»tf>* of Earope would be lu 
ten yeatV time but for tin- lliterferetjee of tlie fiiacirr*. 
Kvrn ax ut iireM'nt cxtiu«<ltut<*il, owing to tho lxnlntlng 
»»ffo»*t« of Iruitliwi. fiuhlna, omiitatloa, and bopUiI dawi. 
many lnel|dpnt *-trala»i already exl*t. 

In oue reMi^c-t elvHI**d amn dlfTerw fr.tm all other 
KIMuIrs of animal or plant In that, having prudi^fouii 
and ever-liK rra*lnc tM>wvr orer nature', be Inrokct tbef*e 
Itowpr* for trio preservation and mabiteaanrr of many 
of tlie Inferior himI all the drfoetlve uwiulwra of bin 
hpeelet*. Tin- Inferior finely multiply, and the defective, 
If their defretn U- not ko grare io< to lead to tbelr 
detentlou In prl.imet or asylum*, multiply iilno wlUmiit 
rewtralat Heredity being xtrlet In it-* action, tbe cotw- 
(tueiHHv are In ritlllxod eouatrlfn nnn^h what tlwy would 
be In tlie keurn-h of tbe <lox-broo<ler who eoullumil to 

of defei'Urr< liivrra-H *. Tin- Incren-a* bi no iNinsldenihlu 
that oat>tde erery irmit city thrre ix a xmiiller town 
Inhabited bjr dt ^i-tlvM tind those who wait on them, 
Itomid I-oiidon w hove a ring of mkIi towtu with anim> 
.WOO Inhabitant*, uf w botn iibont »H.«on are JefW-flve. 



' Tit*- ftt«t riuitiftit -1* ■» — c i-ruwd to taiyjw M«tu^ U»u rulf» 
wi« llinl ut H •.rt..(iM ttJiIfr.rrnii'Uu t>t tliO baud »l.i.U*.l tij 
Vlir»tK.. la Amrvlr* I-rlniwl.-r kuIoi^wbIIt wi.rlt,^ out 
pwllirwM for tliv =r.iir«.rtmnu. U lu RawUuil A((.-r un; 

txrtr l^ll* ID' Hint a* ■ •mpj-n'rtrd la 

• AncrK.D f.n.llr »na n«r ot h., <.»» bud 



!urs«ly, lliiiuuli nt murx* lijr iw mMik« I'litirrly, lirwl 
f ivin vtvt luiw Ki-uvrutiuD!! of tWit'livm. Now. il b uat 
for uk lo uuUKMrr prai'timl mcmoro. Sj, mm of 
Hi'U-ii'i? W4- 4(U»cr»r natural ctvrau «nd dntuer cnwla- 
yUtikx from tlimi. I mmy porlU[M be allow^l to uf 
tlmt tlie rmi^lt^N j>rui*»e<] l» Aiofrk-a, In mo fur an they 
nhii »t Mir MiKriik- rt'inilutioo of m»rri«»c uii a cum- 
|irvlH'iia|n> wnlr, »trtk<! iiw «m tlnbwd irltboul neurit 
lo tin- iirrf. fttlirr of lortlvWiiab. or of a 
1'r.douliudlx If <h-y .l^.k. tn bwi lh*lr 
i.r ni* unir.inii imrttan Kri'j. Uwy «u do it III u few 
m'livnKioiiH ; luit I doulri if ttniid r»]i«.i'tabilily will 
liiilkr a uiitUm titi|<f»y. ittMl I am son' Itiiit qunllUm of it 
iliir.-ntit sort an> Dimh-d If It b; to rrmi|H'tf vl'ltJi fiKiro 
vlKnriKjji iiii.l iu..rr viirlrd comoioiiltlw. Kveryooe ini«4 
huvi' a nrt-llroifiiiry *<yiiiiiiilhy nltli III* flliiiH of t'UHrti- 
l*ts Itilli atiroixl iiinl at tioai^. Tllt'lr effort* III llH* 
l«a»t ii ro doing »oui<-tblii* to dlwovrr and avreiul truth 
ii* to Ibe |diyaloN<irlail Htruvturc of «.«'lrty. Tbx stitrlt 
of Hui-b orxniiiiatiouK. bowrvcr, nlmo*t of iMxvwilty 
wITrr. fnim a bt*» toward tbi> n<wpt*d m.d Ibo oMt- 
nnry, and If Ibpy bad power It would «o hard wltb 
ainiiy Introll^iKx of aocli'ly Ibul cvuld Ik ill-simriiL 
I ootHi* mi oiuiuouv iiHJMUttv la which errit Oalton. 
tlie foODd<*r of rufuulcn, finduiK prrhnpft itooia twinge 
of bU Quaker uuomtry, rrmnrk:* that "ua tbe Bohvnlao- 
bau In tbn nature or our rare I* defined to iHfrbdl. tbe 
It gow. the lu.|U'ifr Tor iiiankimL" II I. not 
the who will give i» nhat l'liito him rallnd 

dlvilM* rvhwKftt from tbi? I'ounmiD woyi. If «in>i> fancier 
with tbir cailioliclly of Shaki'xpmre would take up* In 
tlliml. wHI and tfnott ; hut I would IMit triM even Hbukea- 
jwaiv'ji mri'tlng n» n 0'ilixillltee. IaH uk mui-lulter that 
H.^'tluiwnV fnllM-r w»h on tmhirual drunkurd anl that 



of tbe putrumlu. al»o we Iroru- what way very well 
br tbe truth Hint the fatliv-ni of «icb aH dwell in IcntK, 
iiimI of alt fttu^ an h»u<1U> llo* harp or nrgHii, and 
the Inuirix tor of eiery iirllll.xr in br»!<K mid Iron the 
fom^ler<, that in lo t*ny, of the arbi and tli* Ni'lence^- 
niioe in dln-ct ile?HTiit fiMm Cain, and m4 In tbe 
lH«.lerlty of ihe Irrepr<inr4ial>l.. * lh, who I- lo U-. n» be 
probably wan alwi In the narrow t-lrele of liln own coii- 
trailiornrln, what naturally i«ll n aonn 11 umIiihi. 

Ileiwtlo re»eimii will luuke it ims^iMe for a nation to 
etort by wbut wrl of beluga It wilt Iw represented not 
very many geiienituitia bene.', nun* an n farmer t*u de- 
4'fcle wlietlu-r hbi hyrra »Unll full of lIlorllioniK or 
hereford*. It will litf- very huriwNiug iudeiit If »otnn 
tinllori d««w wake trUtl i>f Ihi* new |«nwer. Tlii'y 
■nay nmke imful nil~lake<. but I I Link Uiry will try. 

Wlwlber we like It or not. extraordinary mid fur- 
rrai'hltig ehuuges lu nuhlU- opinion are eonifng lo jklv«. 
Mun U Jn»t iH-glnnlng to know hluu-elf for wliat be i» - 
a rather long-lived unlninl. with gnut i«iwer» of eujoy- 
libeht If lie doe* not deliberately forgo Ibena. Iltlberlo 
>iillienliliofi nml inythbnl bloat of Kin bnve )>rt-4lotnl- 
DKIltly ivintrolled tlw^e power*. My.ll. li.ni will not die 
mil: for tlua«i Klrangf- fanele" kliowleilgi* U no *mre: 
but their forma way crwiuje, iiimI mynHrban on a foree 
for the niiH'r.~»I.Hi of joy l» Iminaly lo.Hu; It* hold ou 
Hie Bimleni world. A» In Hie ibiay of eatiier rvH^lona 
L>habll dtills were xiituttltiltod for Iiiciimiii vletlllu. *o 
leli^mtby. uc« ronuiii. y. mid oilier hnnuleHt loy« bike tbo 
[ilaee of eaeliat.ilogy mid the luctltelitlou i>f a fernrliau 
niorn) code. Among the .Ivillied raena of iCiiro|i« we 
are witiMwing an emiiibeiiaiUna from trtMlllioluil con- 
Iboiight. In art, and In conduct which U likely 
to hnve prolonged and wowlerful lnfluewT«. Itetnrnuig 
to fn-er ot, If Jitm will, Hllupler eotiuepllooa of life and 
iletilli, ||m> coming geiieratloiu are determine! lo get 
more o«it of tbU world than Ibolr forefathers did. lit 
It Ihch to lie ^uppoNed that when acienee |iuLk Intu Uielr 
hiind idciiili for tbn alleviation of Buffering lmmt^unir- 
nlde. aiul f.«- making ll.l- world a blunder place. 
Uwy will ib'inur to u«lng tluiw puwere? Tbe Interoter 
Ktruggle between eomionuUiea la only now botfliuiliig. 
nml wltb tbe approaching cxhnnatlon of that cujdtul of 
em^rgy •cIotim] In tlie rartta before mau began It must 
hooii l«.Mime <tlll luiwe fierce. Iu Kngland aiane of oor 
great granitehlldren will «ee the end of tbe MiHlly »c- 
re«sllile and, failing noine mlrarnloim di^xwery 

or available energy, a wbolenato reilurtloo In iiojialntlon. 
Tfiere are raci-i who have ahown tlH-uwlvea able nt a 
word lo throw oft all tradition and take Into tlmlr «er- 
vke every power that science bin. yet offered Ihein. Can 
we rx|iert lhat lliey, when Uiey «ee how lo rid thcni- 
aelveM of the eVer-llicreiudng weight of a defective |rapa- 
Intlon, will hetdinle? The tine cannot lie fur dblant 
wlien iKiih liidlTldnnlK and communities will iM'gln to 
think In lerni» of liUiloglcal fact, and It behoove thaw 
who lead KcU'itlllle Ihought tsn^fitlly to Ciwnlder whither 
acllon ahoiili] lend. At prreenr I a>Ji you merely to 
olwer>.. Hie fncta. Tile |~>wer« .,f m lence to pmervc 
the derei-live are now enr.rmou» livery year Ihe-e pow- 
er* IncTiiiw. Thl« ciiir-c of action rait reach a limit. 
T<i live 1I1 lllnTiile Intervention of clrlllaatlon for tbe 
preservation of Inferior *lrnln« Oiere 



Inter mine an end, and before long nutWoii will realise 



•eaukeni of a calm world and a loug peace," 
'file itennllely feeble'mlniled we may with propriety 
retrain, am we are beginning to do eren In Kngutud. and 
we iiuiy wifely prevent iiiiIoiik In wbleh lioth pari lei are 
defeetlre. for the ev idem* »l|own lhat a« n role «nrli 
lunrrlucuK. though often proline, commonly produce no 
I children at nil. Tlie union of Kuch social vermin 
permit than we would allow torn 
«ile* lo breed on our own bodLo*. INirther Uiau llnil 
In restraint of iiuirrlnge we ought not lo go, at lewl 
wit yet. Siowethliig loo may be dui»e by a reform of 
medical elhlra. Mislbtal Ktudeola are taugllt Ibul It l» 
tl*elr duly lo protimg life ut whatever cod In auuVrlnic. 
Tbli* may have been rlgbt when dlagDOftU wan uncer- 
tain mxl Interft-renee UMunlly of axnall effin-l ; but de- 
liberately to Interfere now for tba preservation of 1111 
infujit no gravely dleeajad that It can never be bnwy 
or eome to any good I* very like wanton cruelty. In 



have »een llicae 1 
tern U deplorable, lint aak where can any line be drawn. 
The blologM would reply that In all ages such decision* 
hnve btT'ti made by clvlilzevl cuiainunltle* with fair 
saeeess both in regard lo crime and 111 the closely 
analogous ause of lunacy. Tlu» real reason why these 
thilltfs are done is lieeausr tbe wortd cjJleetlvHy cber- 
lalles (svult views of the nature of life, bocanw' tlie 
facts are realised by few, and lieoftuae between tlie legal 
mind- to which society lias become accustomed to defer 
—and the seeing eye, Ibere I* such physiological all 
tltliMls that hardly can tliey be combined lu tbe same 
ls>ly. So Bonn as aclentlftn knowlralge ts-evmww eiannion 
asoiuililo and, I way odd. wore 
to prevail, 
(To hv coafinurd) 

Why Hon Slop Lafiaf in Winter 

It Is a well established principle among agrlrnlturul 
eeiuionilsts tliat nnlmabi kefir for tbolr working aldlltles 
wiist not be allowed In get fat. Recent Inveatlgallou* 
show that excess of fat Is even more biturloun, and 
therefore extensive, In Ibe case of animals kept for 
breeding taurposea. For II has been proved lodlspulably 
that Invasion by adipose tissue kmds lo tbe degenera- 
tion of the orgillLs of re|irodnetlon. 

It Is to this pbcnnmcnian, snya the Wcl'ac Sftrnlifiiw. 
Ilial we must nttrlhiKe the reditced egg yield of c 
at the cud of winter. Though In perfect 1 
housed under tlie nicvt sanitary conditions. 
giHierally fouud at thui lime to lie alugglsb ami laying 
so few egies that the cost |sr egg Ik enonunits. 

Thla condition Is tbo consco,uooce of to.) great abun- 
dance of food during the winter, coupled with lack of 
eiercbw due lo the narrow limit* of tbe ordinary 
chlcken-i uiL Tola h» demonstrated by Mr. Broclimilu 
In nil article In /.Mo-JiaMtalton which la pooled froui by 
the Accrue Hcientifavr, The baUnec of economy In the 
fowl s btaly Ik dcslr-iyrd by a provision of grain which 
Is In excess of the amount of energy It la called on lo 
expend. And It I* *tat«l thai If an auloioiy be |ier 
f.wwed oil wich 11 victim of overfeeding there la found 

10 be a general Invaaloo of the tissual by fat, and Hi. 
ovarian cluster liaa a limited deretoiHiieut. proving that 
It la by no wcaua In a state of full activity. 

"In tbe liver the luvaslau may hare proceeded so fur 
that fat forms a constituent i«rt of the active eellK. 
whose rnnrtlioilitg l» tbua forcibly Uiterfered with. Th<' 
same la true of the heiirt, which aeems lo have a Kporlnl 
KedllectliMl for ral. 

"Tbe blood does not drciilatc so qalckly, and, etnee 
the longs liave a aluKgishiUNia dne 10 the Aauie cause. 
Ibi'ra la not enough oxygen taken Into tbe system lo 
Inaura the cnmlioatloo of the fat, and this U Increaa 
lngly ileiaxlied tn Hi* tissue*. According to a micro, 
ample examination Dinite by Ur. Dteulafby, the moa 
cular Obers are the seat of alterations more or leas pro- 
nounced, whose final stage Is tlie transformation of the 
IhVrs into a fatty cylinder." 

While such extreme conditions nre found only, as a 
role, in fowl which have been specially fattened for fund, 
the tendency of 1... liberal feeding Is to cause a taking 

011 of fat and cewalion of laying. Tlie obvious remedy 
1b to give less food to lienu which atop La>'titg. Kut In 
practice a delicate balance must be observed, for beoa 
which are proline of eggs always have great ap|K-iltes. 
and naturally need plenty of rood for egg production. 
To avoid the boras of this rillepma. Mr. Ilroclwmui 
advises n careful aelectlon of radons, with strict 11ml 
bitten of starchy etihslancee, such as maize, rice, and 
barley, while giving abundance uf green food, such a* 
cabbage, boiled clover, sorrel, etc. These act as stimu- 
lants of tbe liver, and tbua are an excellent preventive 
of ral formation. Finally, ho advises Hut tbe fowls be 
Induced to take cxerdao, firm by liavlug au amide 
chicken-run, and by mixing their food with at raw. etc. 
so thai tbey will hnve to exercise when feeding. 
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l'lan of the ruin* at Abjden. show lag foem of the wrll, and location »f Cyclopean monolithic pillara and architrave*. The wall of the Scti Temple 



lomb of U«irl«. 



in the baekjtrauitd. 



The Cyclopean Mystery of Abydos* 

The Recent Excavations of Strabo's Well and the " Tomb of Osiris" 



Tin. pxriivniltxui made, dnrtujc the winter of HH314 
hi AIi>«|4ih by the Ktrypt Kxploratlou Final under tbe 
direction of the prewnt wr1t«r. a*»l*ted by Vrot. Wbltte- 
more, fruiu Hot-ton, Mr. Waliiwrtidit, and Mr. tUbaon, 
have drm irulte unexpected retnQlla, Tbey have led to 
•I..- dUeovery of u bulltlliuc which at prm-ut U udIiiim* 
hi It* kind, anil which probuuly Is one of the most an- 
cient n»<iHlriKiUiik» pi*e*err*d In Kftypt: a icrcttl pool 
with |Nin>tktw and ttit* tomb of <>*lrU. It In atluatc be- 
hind (lie western wtill uf the temple built Uy Hexl I, 
which Ih the chief attraiiliiii of Abydo* for travelera. 
Il n«« entirely Hublcrrtineiiit. ill 11 «lt>Hti of more limn 
thirty feet below tin- temple, timl tn><lilii,r revealed IM 
ex Uti-iiru. 

Tli** work kluried fmiu tlie western end of the euu- 
rtfUHtoft fr»m ii i-iiIihmiI door lintel which had been 
dlxeiivered two vi'iirw titiii at the I'hil of ii passage, cov- 
ered with funerary Inm-rlpf Imiih of King Menephtab, the 
I'Uantoti uf the KxudiiH. Thin lintel, of wucb Boon* 
undent date than Ilie misHtiife. b* a doorway 111 a wnll 
extendlnx rlcbt und left, and of a tnlckneaa of more 
thmi twelve feci, thi the iMHiiliern side the corner bad 
I teen reuclicd, Tbe top layer* bad been discovered of 
the Inrliwurv wall built In tnaculilrent inn*.>nr7 of hard 
n**| tpiurlxlte HAiulMtofie, 

TliU year'* work required a cuiieldcrable number of 
workers. It wan begun with 450; at tbe end there were 
•i:H^. four Ofili** of wliom were boy* cnrriliic basket" 
Tlw* aide* of the building had to be iracvil, and tuna of 
rttftMoftl tind sand hud tO In* rcmoi-ed from tbe mid- 
dle: at the end of eleven week* the whole srrurtnrv had 
Ureii laid bare. 

It consist* uf u rectangle, tbe Inside of which la about 
ii hundred feel Umg and sixty wide. Tbe two louc wide* 
lire north and *DHth: rust Is tbe nlde of the temple Of 
Sell; u.M I hr doorwiiy with the Uutrl. 15 feet loo*, 
whk'li bud Iwii dlxeoven-d In 11U2. The lneloanrc wall 
Ih *Ji. feet IbU*. It OJCoatata of (wo rn*1np-; tbn miter 
Ot«r N HitM*^oM' rather muttbly WHtjUtl Inner one 
In in >M*-iiit Ifnl ■ilHlll af re«l I'uiirtitite HiiiidHtiMie, Tbe 
Joint m lire very line: Ibere U only a very Ubln stratinu 
ii norlor whti'l. Im luirdly |N*rtv|etthle. Here and Ibere 
the tlili*k kinib ban lieen left wbb'li wan uaed for niov- 
lut: |lw ■<< , i»» , «. Tlir hUarlij* lire very lurire— a lenjrth of 
IT. f4*t>l ti licit Im It) M MOM rurr: and tbt* whole irtruc 
tore .tax deebl-ill) the eluirtieter of llw prlroitlrft con* 
tttrarlliHiri wbiHi In i-rw-re are ealled ryehipean, and an 
ICiTj Hliin nmmrlii of whb li I- nl f.hlxch, the ao-cnlleil 
tfiuple of the S|*blnx. 

TbU* rithmMil elutrticter 1« Htlll more vtriklnrC In the 
inner ftarl. Il 1*> dlvbln) int.- three naven or aUlea of 
tine<|iial *ix*\ I hi- iidddh* n|ie Iwlinc wlih-r. TImmv- nave*. 
,i -i< -* )iii|;tf t «l ». , : " ■! I. > if - | ii. i :v m< <n ill' lib 

pllliirt In icmnlle iiI>mii IflffJi f.-i t hliili nnd **H feet 

***liiare, Tliere are fliv of i In eneli eoUHklMde. 

They io^fMrtti 1 Mti . > ■ • In ...,m , wltli tbem. 
tin Ir helribl Itelnic \w*rv Ibmi rdx feet. Tbifte nnrhltrarr- 
iiihI the InehtMire wnll *tup|M»rted a eelllnir, alan of crnn 
He an htit pTI I bjBj wltlrli nun imi| uhkIi* of alillM, hat of 
t.l.N-ktt, Hke ll-e nrrhltnive-t, iu..r«- ibtin *li fi>et Ihlek. It 



By Kdouard Naville 

bna been calcnlated that one of Hie few of them remain- whole buUdlliX hm la-en turned Into n <|nnrry, e^porlally 

Inn welxh* more than thirty totw. Cnfortunutely. In tbe lnodde, which wan entirely granite. lUlnm, arehl- 

u»e corner oaily ban the eelllnc been preseire»L The Irave*. celllnc. every tlilntr bax \»h<u brokfit and h|>1H 




► ttt>|irodaenl frj*» HO /Jta-rrafrhf tom4om 



Kecunatructed drawlni ol Ihe newly found ruin* al Abjdot*. showing m. th*.d ol -ir uc t mil. 
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witli vredgca. inmn of which arc seen everywhere, In 
order to make mlllsbwea of rarkiua slsaa. Several of 
them, weighing aoren or eight Inns, hare been left. 

Tlw wide alalea only, about ten feet w Me, had celling*. 
It Ih doubtful whether the mldillv nave whs roofed II 
tt'iiK, |- rlmi-. only covered at Ibe mi) over (lie entrance 
tu the "tomb of <Wrt<." When I be work reached the 
lower layers of the tuchsnire Trail, a very extraordinary 
dba-overy was made, to tbl* wall, all round (be struc- 
ture, are cells almot »\x feet high and wide, all exactly 
alike* without any ornament or decoration, They bad 
dour*, |*utiahb made of wootl, wltb a nlnalr leuf; ucie 
mu nee the bote* where they turtietl. Such cells are uut 
aeon lu iin> other Egyptian construct ion. 

What was hC III more surprising In that they do not 
o|«Mt on to a BmTi lmt onto a narrow ledge which run 
on both tttdea of the nave. There wiw uu floor Id those 
aisles; under the ledge, which la slightly projecting. the 
beautiful mil miii ry goes on. ami at a depth of twelr* 
feel water was reached. It Ih ut the level of the tnttl- 
tratlon water In the cultivated land, though the struc- 
ture lit tn the uVwert- This year the Nile In lower than 
it It) known tu hare been for more than flfly years. 
Were the river at n normal height, the water would 
roach the. ledge, which hi below the cultivated land. 
Tint* the two ablcs and the two ends of the middle nave 
form a continuous rectangular pooL the aide* of wbleb 
are very fine imwmry of large block*. How much 
deeper the wutl goe* lluiii the present level of the water. 
It In difficult to Niy ; bin It probably goea down for an- 
<nher twelve feet. The excavations or next year will 
reveal what there U at the bottom. II wan not laaojlble 
IbU year to go farther because of the great number of 
urn ii He block* thrown Into the pool Tliey will buve to 
be hauled out. for among l hem muy be statues or frag 
nicnts of them. 

Tlie middle nave Is a Mock of masonry also mnde of 
enormous atones, which go**, down na deep na the water, 
mid on which ro.it* the iilllnra of the colonnadei*. TIip 
floor |a at the same level a« tbat of the cella and of the 
ledge- Thl" platform I* uu Inland: It could be reached 
only wltb a small boul or by a wooden bridge ; there U 
water ou the four utile*. Even la front of the doorway 




thcre bt mily Ibe ledge: there la no pathway of any kind 
lending to It. On tmth wldea eust anil weat there are 
two staircases leading fnam th* platform to the wnier. 
The lnat step is nbmit three feet above the present level 
■•f the water, lu a normal year the two or three last 
*le|« would be covered. 

The middle nave end* na the en*l aide, the aide of the 
temple of Sell, Willi a blgta wall on which are religious 




Huge masonry of one of the moal ancient constructions known tn Egypt. Showing ledge that surround* 
Ntrobo a Well and lh« doorway to one of the cella. Tfcia view ih in the nouthwoot corner, indicated at B 
on the plan. 



Uncovering the ruins at Abydos. 

sculptures, the only oiiea In tlie whole building. They 
repreaent offering* made by Mcueiditah to Osiris and 
other fOds; and the two Important amulets which were 
generally worn or are found on the mammlea. Thla 
allowed that there was behind the wall aumeihlng of n 
funerary" character, the tomb of fMrla. jterhulat. ihdria, 
although he wma n god, 9PM KiipiMwd to have lareti barn 
to piece* by bla enemy, Set or Typhon. and his limb* 
bad lH*en scattered among Ibe chief elite* of Egypt. 
Ahydm being tlie realdeiice of the god. Ita ahare had la<en 
Km* bend, wbleb waa burled In bla tomb. That tomb 
waa eery fa avians, and vnrloua excavator* hare been 
aearclilng for It for yea th. When the lower jwrt of (la 
end wall of tlie nave wiis cleared, there ap|»>arod the 
door of n cell quite similar to the other nrim Tlie bach 
wall of tbia cell had been broken through In order to 
make an opening, a door which had been bharked afler 
wnrda with stone*. It gave access to a lance Mibier 
ranean chauil*»r, wider than the wlwile construction, 
very well preserved, with a celling cousisllnc of two 
alaba leaning ngulust each other. <m ibe celling »'"! on 
the aide wain) are f\irH*r«r>' neprfweulailoua like tlaw 
of the tombs of the klttgn. It k* evidently a tomb, and 
the aciipturcs show it to be what whm reganh*! a* Ibe 
tomb of Osdria. The chamber was uulte empty except 
for a heap of aand In one of the corner*. When this 
had lavn reinnred. It was found Ibnt the snml enme 
tbriHugh a bole u>m1 by t< -tilers. There was imi anreoph- 
ugxiH ihnt object of any kind. It I* turf to I a? supposed 
that anything of tliat sort can la.* found lu a c«irwlruc- 
tb>ii used for cenlurieti as a quarry. 

The tomb of Odrfcs I* of u laler dale than Uw Mol 
with lta cells. It date* from Ibx* time of Set! 1. the 
gramlfntber of Mcurpbtnh, who ]arobabIy mnde It when 
he bvltt his temple. As for the pool. It Is pn4uibly miv 
of the moat ancient evinst nict Ions which have been pre- 
aerved In Kgypt. It 1a exactly In ibe atyle or the ao- 
called tetnide of the Sphinx, which la a work of ibe 
Fourth Itjiiawt). ami oue of Ibe characteristic fea- 
tures of which l< the total aliwrav of any Inscription or 
ornament Hot Ibe i»ool la even more cohMaal. In tlie 
temple of the Sphinx the pillar* are I feet *i|uarc; here 
they are Si£. It la lnipoa*lt>le. In spite of the havoc 
mnde, especially lu the southern aUle, nut tn lap struck 
by the majestic almpllctry of the atnictttre. chtelty In 
the corner where the celling has remained Itcaldca, 
thla conatroctton of a character quite unknown at pres- 
ent rataea many quevtloim wlilch further excavations 
will, perhaia*. solve. Waa the ]>ool In connection with 
the worship uf tadrhsT Did the sacred boat of Ibe ■ 1 
float on the water? Since the IxaiU of tlie gods nre al- 
ways towed with ropea, the ledge on both aid*** would 
ta* a very appropriate nntli for tlan priests whir did It. 
What were the cells made for? Were they reproduc- 
tloaa of those which the Bonk of the IVad deacrila** 
as being In the celestial bouse of IhtlrlaT Wn* the 
water stip|«x«*1 to have n curative effect; was It an 
Egyptian l*ool of Itethcsda? 

Aa for tbc water llself. It must hare been stored for 
some purpose. The enormous celling* must bare been 
made In order to prevent eva(».n*Mi*i. |g It u» lm- lu. 
agliHsl tbat the old Egyptians made such an enormous 
cuiinlructlou merely for Inflltratlon water? There la no 
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ikiuM thai It la what la calksl HtrnhnS Well, which 
he describes »k being- W»* tin- temple, itnd like the 
Ijil.irlntk at lltiwara. but od smaller proportions, and 
with Isis-tarrcs covered by big niuuolltlia. W»» Uicrc ■ 
t-anal .simlnj: from the Nile, as the Creek KcoKTupher 
says. «r wa* the |swl nllcd by the subterranean shoot 
(if wutt-r which flows under tbn desert, the wvcalled 
m.d«'rj,Tound Nile which la now bnlng studied closely 
l.y Hi* hydraulic en-tliur-er* of KcjptJ Tliewe are a few 
.;,h»I|..ii* which arise from this dlaroverj ; and It la. 
therefore, most desirable that tbe trenere-slly of (lie 
f rlrtidf* of Ibe FXv.?|st Exptoratlou Fund ma}- provide 
the society with tbe lu-vxwr-ary Qliaocul means for 
ronipletinj; till" bUrhly lntrrcsttiv aul liu|xirtant work. 



N«v»J Wtrhfe' 

Busao-Japaaeae Strunle 

Tin: mine aft aa Instrument of naval warfare h l>> 110 
means so m.Oern a contrivance ait most people sccna to 
iMiualru-. Its first rrtvrded appearuuce waa at In* sieite 
»f Antwerp In its'-*, when the Kuloli employed aonlloi- 
ruined exploded by tueuln of clockwork conuecled to a 
uuilcbluck nrranircmeiit. airainst tlu? Srsinhirils with 
(-rent success. Similar contrivunccM were employed by 
1 hi- Fjutllsh at tbe jdnw of Im Rnrhellc In HVJN bat 
w-Hb lunch Imh effort. 

In the American Kevolutloiinry war the submarine 



Hull nature, luadc Itu dfNlt. An American inventor 
named Itushuell muile two attempt* to destroy British 
war vessels tiy tbe iiceocy of fuihairrsced kees filled with 
cuntiovrder, mid designed to explode on contact with 
oilier oldccl*. These aeetn to bave acted well, hut 
imrtl.v ..wing; to vigilance on the |wrl of the Itrltlah, and 
l^rtly th rough the mine* lieing net ndrift at too itn.ul a 
distance from their object, no invmt damnce mu iiccam 
Plishcd. 

In tbc llntt fen- year* of the nineteenth century the 
Anicririiu lnrcutnr Fulton ei-*b->*vored to flud « market 
for n form of suhtmrlije mine with tbe Vrciick. and 
later with the Brltlr.li, lliell engaged III the Napoleonic 
to their being loo near the mrfuon 
I no harm to ships of tlu- French Beet nO 
It-uuloEtic. against which they mere tried lu 1WM : iiimI 
llioncb Kultoci demoiihtriiied ltu> iKxo«l1tllltlefi uf IiIh ln- 
reutlon with more wKww on a lirlt oil Walmer In Uie 

Ibe BrllUh nnvul 
■ It up an a iierinaueut enidiic of wnr. 
IN- mrrled out furllier enwrunents in his 01 
In 1*10, but afterward deruled hkn eDerele- to 
utiJee^tB, 

Tlw ItuatduoA uttrnipteil to destroy i4ilp>> cf tbe nrit- 
l.h mid French dert»> hy meana of iDeehankvl 



jilmtliii.- one Iwliealh II, M W. -Merlin." but tl 
umhI mum ao ttuall that uo aertow dama^r wna enuaed- 

Ihirititf tbe American drli wnr vurinuH fornix of 
uiluea were used by the ftmfedrrntoa, and wveml Fed- 
eral vrnaelK wen* IomI from thU rauae, As a remit elee- 
trlrnlly controlled nilnea were adupled In thla eoantry 
In the early aevotitl.-.; but It Is only in comparatively 
n.etit yenrs that aio meal tine baa been made of nte- 
rhimleiil mliiee, iioluMy in the Kuwo Japanow war, 
ivht-n tlkey |da>ed a mast primilnent part. 

Aflcr the JuiMDese torpedo attack ou the Rusdan 
ll>r-t 11I Port Arthur on the nlgbt of February "th «th. 
li«M. the Kuselana rmllaed the Hkellhuod of the Jap, 
uni^e ntiei»ptli« an attack and taiidtiu; troojis (no they 
iililiiuitely did) at rialiu. and to iwnteet that perl the 
n. In. -layer -yeneaet" proceeded to lay 11 binre number of 
OMo-lialitcal minea In Tallen Hay dtlrllg? the 9tb, 10th. 
mid llth of February, 1IIU4. On the third duy. while 



atieinHlnic to d«trti> 11 uilue which had broken loose 
from lt> aucbomcc and win OiHitiiu; on Hie nurfuee. the 
"Yenesel" wan very effectually llol»tcd h) her own pe- 
turd, 11 ud n< lust with over ninety liven. Tbe Llxbt 
crubvr "Itoynrln" itlsnatctieil to lme.«tlicate this orcur- 
rencv, Htruck a tnloe whvn nlwuit to urjclior. mid sulwe- 
uueolly wink, thus itlvlnt nil curly linitilrntlon of the 
duncera which thin tj|«e of mine prexenla to thoiw cm- 
|il<iyiiue IL 

.\.rtwlth«tamlli« tlieae di*nuni«emeulB. Hear Ad- 
uilrtil l>»HilnKkl laid soiw elirtit hundred uilueit In 
Titllen, Kerr, and llee]i Itnys diirlnie tbe aeci>nd hulf of 
Fetiruary*. *»d thoilieh many wiire afterward found to 
haw bt*u laid nt un*wiltiible deptba, tliey were wisely 
cviii-iilered too daiiceroua to iolerfere with, 

hi April the Jatianine took a huml In tbe enme. im- 



turt«xlii lioats for the wi>rk of liiyiac mines. Miry de- 
voted their enerirU* to placlnj: irroups of mine* in iiost 
tKilL-. nver whleli Ihp Kttceinu Mii|t> ik»unlly piuscd wtben 
liialieureHiut 0)11 able the hnrhor, uml 011 April HHh the 
Ituwimi fleet, t-umiiix out ImrrWilly t«i reacue imic of 
ll».|r destroyers which »«» In dinner or beltut cut uir. 
dime into thU areu. The uuirnblp • IVlroiuivlotsi," with 
Adiuinil Makaroff and tbc irreatcT |mrt of her crew uf 
7tN>, wim sunk ; nrsi soon afterward the "l'libeldu," an- 
tillier liiitrlcshlji, was damnced on passilts over another 
inliielleld, cnu»5riR <si|i>*tb)ii« appmaetilnu i«nle ainunit 



tl»-iD*elies atucked by submarine. 

On April S^lh Japulleee destri>vcr* laid 10-iellly fire 
mines In three irronps outside 4if ^ lndlroslok, as tlwi re 
Milt of which Ibe Itusslans were itelerrrd from uslni: 
Fieuirt liny for s»ioe tliue afterward. A Cerninn 
steamer eoliVe> lliu cm! lu Vladlv.wtok was sunk by one 
of these mines In Juue. mid another iti July. The Rns- 
slillt. also lost a toriiedo Ixat hen- by Ihls cuuse in Hie 
hitler m"iith. In Auirust laic of their enilsers siillrrcd 
duuuun' from a roliie while cumin* nnt from Vladl- 
Viflok. 

Menim'blle Ibe ltUK-4lllln Ind liol Uvli Idle, They laid 
two XToul* of mines 1.1 prvilecl tbe etltranee to tbe liar- 
Is.r ul iVrt Arthur from attempts to block It. and seienil 
of the shl|»s employed In the Jipnime attnek of May 
'Ird cniue to terlef on thi-se. A .ln|»ne>si toriwdo lioot 
wuh destrojeit while sweeidnit fi.r into*-* In Kerr Hay. 
ami on May Itth the Kipeiini tuliu-liiycr "Amnr" isMer 
to the "Yeiieiiel" 1 sutx-eeileil in hi) Inn iinolmervcd n 
ihiiiiIht of niitics uboul ten miles noulheusi of |jn>tl 
Shun, outside terrilorinl wnters This cnten.rlse re- 
sulted more successfully lllan lite Itusnliins eullld have 
ikireit to ho|s-, for tlie very next ilny the Islltleshlps 
"lliilsikse- and "Yn>hlmn" tthe former tl>ln« the tluir of 
Rear Admiral Nm.hU*) holh etri.nk ojIimw and sniii — 
the -llalfliae" lit a minute iiud ci lialf. Ibe Vasblmn- 
nfter some hours s|«'nt la ettdei vorinie to tow lu-r t<i n 
pluee wliere slic eould he benched. Nor did this exhaust 
tbe list of Jiilmnese mksfortuncs, fi^r on May lllh the 
vuQlioat "Mlynko" struck a mine Ui Kerr Itiiy and Mink 
lu twenty three minutes, nnd on the 17th the destroyer 
"AXutsukr met with a almllnr rule while on iruard 
duty outside I'ort Arthur. 

From this time onn-nrd Uilh sides euntiniMst Hulas 
trtuusly to lay nilnes, ill tntrrvul-. di->lslln; to siveep 
for thuee Inld by their oiifHtnenls. In June thii "Amur'' 
was dtsalileil. iIims deprhlio; the Russians of their only 
remnlnligt lulneliiyer, and rorcltia them to rely on Im- 
provised twin for this work. Hy this time they had 
a 



• H..|.H„i«J fn.m the Vnriii am4 J/IWer, »<".r< ^ Aiutn.t 
null, till* l.«wlwi, Keclsod 



liurluz Ibe Russian startle from t'nrt Arthur on June 
■j:trd tbc bnttlpshlp -SeTiistopel" wns severely dauinued 
hy n mine, Hy this Ihue Tallen Bay, after several 
weeks' work, had been practically elrarrsl of mines by 
the Jii|sinese. nnd their tmops were ntile to illsemruirk 



The Impurities of Co»l Gm 

A New Vtetbod of Extracting the .Sulphi 

«»c of tbc most tnterestluc |si|iers presented at the 
rifty rirst nunual mi-etlnit of the Institution of KntrlUh 
t;us Kiislnetirs held in Liverpool from June Idtb to 
I-ith whs rend by Dr. Ckarl«« C«r|..|iter or Lundon. 
and dealt with u new nietbod of reinm lint llic carbon- 
|.i»u)plilde (CS,"i. one of the m.»t truublesome lmimrl 
ll.- of eiul ris. The sulpliur that firms Its way Into 
tlu* bus from the conl is ptrwnt in one of two form*. 

ililu-r In coaihluntlon with hydnw v sulphureteil 

hjilmcen (II.SI. or lu L-omlilnatl..ii wllb cMtl-on as e»r- 
rumliUulphUle ICS.). The former Is easily removed 
from the gas by passing: over hydraled ferric oxide, 
tin- latter can only he removed by Hrst con vert inn It 
Into Ibe form or »«tpulirel«l hydnwen. ami hy then 
iiK-..r|ilni{ this siix in r. rrl<- oxide .n tl»- 11-111.I 11.111 r. 

I In- iril.-rest <if tbl- pr...-.- fur tin K , n. r.ll piil.ll, 
Ik- In Its relation to tlu- i.i-Mil ,.f sulphur that L> 
lir.fliht Into their h.,u».s. and bwiu-s will 



nt Ihilni. hut stniy mines still continued to idve troubte. 
a an July Titb the Japanese £U»hoat "Kuimou" wus Uist 
IU1MI11.-I1 »trlklni! one nlT Italul, nnd on tlw 'Jtuh the 
cruiser -t'liivisln" was nenrl> sunk by a mine which 
rxplod«sl near ber bou 1 , mid was with dllllculty patched 
up eliouxh to be taken lack to dis.it In Ju|stn. Thla 
wits more than countcrtsiLaiiccd on tbe following day. 
when Die "llatiin." tbe most i-nlerprlstne of the lnrxer 
ltii»1iin »!il|». had her fureiihsd <sun|iannieiit tt<ioded 
b> Ibe expl.~luti »r a mine umlef ft when enterlnj! the 
harbor, and »» i*.ll»vl to ibsk f.-r re|«Srs. being thus 
unable lo take purl in the battle of Auinlsl 10th Im 
the same day out- <if Ibe stium hup|n-rs ts'lonxilur tu the 
itussliiu mlne-swts'plnir flotilla was sunk hy a mine. 

No further br*ses r-f rupltal sbllst took place on either 
»Sib' fl-iini miles, dni'lliit Use w:tr. |irotuilily owtni! to tin* 
S-n-ater preeilull-ilis liiken; lilt lu tile Isiltle of Allgis-t 
loth, which resulted In tlie dlspt-rsnl of |«irl of the Rus- 
sian dis'l, nnd Ibe retmit of the rc*1 to Imrtsir ufulli. 
Its movements nere jmsilly hani[H*red nt tlie outset by 
lite necessity for sivis-pliiir every yunl of the water 
abend of It lsif..r»> It could proetssl, and Its ctinurv*. of 
ii-iilnt; tin. null l.. Ylnitlvi*-rok were thus [treatly 

Xo more eloiiuent testuuony of the part plnyed by 
mines lu the Uiinso Jiiisinese wnr could be soucht than 
tbe iirnietidcil list Ibnaed on the ollicliil history of the 
eunlllct) of loss.-* xiistnllifd hy Itoth sides from this 
cause up to tlte fall of I'ort Arthur. If the Kermniia lu 
lite prc-«ut «ar are emliki)lli< nilnes lis freely as la be- 
lieved, the lexiple of tireiit Itrtluiu must be pretaired to 
fnec losses <-iiuully heuvy with et|uunlmlty. Tbe action 
<if the "Koulzui l.ulse" In uylni; mlnsss ontaldc terrl 
turUil waters hud Its precedent In the Knaan- Japanese 
war. but tliece w.-re not a few erUlcbuiis of the action 
or l-.lh Hliles, at that lime mid subwiuenily. when mer- 
clmijl vests-Is e»iiiiltiue.l to strike mines for <iulte u locus 
time lifter iteace hud lss-11 eoneludrsl. It Is true Ibe 
t Chinese were ths! cblef silffcrers. tmt .some I'^urojienn 
vessels ulso fell vlellms to the casual ways of the com- 
Inlttilits In srrcwlnx mines broadcast without any pisv 
vision for their helm: rendertsl hnriiilens if Ibey broke 
bane. It Is to Is. sincerely le.K-d tlutt we shull not have 
.1 similar cxisMlrncc after the ciaictiisliMi of tlie present 
stnnrcle. 

i.l.sT or 111 ssixs sines ixtsr nv siis-rs. Ifkll o. 
"YerteseP tnrmed niliietnyer), by own mines. February 
llili. 1S«M. 

"Ihiyarln" (!l«bl crnlser i, by ltn«-l.ii, mine, Fetmury 
Klh. IWM. 

■I'etroiiiivlu.ek'' llsitflesblpl. b) .Tii|*i»ra> mine, 
April 1.11b. mH. 

ToHMslo lmnl -No. »K" by Jiiismes.. ntita' tsld.- 

V Iv.wtok. July 17lh, 11)01. 

-C^uiyHslKhl- tarmored Kunlsmll. iirir I'ort Arthur. 
Mltusl isth. HUM. 

• Yulniellvi'' (disstroyer). near l">irl Arthur, Ansikst 
Jltli. IIK't. 

"Klrolnl" tib-slroycrl, utit^ide I'ort Arthur. .Vivcuils'r 
Kith. 1SKM. 

1 1st oc .nrxat.sr. siltrs hist nv mdxks. lOW R. 
Tot-iaslo 1-x.t -No. -IV* |„ Kcr Itiiy. May 1Mb. 10*V| 
-Slijiik..-' Hi. rue •.•inils.nl). lu K.-rr Hay. May Ittb. 
Il»"l 

' IlllUuse" . battleship.. M»J IT.th l»l 
"Yashima" II111III1--I1I1.1. May 1Mb. ItNX 
-Akatsukl" (destroyer). May 17tb. llttM. 
-Kslimm" ilnr*e pintamt). .atitslitc Tallen Hay. July 
.".th. 11)01. 

'LU licit wn Mm-ir <linpr.-.vlsed tninrsiuti. Auxusl Mh. 
1t»H. 

' Iluyiitorl" (ilestroyerl, September Slxl, 1004. 
"Ilclycn" larmored ironboiit). SeiHlemt-er l*th. llltH. 
-Mulyen" (light entlser), November .TOIh. 1001. 
Tokiisiie." tllisht crnlseri, llccmber tilh, lOftl. 



coolrinir sioves are ciKinected to diltnne}-*, 01 ought lo 
he), and to tbe luinr. It.nl Is done lo delicate rubrics 
and decorations by the sulphuric acid, which !* ulti- 
mately- rormcd on Its combustion- Assutnine thai only 
iO.tltO cuhlc f.-et of jrus are einployt.l In an ..plimiry 
house for llltinilnalllti; purposes duriu£ tbe six winter 
months, when »;.ss| v.-iitllntlisi Is not pirsstblc, nnd 
that Hits mis .villains -JUi mi-ailis sulphur 111 each 1<«l 
eulile feet throe uuartets of 11 pound of the liiller 
<letii-nt will be contnlm-d In this amount of ras. nnd 
ou .s.mbiDtlon wilt yield ^1 iioiinds of sulphuric acid, 
or oil of vltrlid. Dr. Onrpenter has dearly rcsicubw-d 
that S41 Ii-iiia ns this chnrse of .sinttiiitliiatlou ami ilnui- 
rts'e cm Ik- broiiitht atralnst itits. tlo- rlinlry of ttic elec- 
Irb- Httht will bo keen, nlld lu sotno dlslrh-ts sno ..-ssrui j 
and It Is f..r tbe purpose of puttbm Ibe «ns companies 
and iiitdertjikitiir-. in a -.troncer (uksIIIou to meet this 
ccriula tltlon, lll.xt he Iuis n-tiv.-t .trul 'li'i eln|ssl a 
iiutlKst ..f l.r.-Akllur ilmtii an. I n-nu.v me (It-- .nrli.iii 
iJL-iil|ihld. tiy catalytic attl.ill- 

M.tiiy arteiit|.ls lis... Is .-11 niaite In tie' issst to Intn- 
iliii-. into the stns inaklr.K Industry. mctlKsU and appa- 



rntus f.ir n-movliu: tlie carbon bisulphide by cululysbj. 
mid nt the Portland (Orexon) Glut Works. Mesara. 
Hill nnd Pni»<t are now operiitinj a prisi-ss which en- 
iibles over 70 i>or cent or the sulphur to be reinovciL Car- 
is.nt.'r's i>wfi work on Ibe suh ( eet euiniiietlcisl in HW. 
mul was carriisl out in icnornnce or lie- 1'ortlan.l 
results. The inelhisl nsisl Is bused ilium the .sinver- 
sb.H) of the cnrbon-hlsutpbUle Into snlphureted hydro- 
I.1-11 by IksiIIiik the R»s m a t.-ni|s-iiilur.. of Ha) dctf. 
l ent., and by then Imsslnj; It throiwh tuls-s llllril with 
lire . lay bulls txtal.sl with metallic, nickel III a lilts ly 
.lltlibsl strttc. and uialnlaiii'-xl at a lcni|K'riitillv of 
trs< lies- Cent. At UUs temperature tbe tlnely ditidtsl 
inet.-tllh- nickel acts ns a cjiUlytlir nccDt. nnd brines 
ul.., ut ibe following renctlon, nltbaut Itself uiidereolng 
liny chemical ch.-MiBe 

+ -It- - -II. S J. C 
ciir)..<! 1." uli.lil.l- ■ h-.ilnic. il --iilpbilr.-l.sl (- curiam 
hyilroi.>-ii 

Tin .^irNili rciuuUis its 11 d«-|ioslt of so.. I on tlte tire- 
clay U-ills. alhl nt stated 



totcrvnl. It U t« 



Hi, l»l« 
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twHJiod of cqiivmUhk m rhon bbralt dilile itito 
hydro$«n won flrat mij^Mtcd by Yeraom 
llurcuurt, the walooDt KimlUti acipi.tl*t. Id lifTO, bat 
tiie practical illfflctjltlm In tbe applleatlou of the proww* 
to tbn k*s n i a It 1 ik industry wvr* wry rent, and only 



have Uvii alilo to oT«pttiiiM* tbo«r with any dccn* of 
Mi*-***-*, ."arpeuter works hi* |>iykv*)» at a lower t«M» 
iH rmnrv thtm the Am*>.W*».i on*, mid In thli* way a v. ml* 
ui»> «N'i«mintl«n of the Illuminating or thermal pri>iM'r- 
lle*« nf llif nil*, B.v prvlnsitliig tin? sn» U> -MM) *U%, Out. 
Ufurv U ti> ruler til* rcnvtlvu tub*** oaiUlM- 

lit« lb« cat*.) Ik ncent. h« U euahtol lu rvdrnv the tbmr 
ni.ulrwl fwr the rvuvllo... ui.-l to 1iim-a>v it> .ai.-..ij<y. 
while by Use uf A cheap alctel ault (tbe ciib»f-tde) fnr 
kiDprrcnntbic tbe (Ireeliiy ball*, he kit-fn ibtwii the 
raidtal outlay required fur *r|atpi»4ajf u imrlf>lair itlant 
nip«hk of tUwIliu? with Ukrgv rtilniar* of ira*. A plant 
with a rapacity auttVlwit M di*nl with tbi* whole ut 

l he productkoo 1i*m n)r ly U*-n wrtr«i at tbe old 

K«it JttAd (Ix**»ti) air) Kii>«< U reetiwU-h Work* uf 
the South Mrlr-jpalitmi Gn* Company, ami the follmv- 
itxi: Ileum auminarbH! the rvtulta obtained at thew 
two work* »1dlm> the iwvr purUU-atlun plant was lo- 



om Kt.VT It DAD, I.OXDOX. 



: by new i 
iwr 100 cubic feet. 
Percentage reduction or sulphur, 78J3 per cent. 

Eton <ltiri.Nwn.n, f a^hix. 
A|irU and Mny, 11)14. 
Total volume of E» treated. 4rS.ltf*s.llt)0 cubic fecC 
Hulplnir. Iwforn tranmnit l.j' n« 3.1.OT 
griiluti |*r 1CW cilhk feet. 

7X.' grains 



|MT KM) ClllliC' feet. 

IVrwutagc reduction, 77.7 per cent. 

This*, warly three tbnusund niillloiv* i»f cubic feet 



eimv January. WW. «rl(h nit »«w rcduoiltui of 
Hourly Til jmt cent, and ut mi averajte <wt of only U.'JSO 
ln'liif (0.50N (Tilt) prr 1.000 cubk' f«K- 

lu L-uiidunlmi. lc ma) !«■ »t<t<xl Uiat Dr. Curi«-m. r In 
l>ru«ldnit uf Snolli M^trnpolltun (liw Cmiiiwuy. the 
«mi|«iiy wUkh ^liarr? Willi tin- liaa-Ucht i. Cuk« Cum- 



. or to I 

But tho S.«lh MitruiH.Htmi Comiwny with l»r. 
<"iir|iKiI»r ut lt» bead. Iw w1wi> » k>«c1 to the atbtr 
lean iimiHililm of tin? 1'nltrJ KluaHlom tllwl of Amc-rli'ji. 
wbU'li Ik wurthy uf lmlt«tl«io. 

Tor ruiii|»1ltloii of <-l««<rlcltjr with icaH la kwn anil 
will tDcmuw. i-qm-liilly «rnfr» tlir dwtrktty Mippty 
IHH)f>l4< can iioint to tbe daiuii«« dmic by tbe mlpbur 
cuiitalnwl Id gan. Tbe wrlhr will not be Ui the )ea«t 
mirprinol. tlwwfore. If tw.-ulj-n>* yean hracr. all 
inn wurkN inantifipfK anil mcliuvrH are n> awn aUmt 
"liurUliatlwi," awl the iwronlty for ralixiot the ml- 

the lowest pravlkulil* 
biro aul aale of ntov<«) III! 
..f their bnatlnic anil o.B*tiw IikkL It will then be l>r 
Ciin»»uM'« tu™ 1" 




inhabitant* of l>.wkiii anil Its 
l»r Can^iiter <i.Dlri>l« woikn enililoylnit tsi«N) (irriHicu. 
anil It wan hi* company which Iweuty-fJve years ago, 
iiiuler tbe wl»e ipililiince of sir Cliarlw LlTraey, 
InitlateO tile nyxlela irf (irollt nhiirlllg that baa been 
ado)i(ed by all the larger g»» luidcrUklnca oT tbe 
l ulted Kliiioloia. It !> lio duubt tnK. that al priicnt, 
tbe numiciTN and cmlnwrn of »h» uDdortaklniat are 
not •■■uivliiiiil Uiat the lanre amount* of 



Tk. 8«i«h M.g.etit Hole baa not y«t been < 
Iccated. WTxinllng In r~«n report- from nr. Mawnon n 
Aiwtralasdun Ainart-tle eipoitltlou. Ilerrlofore It luw 
lieeli a»un>ed that Uf. IMvM vlalted thin pule In tbe 
rourx of Kluteldrtou'a exueilltkin, In WOO. but aceoru- 
llig to Mawatsia rceeot luTeHllgatlow tbe «iiot reached 
by LUivkl. althougb lying within the rurloo In which 
the magnetic needle la at tlmm vertkul. In cot th* roo- 
ter of that region, which ajipnan to lie of uiikH greater 
extent than wis formerly aup|NHii<iL Moreover, there 
anneur to be several local potwi around tlic i>tIdcI|kiI 
One of tbeiie U ouiuhwoiI tn lie near a region 
vIxllMl by Maw«,n miutben.! of A.|«le lj.nd. 



The Magnolia Cut-Off 

An Improvement on the Baltimore & Ohio Railroad Costing Millioas 



I'e on the m*trni wiitci'vlied of tbe lllue Kldge Moun 
ttillm, where the glmit llalU't 1oconuirtn« Alraln ituil 
(ug tit beuvl^- laden freight train*, the Italtlmore A- 
'itil-i Itallronit lm» recetilly coaiplMed a ftMXKMWu 
eleven mik' eul-ulf I l.ul nihk-. among lite great engineer 
tng feata of American rallruauUig. 

Tbe Magnolia cut .iff improvcineiil. Iictweea Orleanx 
Itmd nnd IJttle CucaiHia, W. Va., work uiiofi which waa 
Atnrtod In Slay of ln«t year 1 11117), aecomplt>Aie>i for 
lite It. it V, two dlxtilK-t eOJlHilnlc iltlvillltngeH. It *f- 
fecla it toning of 5.x mlle» Lii tliv k-hgtti abtl w-7 ilegreen 
of cnmiture of tbe eiistbound tracks aud due* aw«) 
with a nhuni trade ut Ilatmrole. whk'h bus required tbe 
lnM^ of iKltiber englnca for euKllioniul truAc climbing 
the mmmtaln* at that |N>lut. Secufiilly, It completely 
.<insn» the li. A O. an n tlmr-truck anil four-track ny»- 



By Hiirr>- <", I'luiimiur 

In fact, tlte ullituule plan l» to continue tile four-lrai-k 
Hue to ibe »eal«Hird »t ltallimore, with tbe cuiuttroctlori 
of third mid fourth track* from Hrunawlck to Wudi 
liurion Junction. Md.. where two Iwetrack Hnea con- 
srvsu towunl rliiltlniore, one liy way of Washington, the 
other through Frederick r„unty. So. when It waa de. 
termlned to build tbe Miignolbi liuiwovement. tbe rall- 
rnud beguu to 'd|wi the neck of the bottle." 

The eaut end of tile Comberlntxl dlrlnlnn of tbe Bal- 
timore A Ohio ltnllruud li kiuivoi far mid wide In rail- 
rnwl drt'lo- as the moxt congealed Mtretcb of railroad 
line lu the l nll«l State*. Two main Hues, ..no from 
I'ltk-iign. the "tlx-r fiMtn HI. 1-nuU eourerge at Cuml*r- 
lainl. with the bulk of their tonnage gathered from 
kuttiuuenible xub inalB illid branch line*. Moat of lllix 
IhiwIiicsm Ik for Mvtionnl movetiiehl lo Wnahtngton, ltal 



•hull lie used. It U g. llernlly Iwllered that tbe two new 
IraekN will be devuted to ea^ttMiund traina. aud the obi 
line turned over eirluelvely lo wwtliound trulna, thla 
heli^i the orlgltuil Idea when th* line wan Kurveycd. 

so iiuk'tly biui wi»rk progressed alma tbe cut^lf that 
traffic u|»in the «M tracka has not been ut all Inter- 
rupted and, by day aud by night, the paaaeugera on 
locul n ltd lUulted tmtna hare Inien swept iwst the scene 
of the big Improvement for the most (tart unmindful of 
i have forged to a i 




of the MagM»a cut-off. 



letn in>1 of Cumberltind. Mil., to Martlnsburg. W Va„ 
uniL lu i.KiJimitloo with i 
the mountain itlvbilon 
yen IX pr..vlib» umple fiK-llllbK to (lire f"r the alimwt 
ltnk>nn1tc future. 

Kud<ir« of economic u|«*rallou witv dlrecll} respon- 
sible for tlic Maictixllii ctit^fT improvctnent being under 
t^ket, l.j tlx- lu.ltlini.ri- A ■ >bli> ltullrn.nl. 
ii gi-urrnl eeoiuaule study of lis la^nratkm Is the libra 
eventuillly to i/Veri-i^ne Ibe high ojicrilllllg costs In 

nioniilalrK^is ri«intr> l-> revlslior Its line, reducing 
grades, ellitlllilllllit iiirnilure, uiel doing ttwuy with 
lielpir-engloe servl.v on that scclliKi of Ibe line enut 
«iii>I from Cuniberliltnl. Md. 

Tlie j.tn it eiini.-uii.'jit.-* n fnur lraek system of 105 
miles, from .•umberliirsl lo Krnn.wlck, the iiolnt of In 
t.Tsceri.« of the rural.erl.iiid and HaltinWe lUvlsloiis. 



The 



thlkire. I'blladelplllu. New York, or 
'luesllon of keeping tbe trail 
ivsnlnrll) to avoid hlor*n«k* tins long Ihh^i one of mo- 
ment and a problem culling for Use most emctent 
o|s-niilhg ineilHslB. 

Tbe dull) average trillll tnoVelllellt <iVer the line is 
eljchly tlvi' trains of all enisses. eiMlsisllllg of fust abd 
1 iiassenger tniiiLs through. IimiiI and pick up Iraltis. 
mid niimen-is work trains mid contractors - isiulpmeut. 
tin. I >.f this there Is nn nvi^itge of seventy freight Irttlns 
ilsliy Atn4her factor In tlx' .in.ratlon of the line under 
eis^dlllolss |.reviillltig befi^e tbe llltlHTovenienta Were Uli- 
ilertulicn wita the diversity of trafllc, both with reagiect 
to volume and class of business, and mauy bjcitleuts 



While It hits not I 



The greater purl of the excavating baa been done 
tliruugh solid rock. The sJojk-s of the embankineat, at 
river apriroucliea, hare heen protected by concrete retain- 
ing walla, and the aloiwa iilnng too hillsides te 
obviate all danger frotn slblo or falling rock. 

Diverging from the cost bound alite of the old i 
track Hoc west of Orleans Road, tbe cut off lino list* 
on a 4 per ennt cnmpcucoitcd grade for 4^300 feet to a 
isilnl where It crosaca the old line at grade. Krom tbmt 
is4tit It continue* to rise on the same grade through the 
ridge nt Poo Gully, where tbe tunnel of bygone day. 
has been converted Into an open cut. 

Briefly dtsscrlbed. tbe Improvement begins at Orleans 
Itoad- Four new tracks have been constructed, with 
gradient* slightly leas than those of the present tracks, 
through the summit at Isoe Gully, removing the preaent 
tuuhel and lowering 11m* grado at the summit about ten 
feet. From Doe Cully the ok! track baa been main- 
tained for the wwtbotind movement to Paw l'aw. Tbe 
new tracks have been constructed along the hillside 
above the older ruadls*d to a point Just eaat of llausrote, 
where they diverge to tbe left, passing through the 
ridge Just east of Magnolia, crosaing tbe present tracks 
overhead and the Potomac River at Magnolia, cut 
age on the w«jt Ode of the rirnr. and 
the present trackB at Kewler'8 Curve, 
overhead. The line then followa the hillside above the 
old tracka to a polut Just west of Paw 1*aw. where they 
again diverge to the left, 1st as log through the rldfe 
south of tbe okt l'nw Paw tunnel, by u short t unnel , 
and through tbe high ground Jtnt south of Paw Paw In 
tin o|s'ii cut, aud coming out on the bank of tbe river 
Just above tbe nresonl tracks. From that point to Oko- 
noko it four-track II lie bos been constructed on a grade 
slightly Uglier thnu the preaent tracks, and above the 
eh-viitlnn of tbe highest water heretofore known in the 

pun of the i 
with which the line will 
plants will he Installed at Hoe dully, Magnolia. Utile 
t'scaiss-i, and threat Cacapoa. 

The improvement has coat approximately KOfXI.OOO 
and the utieralluua have extended over a period of four- 
li*en tuoatbs. 

of the n»1tlm«re A 
Ohio Hallr.wd. with hsndquitrtcr. nt llslilmore. Is ii. 
..f the I 
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Cmtttit retaining wall on ri»rr enbankmeul. viewed tfm Tb* con« of movntaia and hllUidr by Ike Raltln>or< & Ohio Kallroad engine* 

prraenl rciadb<-d. lookiaf norlh In 




Kaaterly approach of rul lo Pa* lunnel, on center line. Newly completed rondhed. ahowini; ahoreL traveler, one Tar ckao* of earth ana 

near Station No. 1870. wall; Mow, the old roadbed on riicr bank. armmctrical linen i 




l.a-l approach lo Stuart Tunnel. V battle afaiaal unyielding Drilling and rtitlins the (Nattily approach to the Stuart Sbovrl hM penetratiai if 

rork or Ihe Bine Kidgf. Tunnel. looking; ea»t to 
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:k whence hu aprunjc the A comparatively open apnea on the Magnolia cut-off, aouth Uridjeinn the winding Potomac at Magnolia for a ahorl cut 

the Magnolia cut-off. of Station No. 1921. throuith the ridge aren oppoaite. 




lid roth on Section No. * Middle Bench. Ho* Gully Cut, north aidr, viewed wmtward Top Bench. Dor Cull, (.'ill: below, the preaenl two-track line, 

top of nlope. from Station No. 15-W. Baltimore & Ohio Railroad. 
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The Baltic and Black Sea Canal Scheme" 

An Improvement of Immense Im|M>rtanre to the Commerce of Central Russia 



Tiik pn>>«'i for joining up 'be natural wai era-ay* 
| M -twi-cn the llnltw and the Blaek S»« by lb*' coiixtruclion. 
of artificial connecting ehaniwU ha* reecritry made an 
important odvarwe, Although primarily int.mh.1 U* tlw 
development of comtiwwe. tit*- Ntrwl'-gw value of mwh a 
ei#niw<-t ; on bci»«*u tlw great wtw to the north and Houth 
«if liiw n will not be kml «ight of, In vww |iartwiilnHy 
of tbf ilemoiwtretKm of ibe value of the KM Cnual iti 
the Cnrman «dieme i>f naval loctietf. Thu* un lmp.-r.MH 
will lie given to the KuAKiait project, wlucb cannot ln» 
without great influeni<e on tlw im-wiit «tudy of tlw re- 
l>irt of the (Jovrrnment tToiiimivoon apj*>uit»d I" in- 
vt*ti|F»t»- the «'txti<* ♦subject This eomiut*8ioii, which wax 
apt*otut. d by lb*- Duma anil S* uafe four year* ago. while 
itiNuded to make n cumpreben-ive »urv.y of tin- whole 
Kfbimt- of internal mi Miration in Kutt-ta. wan required 
to give primary cu moderation to tin* Ualile and Hlack 
Scft ('anal *clwmt*, ami particularly ibe proposal to nm- 
Htruet Kir Its to circumvent tlw rapMU on lb** great south- 
ern riv.ff, the Dnieper, which rn|Mil* at prwmt eheek 
the ■-i.mpJflto utilisation of thia great natural waterway, 
■Herein* northward from tint Black Sea into the very 
Iwarl of European Kuan*. With it* tributaries it affords 
navigable channels of nrarlr 4,<IO0 miles, excepting fur 
the olntrueling nipidn near tlw mouth. Tlw canalisation, 
for muderHte-*4*ed *tup4, of a <*otuwetiou between l he 
river north and *o»th of these rapid*, now deetdod upon, 
must ilw'lf have a very important tciHueuee on Ibe in- 
U-rna) trade of Ruocan, apart altogether from the ad- 
vance wbirh would thenhy Iw mode toward tbi* r*«lixa- 
I inn of the infcin projeet i>f aat*T communication lwtw«*-n 
<lw Haiti? and ibe Htaek Sen. 

A study nf lli«' map of liti^ia xmivs that tlx- rivent 
of Kurojtran Kumi* lluw over ffreat, 1>nt*d )4airt> k imrn 
tlu- two raovett wf tin* t'arpatbian MiKintain* in tin- »**t 
an.1 the I'ral Moinitainn in the ea*», ami that between 
the lialtic and the lilark Mt<a 'wo ot tlw prineipal riveni 
are the Dnieper and tin- Daina, the fi>mier. a* we ha\« 
j«id Ifciwinif into the Hbuk Sea at Kher*»n and tlw 
latter into the tlulf of livon>« at Hutn ami thiineir into 
the Ilaltir Sea, Tltene river*, ton are navi^raUr for «mall 
eraft for irri'at di^ani'i* into the intmor. altmmRh in 
iho eo*e of the Dniefter there are rapidM, owinjr to tbt* 
er^at i-tep-like funnatlou. lwt*wn lb* town* «<f Kkatcr- 
iiVtKlav and Awkiwidrovrdt, w»me mih » from the 
miMitb uf the river, awl In the <-**.■ of the Owina in the 
1a*t III) mihti or su from the immth to ,Io«-iih«.lad. A* 
will |>n-Miiktly l»e explained, tlwre are pro>*= t*. fur iivti- 
tutiujf elpetrie-ptmer KL*ner»fjnj:-fit»t»on* at the fall*, in 
U»1h i»^t«nem; hut the neeevety for ii*viitatim» will he 
the iM-imary .oiuuh-ratmn, the hanie*-tm; uf ^nrfalU 
iM'itiif («iibwd : ary ami coqtinireiil «|hhi the ren.uin<ni*-iil* 
of ■»hip|»iniF 

The mmree*. «»f the two riveini at the "(livid* " afe imt 
far apart arid the tdo» <tt «nuirctiiqr thern by ortim-iat 
waUTWuyi tteeunvd to IVter the Hreat. win* ealli«| iu a 
Duteh ex|>eTt U> make a nurve,v of pu**ihV rouN« tbrouifh 
wliwh eanulK «mjUI \h> cotuslrueli'd. (VheriiiK II 
portrd thif work of «un-ey. but il *a- w»l intill Kii-sia 
liiid abmirlnxl tlu- Polish provim-e^ thai any material 
]m>«rro-t< w«^ nuvlf with the projeet The euiiaU 1hei> 
made, early in tlw hk*t eentury, were iut«'ud^l for mxiuV- 
itur pnriwi'e*. ami not nally for •.hippitur. Within the 
La^t twenty year*, nebemw for n deep earuil without h*-U 
have l*«en worked out, but tlie authoritH*» eiMiHidefed 
tlwi w-lwiow imi»rnetie*hle fn»m the linam'ial |»itnl of 
view. Ullimat^y, a* the re*ult of private initiative, a 
eimipony w»i forme*) and laid a »eheme 1w«f<tne the fcovt-rn- 
nwnt for the eoiutruetiou nf a val«way free from liwkj. 
aitd with a depth thrnuehout tlw navigable rhanm*! of 
H f»wt. Tlw main aim wiw to d- v. lop int.Tntr irade, 
and at tlw same time 1o arfttrd a meaiL^ trf transit Un 
iiwnhaniliw i^oiu* thromth th< Sue/ Canal to the 
.•..imuHf* on the Hhoiv* *>t the Haiti- mid the Hlaek Sea 
j-.rt-. It wa» pr.|M^Ml m thu pn.^-t m lan.*> Wt« 
w U>i mot'.m. uhi. li wmild nrvivr tlu iroodi »t 1h« I. r- 
mmaU of the eatuJ and deliver them citln-r on He- watff- 
way <«r to lan.*>' if«'wi-o«ii*r vc». U at the other end At 
tlie >iaine time file »trat*^' vahi«* t.f the eunal «»- r^-otf- 
tll/o»l. hut thr n-Im ll»e del not tlnil nirvl with Mifliei-'ltl 
HUp|M»rt. Now. bouewr, owuur to the m*»re lilwnil <on- 
^liturxm whieh ha- he.n iuin.dueed into Uu^oa. ami 
when ninro attention I- irur devote! to Inwle and eon»- 

i-o, then- 1- i*realer pm*]*ot <if thr i*ovemnu nl ree.ar- 

uUiUiT the valii'j of "ueh an o]ieJuiyf up of tlu: na'.ural 
ro-euri es and indiiMtrlril jMir.niialitws of the interior or 
K-iro^an Un*«i*. y ttr n Uiy. uuinh. r .xf nwn.U-r- 

e/ the Duma ti»ik ibe intuvue r..r Ml tM-tunl eomph H-.c. 
of the llalti* -MlaeV I ;»r. i3 . ile-y nrr*«l Hmt t xliuuvtive 
plan - .if the . nlirv wait rwav . :U the iii'lunee of < to I'nbli. 
Work. D.piftmriif. thonlil In f. ; wt^ uf the U-iu nirq- 



<»f 1VH. and that from m \t year ill- HuiUi-t of thin 
department -hoiild minta'ii nnmial i;rati1i yuflie ent for 
the eompletion of thtf watt rw ay in the. eour»e of live 
yearw. 

Tlw M'lnim* wli'eb eoinmeiuN itnelf ih tliat lo wlneb 
we have already n*f erred— namely, I he joining of the 
upper water* of tlw Dnieper ami (In- Dwmn. tlms ron- 



Italtw. The l«urth <if nueh a waterway wnukl be ammt 
miles. Tlw Dwina ixlend* wjutliward from tbe 
Kurn port on tlw- Hal tic for a di^taoee of ft&> utile*. 
Kormerly tlwre was a very extemtivt' w of thtn w»t«Tway 
for horjr**. af nhirb 21,1X10 annually tnwled to Ki^a with 
corn and other prodiwt* from tlie upper reached of the 
rivrr. Tm* liarce* had a eorryinc rapacity of about 
2i r i ton*, and wit* earned down with trn* streum when 
the ueltimr snow ereated a r}iatt , but they wtTe of little 
uxn for earryiiifr mipplic^ up rountr.v. Kadway com- 
petition uun killed thin method of tranMpart. and now 
.ailing ve^eU U from 10 ton* to N<> ton, or 1*1 ton* 
rapaeity are umhI, and ore rtavi^ati'd in Itoth diroetion*. 
t'mb'r thwwi cireumslann-K, thn traffic h** not ineren>ed 
IfTefttly Crwept for tho ttoatinir down of timlKT, to lie 
mule into rafu for f-liipnunt at Hlga/. In the iip|M<T 
rvatilws however, for A du>tanee of »omi- itsi I mileti or >o, 
detune ni are in u**, while f*»r !>W) nulen, in tributaries* 
and In Uftv'it.'ahh- cluuineht oonneeted with tint l(iv«<r 
Dwina, Hinatl M-*m«Tn r»n Ui navicaM. The river, 
from Hltel^k to Itiea, a d^tau<^' of nlfc»iut ;Ol mih h, ha* 
a total fall of MH U-l, but tlw frn nter |*»riiun of thin, a* 
already indiniteil, k» in tlw lower i*%rt of the river. T1u> 
pniimHHl^ for three hv .In^ehrtne r-Malioii,* oiw of 
4SM> borm-|MWi<f ami two of larger j»»w*t -liavi Im^u 
made m nr<-«H'iatHm with l!r mi ml i^mllt I to tlw rajml^; 
but, a» hae uLnadv Inrn bi'ljeuwd. thee-' will be Hubj(<ei 
to the inaiu idea of mnkiru.' ft fatud tlirnueh to the Hlack 
Sea. It may I*- said that from tlw upper l>*lna u unter- 
way debouch** itiv\ eolumuttieiili 1 - ai\Ji St. iVlernbune, 
but no Murvoy )mi< I teen tnade. Hltliouirh it in mider-lood 
to offer no MH-eml dimoiilty Hi tbe way uf development 
fur navuralion, 

It ii propomil to make a eiUiiHi-t^m Uaue* n tlw upper 
naviKatik- part of the Dwina and the uppt.r naificaliU' 
part of tlw Dim |nt. not by the *h*tn.lutu-d nuialu 

made ll» ytun ueu. hut by follo*in»f the euuw or a 
tributary of tbe Dwina and oiii* of the Duw|»« r mar the 
wulenbed, whieh itf duiuc mih"" to the Went of -Smoh unk. 
In the upland* there are two Uike« w)u* h Would lie mot* I 
useful for the fetslini; of the cnuabi on wvh >«i*b- of the 
water divide. The Until of iIil* water of tie- Dwina at 
VtlehMk is about 70 f*«et lower tluin tli»t of (lie Diueper 
at tbe moat Muitahle polul of junction. Tlw di'i»u<-». 
|vetw**en the riveni to be eanalued is under 0U miles, und 
the proposal under coniideration pruvideti for three locks 
for tbe Dniejicr and eight for tlw Dwina from the highest 
point. Tlw e*«t i>f thu eaiial, will, wooth-n Iwka. is 
4u.tinkal*>d at aliout I1» million nmhles, tuul with kIoiw- 
work lock* fl'i million roubles tm»re. 

Tlie l>Dic]K-r, whieh is the third large-t river in Kurope. 
tlu- V<iLgu ami Danube exedbng it, btii a h-ngth of m uriy 
t,'.i.'rii mile*, and in it* counto tlwre i* u po]>oUtion of 
fconmlbinfc like 2»,lIN»,0Ol». With tlw tributaries tbt- total 
wauirway i. nearly V<0> railw., of whieh aliout one li*lf 
i> n»vi«nblc for Kmnlt vc**eb Tbe prwliictx of tlw dU- 
tns t ore rw>rn, timlwr, ore and iMtal, and timluubt^lly 
then'' n»»mld br a groat development of tbe natural and 
mineral wealth vmrv thr route to the ma improved. Thn 
wUtaete, a* wi have mentioned, i* tlw rapids hi-tween 
Hkatwiiio^av and Ab-k^amlroviJ;. Tin* largvwt ve^eN 
tiding tlw rivMr below the rapid- liavu n eapoeity or alionl 
1,1 NIU teiei hihI nt-tr,' tluoi i&Ni tiUiuner* and l,_>MJ suulmg 
"Tiift are e.iigag^it in the t*rvu-o.. Alxive the rapid* the 
rtv>'T. fin o> ir ih io be u*ed on the route, from wea 1«i 
»»■{», »*. lutvijiul-li for a ih»lmi"-i of over .SUI mil*-*- mid 
IhvomiI iIiin it i* pro|k»*<l to us,, ibe lu-T.-vina and tin. 
ne« eamJ« alr.-a.ly n-f.-mxi to. Th.- |ietv<iiia is nlw.ut 
JIpU nubs I.ho; and has a full of iiInhk !M f»vt, and il o 
}iro|H<.*d io <ann1ir>- this |Miru<in wuh fonrli^n hvrk*.. 
Iwvorid ihirt, mm ii I ready indieatitl. tlure will U- rho <*Mulh 
row^vtiHtf with ilw T>wiiiA Kiver, flowing mto tie Haltie 
AlihiHigh m Iho upper iiavigablo part of tlw iMth |».T 

tlx'ti in a fall of -IKI fret III .Vtl lllib^. it l« thuugllt tli^t 
it uouhl U- pnu ti.-Alil.. t*. miik. ii !mvigabU< for U-v» r 
Vi vt,|llnHlt b M-k,^, by lneni|H of rvi/ulutiou -ntir^j* :itel 

dridL'irig. 1'or HHi nuU^- <*f tlw ilUtjuiee hi the upj»-- 
liavignUli ngiuu of th- 1 l)nhp»f, Milidtitklik- an e.xpers* 
viim-I. nnd n-triilariKition and dn -dgirjg *iH linve U. \»- 
eM4 iio-.. |y tloue; for tlw ne\i - r TO m«h •* lie pntKipal 
work would be the etMi^didarion of the hanl,"i. and for 
tht- reniaiiungl-tM mik « *>r to 1 1 1 • ■ rapnln t U* re im graaile. 
Then cmie tin- rapids, the ri\»r t»re«l.;m; through a 
irramn rel^- Tbi Hdl in u length <* 4*' mile* i» 'JO f.*l. 



Timlwr U llouted thruugii h'-re. but Ibe riwr i« iiiiiMw.ibU- 
to navigittiun, xeept ul sjwtf^. Hti-ently projeet" have 
been pn.iKifMMl fur tlw humeri ng of the wiit* r fj*»wer, and 
a •ximiuiauun wax apfMHnte<l t<t invt-itigate the Hubjeel, 
The plan now pruposxii i% to build at the fool of tin; 
minds a dam of granite, with Portland wmcnt mortar. 
Tlw eanal for the pamge of 5hip> — |KLrallel to the river, 
hut independent of the flow Io tlw turtihwi— w t*» be 
90 fw-t wwlo at the bottom, with a minimum mdiuti *.f 
fen; the depth of wattr w to Iw aliout 7 fi-el, and 
the <*anal i< to be <*<tn»trii< ted of hnekwork wbere it doe» 
not paw through the natural roek. The look* ore to h. 1 
nude in pair*, alongside eneh other, and to aeeommodate 
two vcko-I* of IV) fn't hing, with a tug-boat of 12ti f«<t 
long- Theecot ttl th*^ wi>rk in ctmne«*rii»n with tht nnvi- 
gnti<m i* calculated to he i« i*n n 27 and 'JS million 
roubles. Tb*- watrr-jxiwer port nf the undertakiikff U 
doxi«ned for throe |>owcT-(.iation». with v»-rtii-al r» aetHHi 
lurbin.e, tlw aggregnt*- *-apaeit\ thn»ugboiil tlw whole 
y*w i* eidculaU«d Jo U. 1011,1 Kill horse-power. Thr eur- 
r»?nt. of 5.<«K> volt*, will Ih' t iwnnr.it r»*l to the dMnbutme 
*taiionfl in ilw vteinity nf Kkatirinoidav and an fur a« 
Niihui Nuvgort-I. A h>eneh Hvndieate 1- ututerwtood to 
havo ju*t mode an offer to Ilw Kuwait governcnenl to 
undtrtake the iMn«lrijeli<ia of tlie hx-ku and hydro 
i-ileefTtr jaiwvT-*iUIWQi* on tbv Duwi^-r, 

Tbt- fundu fur Uie lm|>n>vetni.nt of tlw Dnieper Kivtir 
from the Diotith at Kbcmoti to the TalU were voted some 
four yeans oco, and tUe> «urk U probably eomplcteil by 
l hia time. Tbe oelual comnwm-einent uf the wo^k, 
through tbe uifdiuui of tlw State, of an uodertnking 
ble with lhal uf lb** »il»ni.u railway, will, if 
upon by the Duma, l*e of gr^-at a«ivaiilage to 
the comjDim and imlu*trw# of Kuwia- Mr. A. l J abnt. 
liarUjr euginirer in Higa, who ha* for year* been deeply 
inUTealod in the luoveiuent, and on who«e recent le*'lure 
on tlie Kubjort our arlwle h* based, U to Ih- congratulated 
on tbe progretw of 1lw propaganda work. 

Proofe of the Son's Variabiiiij* 

It haa been shown by experiment* uf the Hmitb-ouiuu 
AilruphyNical Ulwervatory oimductod Biinultaaiimsly at 
Mount WOwn in California and Baawur in Algerw. in 
the y*«r» 1UU nnd 11*12. that the value* of the uiteojaly 
uf tbe mAur rudiutioD outside tlw atmosphere <^timau*l 
by ^K^troboJomelric olwervat^wui at thi> two stations 
on tbe same days are, within the litoiU of error, identical. 
Tbe measurement* at tlw two ritatioiw ogrea^l within an 
average devitition of about I jkt cent. 1 1 appeared, 
however, tttat tlw value* of the solar constant of radia- 
tion obtained deviatwl over a rangut of nearly 10 per cent 
during the ountinuaneo *if tlw expedition*. Thin devia- 
tion wad observed at both itatioiu. on that if high value* 
Wirt; obtained in t'alifiwnia. high valine with oblAinod 
wmultttiwoudy in Algi-ria, and vice vcrwa. I»nrf. Turner 
ha* cimpuUd from the nlwrvation* the cwfrnunt nf 
com-latiun between the i»*ult*i at th* two nation-. He 
tlnd*. thu ei>efhei«-nt to be J>2 )>*•< ei tit pluf or miltUH 7 p*tr 
cent if oil the ohwirv ntiotv* are unod- Itcjeeting tliretj 
oU-ervanoio* of cvtis-me diMihtfitliif the eorreiatiun ro- 
ertlriont ri*es to 00 jwt cent. Tbh furniNtwv vi-ry atrvmc 
eVMb-twe of tlw variability of tlw nun, which *ii««ar» to 
bt irnguhu- in mrwd ami im«ular In amplitude, but 
may rangv over a oouwe uf 5 j»-r e^*nt, or even more, 
within thn lap**' of a wo»>k. 

Mt a*ur»-meni« t\w nAnr wtatant of radiation liavo 
1k-»ji i-ombk ted on Mount Wibon in California by the 
SmiihconiaiL A-lropliyntcal Observatorv for af>i>ut eight 
yinrw, though, unfortunately, the oliwrvatiomi have lieoci 
i onlin.*-"! to tlu- uionttiH of ejjmmer and aatuinn, when 
tlw «k> U favoralik* tltere f<ir them. It i-i highly im- 
INirtutit that Mii< h work fthould be taken up at anolber 
N'a'ioii. ur jiroferably al htveral other itation*. whero 

favorahl ^btvuu, uf the B ky would 1« found in thn 

iiilwr nion*h* of the year. 

Wto iL tin- monthly menu values of the solar oonxtant 
otiinttod on Mount Wilwin an- compared witn the 
auu«i»it uumberi of W'ulfrr. it i* found that ineroamt 
atm-l-jl tuunbem comt«p<knd with inerviwed valuon of 
tbe solar radiation, and vie* vema- Vrof. Turner luu 
'.•jnipiited the enrrdalmu oicffle-ieut f.*r thr^e two varv 
abh 1 a« d*f tending upon fifty month* "f ol»>erv»t»om«. 
nnd find* liiis •'•^•IGewiit t<i be f^t per e*mt or KlliriUH 

7 p*r ctut, Hen- ;iK:i il ix seen thai n strong pn^jf of 
Hie variability •>( tlw sun'* ra.iu.iion cxi»t~_ Il ;ti<|»«ra. 
ttKT.-fore, tlw: tbt? miii. Uf>i.U« varying from -lay to *lay 
in the lUHtuier shown by tlw eoinbimd Algenaa ami 
Mount Wils-.n olKervatwiiH, alwi varu- from v.« r to 
year in coiitu-tiou with the imtn h of rh. -.,r,K^ii e>i«le. 

.UtiM>liyit:ol 
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Id SrpU'mlKr, 1913, a tower t<iliMKKi|>e, fanning the. 
iitiagi. of tho sun by thm tut* of mirrore without Uouob, 
and y wilding an image of about 9 inches in diameter, wu 
made ready in ronnortwm with the station of the Smith* 
nonUo Aa trophy mra1 Observatory on Mount Wilson. 
Th-t tmagn of the mn u -Mnumd to fall upon tho slit of 
a fvr*ctr(*U)loni4'ipr, which *lit for thii purpoM in only 
alKiut thr** rtghtti* of an ionh in hrigfot. By stopping 
tlit> utorlt of lhi> tMltwop*, the nolar imago drift* centrally 
aetw tin- »IH of IS*. «iK^1mbolonwtiT, owing to thn 
diurnal rutaliwn *f thn oarth. There i» thun |>Todue*id, 
by Mitumaiii' rvgiMlvring of tbo indie-ation* of tbo Itolo- 
ine1«r. a eurvt* of distribution of intmnity along tbn 
diaTO-Her of thi> nun's duk. This i-urm take* tit* form 
of a tatvr V- Tbi* length of the tftraiffht ndi-* of tbo 
V nu.y bo taken as representing the* intensity of thu solar 
radiation at the wlge af the mn's disk* and the height 
of th? U to ihn nrntir (if the* eurvo may he taken as 
rvftrcB^nting th* intensity of the radiation at the eonter 
of the dink. Thus a contrast of tbn intensity of radiation 
along the dianioterof the sun is mode manifest. Ohwrvn- 
tioiio were made on nearly fs> day. of th.- year 1913 with 
U» ain«raUi», and on mh day the distribution of in- 
tensity »l wven different vravo-lrrigths of tbn spectrum 
Uaatwii 3.7IM angstroms and Iti.tsll angstroms wn* 



determined by making two curves at each wave length. 
On tba snron days tbn solar constant of radiation was 
doterminnd at Mount Wilson. 

Work with a similar object, but done in .h'lfcrcnt way*, 
dm bono carried on by Vogcl. Pickering, Lnnglcy, Very, 
Scbwarzachild and Villager, and Abbot and Howie. It 
i* found, by companion of tbn distribution curves oh- 
tainMl at Mount Wibton in 1913 with others obtained 
by Abbot and r'owle in 1907, that a thane? of form of 
the distribution curve I Lax occurred between these 
eporlw. 

The contrast of brightness between the renter and edge 
of the »un in the year 1907 was greater tlian the- contrast 
found In the year 1913. Thu is verified at all wave- 
lengths; but the change of contrast i« greater for short 
wave-lengths than (or longer ones. 

It further ap|w<ar*. by comparison of results of one 
day with another in the year 1913, that- a change of mb- 
trast is going on all tlie time, similar in irregularity of 
period and amnlitu<l« with the variation of th» sun'* total 
radiation whtrli w»« found by eomparUon of Mount 
WilwD and Bawour ohHWvation*. W lien the daily values 
of the wlar onOaut of radiation «btaliu«l in 1913 are 
oowparou 1 with 1Kb distribution of brmhUiwK alone the 



variation oreura between tbo two. TIlIh doily voriat*uo 
is of surh a nature tlutl «h«u the »!ar constant voluos 
increase. Uie eonstanl of brichlUMs Mween the cwiler 
and «le» of the sun dinunlsbes, The reault is eontrary 
to that whieh was indkiat«d by a few observations of 
Abbot and Fowle in the year 1908. It is helievod, on 
furtiuY ucaminalioa, that the results of Abbot and KowUi 
in IWS4 warn made erroneous by certain defects in the 
measurements of the solar eonstant of radution on two 
or three days. The new result* come from nearly fifty- 
days of observation, and an quite definite in shoaine 
tbn connections between tbo variation of the radiation 
of thn sun and the variation of hruthtncja along the sun's 
diameter. 

It appears, however, that the correlation between solar 
eonstant v aloes and contrast values beta-eon the years 
1907 and 1913 b contrary in its swm to the correlation 
between these variables exhibited by the doily march of 
values for the year 1913. This may point to a greater 
complexity of the solar problem than was at tin I Indi- 
cated by the results of Abbot and Fowle. It may be 

lion* af the solar radiation from day to .lay attends a 
chai«* of contrast in tV other direction. 



i W»r Time* 

Auriicsw railway ofBeitni who have been inclined 
towar.1 (Ifc^eoumKemcnt on account of the poor business 
condition* and tlie rcsultiiu; effect on traffic and earn- 
ines wlut-lt Iavc prevaihsl in tlli* country fur several 
moot li» - ami whieh still exist, with eonsideroblc uncer- 
tainty a» to the future, should he able to extract a irrain 
of comfort from observation of the far worse pligbt of 
tlx- ruadx in Kurope. On the continent of Europe, rail- 
ways iu the Unitary affected by war operations have 
been required practically to suspend business except for 
the tmnxportatiun of troops, and a (treat deal of their 
properly ban been destroyed or damaged, while the lines 
tlial an. not dimrtly arTeeted by military operations are 
sufferinsT from the low. of traffic becansei business is at a 
standstill. In Great Britain, whtim tbe railways am all 
owned by private eompanice. thn n.ivernmcnt uiimodi- 
ately on the dwlaratioii of war with (lormany on Auguiit 
■Itli. issued an order o«»uminit control of the railways. 
Par the time belli*, tin. railway* practically < 
as individual commercial urel.fftakiiurs arwl 
liarls of a irreat natkinal n>-st«m. 

Tbe anuounoi-nient .if this step made by the UritUh 
War offlcc »■»» as follows: 

"An order iu council has l*.n made iindor section If. 
of the HcmiUtion of the Korew wt of 1x71, decbunng 
tlutt it is expedient that (lie eoveniment sliould have 
coutnd nyrr Umi railways iu Great Britain. This con- 
trol will lm exercised llmHmh an exeeulivo mniirjitw<' 
coininned is? irenerul nuuaaKen. of railways, whieh lias 
been fornusl fur some time, and lia» preiAred plans with 
n view to foeilitatinir the wurMii* of tbevt* provisions of 
the act. 

"Although the railway facilities for other lhau naval 
and Inilirary piirpos.*, may for a time be soruewliat 
r»e1ri<-lei|. the effect of the use of the powers under tills 
art will l» to co-ordinate the demands on the raUways 
of the civil i-omnmnity with tliose ueeiiwaxy to meet 
the special rer|uimment* of tile naval and military 
authorities 

"More normal «*mditions wdl in due course bo restored, 
arel it is IioimaI Uiat the public will rcoenixe tbe necensity 
for the special eonditiims, and will, in tbe irenural interest, 
accommodate themselves to the inconvenience involved." 

Tlie railway evecutivo cximmittce is composed of tlie 
fpvnorai manoiri'rH of ten .if the leasiinit railways in Great 
Britain, with the prondent of the Board of Trade us 
offteinl chairman, and IT. A. Walker, m-neral manacer 
of the London A, South Western, as actirut chairman. 
An American. II. W. Thornton, eonrral miuiaipT of tbe 
Great- Eastern, and formerly general superintendent of 
the Ism* Islansl, was not numbered among these ehmen 
at nr»t. hut the eonunllte* liad been in chonre of affairs 
oiuy two days when lie »u askeil to hceome a temporary 
nit-inUir. whieh ho did. 

This committee, tluxiueli Mr. Walker, imroodintWy 
issitwl a notice to tlie public i.vplaininit the iituation. 
and statirue that the <\iutrol of the railways bad been 
taken over by the Kovcrament for thn purpose of insuring 
tlutt tbe locomotive*, rolling >-t.K-k and staff could lm 
u««l as oiw ivlliplirte unit iu the Inst illti-rests of the 
state, for the movement of tuxips. stores, and food siip- 
j^Ikis. "Th.; nect*oly for this action must at oiks- ho- 
(smivc ap)>arent," tlw annoiinceinent sni.1. "a-lu-n it iu 
reoliuni that .s'rlaln ports through which tlio bulk irf 
.»ur food supplie* enters this cuntry may he closed for 
the purpose of such food siippli.^ and in that event the 
rolllug stock, lutwrnutii-e.. vie., may havit to he diverted 
to other bni-s for the ptirissw of serving other p.>rt* 
The »Uf on racli r»i)»a> will remain under the sain.. 



through the sonic channels w in the past." 

The nanouoeenienl also staled that in .srder to give 
due effect to lit.' iustruettonv received frum tbe War 
GflVsi and tbe Admiralty for tbe movement uf troops, 
etc., it ndght Iw net^ssary to distHintinne. at short notice-, 
a portion of the advertised scrncc or to close certain of 
ordinary traffic, i 
i, no responsibility is 
any delay or (on that might arise. 

The act under which control of the railways was taken 
by the government provides that when the thrown, by 

in winch it is expedient for the public service that the 
government shall have control over the railroads or any 
uf thein, tbe secretary of state, by warrants, may em- 
power any person or persons named to toko possession 
of any railroad in tlie Vailed Kingdom ami of its plant 
or of any part thereof, or may lake posM**aion of the 
plant without taking possession of tbe railroad itself and 
use it for government service in such manner as the 
secretary of state may direct. Any such warrant is to 
remain in force for one week only, but may be renewed 
frooi week to week as long as, in tho opinion of thn 
of state, the onwrgoncy continues. The act 
compensation for any loss or 
injury sustained by tlie railway eoni|*anio» by the exercise 
of this power as may be agreed upon Wtwern the secre- 
tary af state and the railways, and provides for arbitra- 
tion in the case of difference, and that while th* railways 
are in tho lianda of th* governm»nl, all contracts for the 
operation and maintenance of tlie road shall be enforce- 
able by or against th* govcrnmcnt- 

Thn arrangement necvMMry for tikoving trooi*, horses 
and materials by rail for mubtlixation have been con- 
stantly umler consideration by tbe military authorities, 
and Hie railways have naturally been ragapled as on im- 
portant factor In nny mobilization scheme. There is a 
war railway council aad a railway staff corps attached 
to tbu lioyal Engineers, and there have Iwen various 
meetings at thu Hoard of Trade to discuss methods for 
obtaining the maximum efficiency of the railways. Im- 
mediately following tho taking poaseaBon of the railways 
by the government, the London & South Western gave 
notiw that, in ronwrmence of the requirements in con- 
nection with the movement of the forces, it was not 
practicable to continue the whole of the passenger train 
service as advertis.*!, and that it would be necessary to 
reduc* and alf» this service from Aucnst Sth until fur- 
ther notice. The notice slafed that full particular* of 
the su>pcn*lon and alu-rali-m would be issued, and the 
company also announced that it would I* unable to 
guarantee the running ur punctuality of trains, and could 
not be responsible for any delay, loss or damage which 
might occur in possengi? train service. Similar notices 
of modified passenger train service were issued by < 



service 

leading English and Irish railway com|nnie«. several of 
which announced that their ordinary t«! 
train service would he subject to material 
discontinuance without further notice. 

The publication of weekly traffic returns isf the rail- 
nays was also dihcontinued. as during the continuance 
of the war the railn-ays will be operated almost as a 
single *vxt« m, tie government compensating tbe com- 
panies for any le*o. i.r injury in paving for tlw- movement 
uf troop* and i>torv* after tbe railways nrv rc*tort*l to 
normal .•,.n,tili,,iu Ah tie minis to is.- rirrived from 
tlie goverui.,,1,1 rawwt U. dealt with in wi-ekly in'tall- 
-, th>< pul.li.-.iein ,.f tli.«- r-i».rl. would, undi-r the 
l»- futile. Willi the buxlmej. of the 
of thu 



of the railways 
would, of course, have been vitally affected even with- 
out the necessity for the use of their lines for inilitary 
purposes. 

With the practical ceatatioD of European imports and 
exports and the general Interruption of all kinds of busi- 
iu«u>. tlie merchandise and general traffic has been heavily 
reduced, and tlw- pleasure awl ordinary posaejurer travel 
reduced to a minlniuin. Operating expenses will also 
naturally l»c affected by the rise in the pric.* of materials 
and in other ways. Tlie declaration of dividends w-as 
puftpoucd by several railways, pending the outcome of 



Tlie Railvag A'rtr*. of London, in its issue of August 
Hth. puhlisucd an estiinute that over ^30.000 railway em- 
ployees hail left tlieir i-mployment in obedience to mobll- 
iinlxHi orders, their places lieing GUed try pronuitiog nwn 
of lower grades or by taking on new men for the less 
skilled occupations. Tbe companies announced that so 
far as possible they would keep places open for the men 
wlui return to eivil life wh.;n tlw war ends. At tbe time 
of the South African war. the railways not only made 
arrangements for keeping places open, but also for pro- 
viding for those dependent upon tbe men killed or bi- 
tbnir^i 

Tlie British railways have nrvnr yet been put to a 
complete test as to their ability in the matter of handling 
nidi a vohimc af traffic as would be necessitated in the 
transportation of an army to resist iiivanioti, but tlicy 
liave often been called upon to handle large numbers of 
troops, horses and military equipment for maneuvers 
and royal reviews, frequently at times when their capac- 
ity was being subjected to a far greater strain by Uie 
handling of holiday pawsMigvr traffic. 

Tbe British railways are admirably adapted to tba 
handliug or troop* in large numl«ni. Among the factors 
which are considered advantageous ore the duplication 
of lines and the proximity of stations to each other. As 
tbe stations are rarely more than three or four mihsi apart, 
not all of the trains need go to the same station. Thus 
if 12 trains are required for the district served by stations 
.-1. B and C. tbe first, fourth, seventh and tentli trains 
could go to A, the second. SMi, eighth and eleventh to ». 
and the remainder to C. Should tlie trains run at 10 
minute intervals, there wxiald be half on hour to load or 
unload the first at .4 In-fore tbe mat train was due. 
Monsivrr, nearly all of tbo tines am double track and 
two trains may therefore, in emergency, he run in the 
same direction at the same time. Other advantages are 
found in the complete installation of block signal*, tele- 
phones, speaking instruments and other signals. 

As to tbe continental railways tboy are largely owned 
by tho governments, and a great many lines have been 
built with reference to their |m*sjhU> use ill war time; 
and naturally th* transportation of military fore- ha* 
lieen their first consideration. Germany's arrangements 
for mobilisation by railway have lsx-n unusually com- 
plete. A war time-table, revised as occasion demanded, 
lias always Is.s-n in the |w«se*sion of railway offieers 
thruugliout the country, ca|>able of Itcing put into f.»rec 
at the shortest notice. All railaays are administered by 



thc military aulhorillm in til 
whether the railways are stat« 
The Russian railways have 
other Europ*<an liuiu and thi 
lamed for strategic r.«suns. 
by Germany on the French and Belgian frontiers i 
ally have been ssf the grtMl.-t imporlatic. slel in addition 
s are mj hsate.1 as to have the irreal- 



ue ef war, irrespective of 
or company owned, 
a different gage from tbe 
difference ha* lieen main- 
Short strategic lines built 
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Plant Autographs and Their Revelations* 

How Plants Are Compelled to Write the Story of Their Feelings and Sensations 



Is answering the question whether there is a funda- 
mental unity in thr response of plant and animal, we have 
first to find out whether sensitiveness w characteristic of 
only ft few plant* or whether all plant* and every organ 
nt every plant in sensitive. Tbnn wn have to devise ap- 
paratus hy which viwhle or invisible reaction* are do- 
ti-eted and recorded. Having preceded in this, wn have 
next to survey the rh*racnri*tie reaction* in the animal, 
mid ohaervt- whether phraomena corresponding to these 
may also be discovered in tbe plant. 

Thus, when an animal in struck hy a blow, it <loe* not 
nupond at once. A cerUiit short interval elapse* between 
thr incidence nf the blow and the beginning of the reply. 




Fix- 1- — Diagrammatic representation of automatic 
plant recorder. 



1 ■ " *f Mlnmoi. .tin h-.| i.i thread to »or srai of 
k>vrl L; writ) nr. InrtVx W irint uu »umxr4 (lit* alstr a 
ta* r**awa*>|i« tall 4(i.l rffim-ry of leaf, r, prmafrj . k. 

•.•ii.btlar; of I ml v I lot, mil. rU'ltlliK lllilwtlos think 

imwhh ihruuch the ptaat »j rfc-rinsl** i.\ r, rterk 

•Mtft '" r IswEsllssg Q*wwtl**i of l> tstilsl** ahnrk. I*rfmsrr 
drritlt «>f mimuMnl by iilsiiKinc mmI ft dlpplsg Into 
■*up of niif rary, If, 

Tilts loat lime in known as the latent period. In tin- plant 
i- I'm'P" any definite period which elapse* between the 
incident blow ami the responsive twitch? Doos thr 
latent period undergo any variation an in the animal, 
with external conditions? If it possible to make the 
plant itself write down this raeaamvely minute) lime- 
iutcrval? 

Next, It the plant exeitod by various irritant* which 
also excite die animal? If ho. at what rate doe* the ex- 
citatory impulse travel ill tbe plant? In what favorable 
circumstance* is the* rate of transmission cnluutced. and 
in what other circumstance* in It retarded or arrested? 
Is it possible to make the plant Itself rvoord this rate and 
tlx variation? Is there any resemblance between the 
excitatory impulse In tbe plant and the nervous impulsc 
in tin animal? 

The eliararterisUe effect* of various drugs am well 
known in the case of tbe animal. Ik the plant similarly 
Misooptihlo to their action? Will the effort of poison 
rhiutice with the dose? Is it possible to counteract the 
i fT. «- 1 of one by means of another? 

In the animal then- are certain automatically pulsating; 
tissue* Hke the heart. Are there any such spontaneously 
ttenttng tissues in the plant? If so, are the pulsations in 
live animal and the plant affected by external renditions 
in a similar manner? What is the real meaning of spon- 
taneity? 

O row Lb furnishes us with another example of autom- 
atism. The rate of growth in a plant is far below any- 
thing w« nan direr tly perceive. How, then, is this growth 
lo be magnified no as to l*s rendered instantly measuralilo? 
What art* the variations in this infinitesimal growth under 
external stimulus of light and shook of nWlrw current? 
What changes are induced by giving or withholding food? 
What are Ibo oondition* which stimulate or retard 
growth? 

And. lastly, when, by I he blow of death, litV ii>«.|r i» 

• I'mm * (llaruurw ilHlvtfrtt si lhs> Keya! I Ml Motion hy Prof 

j 0 ti<»r i > i " ' i 1 1 ■ ■ 1 '■ maw 




Fig. 1- — Kff »■( I of carbonic acid gas. 



tin ally raUnannsbed. will it be poaaible to detect lite 
critical moment? And doe* the plant then exert itself 
to make one nverwhelming reply, after wLh'Ii rcepoiiso 
ouaae* altogether? 

rLAHT-ecMrr. 

Tbe plant is acted upon by storm and sunshine, warmth 
of summer and frost of winter, drought and rain. What 
coercion do they exereiso upon it? What subtle impress 
do they leave behind? These internal changes are entirely 
beyond our visual scrutiny. The possibility of these being 
revealed to us lies in tbe detection and record of the actual 
response of the organism to a questioning shock. By the 
invention of dUTerent typos of recorders. I have swywoded 
in making the plant itaelf write an answering script to a 
testing stimulus. Thus tbe plant attached to tbe record- 
ing apparatus is automatically excited by a stimulus 
alsjolulely constant. In answer to this it makes its own 
responsive records, goes through its period of recovery 
and embarks on tbe same cycle over again, without assist- 
ance at any point from the ohservnr i Fig. I). 

the hewn a nt *Eronnxa- 

In obtaining the actual record of roaponsivn movements 
in plants wo encounter many serious difficulties. In thr 
case of musck^ym traction, tbe pull exes-tad is eoruidro 
able and the friction offered by the recording surface con- 
stitutes no essential difficulty. In the rase of plant*, 
however, tbe pull exerted by tbe motile organ is rela- 
tively feeble, and in tbe movement of the very small 
leaflet* of Dnmodium gyrsns or the telegraph plan'., for 
instance, a weight so small as four-hundredth* of a 
gramme is enough to arrest the pulsation of tbe leaflet*. 
Even in tbe leaf of Mimosa the friction offered is ennngh 
to introduce serious errors Into the amplitude ami time- 
rr-lntions of the curve. This error could not be removed 
a» long as the writer remained In continuous eonta*-! with 
the writing surface. I was finally able to overcome tbe 
difficulty by making an intermit lent, Instead nf a cun- 



I'ig. 3. — Hourly record for twenty-four hours, 
exhibiting diurnal variation of excitability 
(spring specimen). 

liiuiou* contact. The possibility of this lay in rendering 
the wrilor tremulous, this being areom|dished by an in- 

> eution depending on the phenomenon of reeoiiaone. The 
pnnei|tle of my resonant m<order detieuds on sy mpalhetir 

> i brat ion. If tbe strings of two violins are exactly tuned, 
then a note sounded on one will cause the other to vibrate 
in sympathy. We may likewise tune tbe vibrating writer 
I*. with a reed f (Par.2). Suppose the reed and the writer 
arc both tuned to vibrate a hundred Umee per second. 
When the n«cd is sounded, tbe writer will also begin to 
vibrate iu sympathy. In ransequence of this, tbe writer 
will no longer remain in continuous contact with tbu 
recording plate, hut will deliver a sticccesioo nf taps a 
hundred limes iu a second- The record wilt therefore con- 
sist of series of dots, the distance between one dot and 
the next representing one-hundredth part of a second. 
With other recorder* it is possible to measure still shorter 
interval*. It will now be understood how. by tbe device 
of the resonant recorder, we not only get rid of tbe error 
due to friction, but make the record itself measure time 
a* short a* may lie desired. The extraordinary delicacy 
isf this instrument will be understood when hy it* means 
it is possible to record a lime-interval a* short a* the 
thousandth part of the duration of a ringio beat of the 
heart. In finding tbe best mode of applying quantitatlve 
stimulna to the plant an interesting discovery was made 
alsmt the extreme *en*lUveness of certain plant* to the 
stimulus of rtectrie current. The moat sensitive organ 
by which an electric current can !»• detected is our tongue. 
An axerage Kuropcan, according to lasersiein, can per- 
asfvi h) bi* tongue a current a* feehle as (1.4 micro* 
aninen** a nucnt»amper» being one-mtllionth part of the 
unit of current. This lalue might Is* subject to certain 
\ arialinn, depending on racial characteristic*. One might 
■Bjsaaf, tlut the tongue of the Cell would bo far more 
exeiuble than that nf the stolid Anglo-Saxon In any 
caae, the tuperwirity of man ha* to l<e cstnblisbed on 
foundations more secure than senaibility; for ths> plant 
Bftophytum, I And, is eight time* more seuaitiva to an 



dectrieal current than a human being. Willi regard to 
tbo stimulus of induction shock. Mimosa Is ten times a* 
■en si live. 




fig. 2. — I'pper part of resonant recorder. 



Tlievail from r|iw-k |m»l aliusul psiuca ovi-r ptilWj. f*. let- 
ting dosa rtM-nritltiR plslc X, ncn-w for vrtlml srljgnt- 
mest; T, tssorrsl srrew for ru<( »i|Ju»lm*»t o-f pUne of 
iDoremcnt of rreordrr. parallel te writing surfnee; T, sxLs 
■ -f writer sappoTtni perpendicularly at enter of rtrcnlsr 
m<t of rosgnct ; C, iwro*r ; Jf, micrometer screw far 
sejiuinicot of lragtn of eotrerr. 

the aLEEr or vlants, 
In studying tlte effect of a given cliange in the external 
comlition, an assumption ba* to U< maile that, during 
the time of experiment, there ha* been no apoTlteiiOnas 
variation of excitability. I* the plant equally excitabw 
ihroughniit day and night? If not. is there any par- 
ticular jmthhI at whieh the excitability re mains uniform? 
I* there again a different tiiiMi during which the plant 
loses it* Honsibiliiy going, a* it were, to sleep? On 
these points no definite information ha* been available. 
The fanciful name of sleep is often given to tho closure 
of leaflet* of certain plants during darkness. These move- 
ment* are brx»ught about by variation of turgor, and luxte 
nothing whatever to do with true deep ; for siniiUr cUsnire 
of lealleU take* idace under the ims'lscly opposite con- 
dition of strong light- 
In order to find mil whether Mimosa exhibit* diurnal 
variation* of sensibility, I made It record it* answer to 
uniform quusliuning »hocks, repealed every hour of the 
day or night. 'Die amplitude of the answering twitch 
gave a measure of the "wakefutjo**" uf the plant during 
twenty-four hours, Tbe result* obtained were quite un- 
expected. Tbu plant 1* found to keep up very late, and 
fall asleep only at the early hours uf the morning. It 
makes up for its hate hour* by gradually waking up by 
noon tTig. 3). It then remain* in a condition of uniform 
sensibility all tbu afternoon. This period of uniformity 
is chosen for uncstigation* on the effect of changed ex- 
ternal conditions on nxcitabiUty. 

Errxit or ami. ruuo, and Darns. 
The plant is intensely susceptible to the irnjmrilie* 
present in the air. The vitiated air of tin town ha* a 
very depressing effort. According to popular science, 
what is death to the animal is supposed to be life for the 
plant ; for doe* it not nourish in the deadly atmosphere 
of carbonic acid gas? The record Fig. 4) show* that, 
instead of nourishing, the plant gets Mifforated just like 
a human Uing. Nolo the ga>p of relief when fresh air U 
introduced. Only in the presence of sunlight is thin effect 




rig. 3, — Abolition of motile excitability 
by exeeaalvr absorption of water, and 
subsequent restoration by withdrawal af 
ricraw 
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modified by photosynthesis. In contrast to the effect of 
carbonic acid, orann render* t plant highly excitable. 
Sulphurated hydrogen, even in mull quantities, is fatal 
to the plant. Chloroform acta a* a Htroug narcotic, In- 
ducing a rajwd abolition of excitability. Tbe ludicrously 
unsteady suit of tb« response of plant* under alcohol could 
h« effectively exploited in a temperance lecture! The 
record (Fig, 5) Is w the naUirv of an anticlimax, where 
the plant has drunk (pure water!) not windy but too well. 
Tbo gorged plant b wen t" have tout all power of move- 
ment. I was, however, ablL' to restore the plant to normal 
condition by extracting tbe excess of liquid by application 
irf glycerin. 

It may bp urged that the various reactions of irri- 
tability may hold good only in Uie ease of the particular 
plant Mimoaa, and that the majority of plant* were quite 
iiusiiisitive. I have, however, been able to demonstrate 
in this very ball thirteen yean ago, through my discovery 
of electric response in ordinary plants, that every plant 
and every organ of the plant in sensitive.' The difficult 




Fig. 8- — Kecord showing the latent period of 
Mimoe*. The recorder vibrates 2*0 times per 
Second. The tisne-intf rTal between succeed ve 
tots ia here 0.005 second. 



problem of finding the time taken by the plant to pereeivo 
and mapond to a blow was solved hy the employment of 
my resonant recorder, in which tbe writer was tuned to 
vibrate two hundred times a second. The successive dots 
are tlius at interval* of 1/200 part of a second apart. In 
a particular experiment there are 16,2 intervals between 
the application of stimulus, represented by a vertical 
line, and the initiation of response (Pig. 0>. The latent 
period, therefore, in this caae is 0-07H of a aeeond- Tbo 
reaction time of the plant becomes >ery sluggiah under 
IhfhnJM* 

wxcitaTuhy mruum in mimosa. 

I next take up the q uestion of (raiismiuiuD of excitation 
In plants. Tt has hitherto been supposed in Mimosa the 
impulse caused by irritation ia merely hydro-mechanical, 
and quite different from the nervous impulse in the 
animal. According to this hydro-itteehaoieal theory', the 
application of mechanical stimulus Is supposed to squeexe 
tbo tissue, in consequence of which the water forced out 
delivers a mevhanieal blow to the contractile organ of 
the plant. Such hydro-mechanical transmission if in DO 
way affected by any physiological agencies as warmth or 
cold, or the application of various anaesthetics or poisons. 

In strong contrast to this is the transmission of nervous 
impulse, whieb is a phenomenon of passage of proto- 
plasmic disturbance from point to point. Here under 
favorable physiological conditions, inch as warmth, *x- 
citatory impulse is transmitted with a quicker speed. 
There are eerlain agents again which paralyx* the con- 
ducting tissue for the time being, causing a te*it|wrary 
amist of the impulse. Such agents arc known as anes- 
thetics. There may again be poisonous drugs which per- 
manently abolish the conducting power. The nature of 
an impulse may thus be discriminated by several crucial 
tests. The impulse mutt he phytuAooictii. or of a nmoue 
character, if pApsuMoptosl r-Aangcs affect the rule of com- 
tfucfis-n; absence of sura s/ert. en Ike other nomf, pr«« 
Ih* m#rJiiinKul character of the tmpu'at. 

Of the various physiological tests, Pfcffex employed 
that of Uie narcotic drug, Chloroform applied on the 
eurfuce uf the stem of Mimosa failed to arrest the im- 
pulse. This result, at first sight, appears most convinc- 
ing, and has hcest universally accepted as a disproof of 
the existence of nervous impulse in Mimosa. A littla 
reflection will, however, show that under the particular 
conditions of the experiment, the conducting tissue in 
the interior could not have been affected by the external 
application of the narcotic, the task being, in fact, as 
difficult as narentixiug a nerve-trunk lying between 
mu^les by the applies lion of chloroform on thn skin 
outside. 

The question of nervous impulse in plants has thus to 
he attacked anew, and I have employed for this purpose 
twelve different methods. They all prove conclusively 
that the impulse in the plant is identical in character 



with that Ui the animal Of these I shall give a short 
account of two different modes of investigation. It is 
obvious that Uie transmitted impulse in Mimosa must 
be of an excitatory, or nervous character: 

(1) If It can be shown that physiological changes in- 
duce appropriate variation in the velocity of transmission 
of the impulse. 

(2) If the impulse in the plant eon be arrested by 
different physiological blocks by which nervous impulse 
in the animal is arrested. 

Fur the last two investigations the research resolves 
itself into the accurate measurement of the speed with 
which an impulse in the plant is transmitted, and the 
variation of that speed under changed conditions. A 
portion of tbe tissue at C may, for example, be subjected 
to the action of cold, or uf a poisonous drug (Fig. 7). In 
order to find the speed of normal transmission, we apply 
au instantaneous stimulus, say, uf an electric shock, at B, 
near the pulvinus. A short interval, the latent period, 
will elapse between tbe application of stimulus and the 
beginning of responsive movement. After the determina- 
tion of the latent period, we apply stimulus once more 
at A, and observe the time which elapses between the 
application uf stimulus and the response. The difference 
between the two periods gives us the time required for 
the excitation to travel from the point of application of 
stimulus at A, to the responding organ at Ii; hence we 
obtain the speed of impulse in the plant. The experiment 
is repeated once more, after the application of a given 
agent at C. If the speed undergoes any variation, it must 
be due to tbo action of the given agent. 
det a ruination or snexo or excitatory mrrutx in 

It-ANTS.* 

As relatively long intervals have to be measured in the 
determination of velocity, the recorder has its frequency 
adjusted to ten vibrations per second; bonne the space 
between successive dots represents an interval of one- 
tenth of a second. In Fig. R is given a record for deter- 
mining the velocity of transmission. The two lower 
figures give practically identical results of successive 




Fig. 8. — Determination of velocity of transmission 
in Mimosa. 

Tli* too lo»i*r record* srr In response tn rtlniiiln* sppltwl 
st s distance of IMt mlUlnettrs ; tbe tipper recent exhibits 
la (est period Id response to direct sfJmolus sppUed on 
the polrlnss. ffncccMlvc dots In tats sad foltowlaf roe 
net* are of Istervsls of hoc tenia part of a at road. 

experiments when stimulus was applied at a distance of 
30 millimeters. Tbe uppermost is the record for direct 
stimulation. From these, it is seen that the interval 
between stimulus and response is 1.6 seconds, and that 
the latent period is 0.1 second. Hcnee the true time for 
the excitation to travel through a distance of 'M milli- 
meters is IJS seconds, the velocity being 20 millimeter* 
per second. 

The velocity of nervous impulse in tbo plant is slower 
than those of higher, but quicker than those of lower 
animals. The speed of the impulse is. however, subject 
to variation under different conditions, <mo significant 
result that came nut was that while n plant carefully 
protected under glass from outside Mows looked sleek 
and flourishing, yet ss a complete and perfect organism 
it proved to be a failure. Its conducting power was found 
atrophied or paralyzed. But when a succession of blows 
rained on this effete and Moated specimen, the stimulus 
canalized its own path of conduction, and it Usuune more 
alert and responsive, and its nervous impulses became 
very much quickened. 

■rracT our rnTsiouKiiCAt- aornciks ok vruxjity. 

A decisive experiment to discriminate between the 
theories of meohanioal and nervous transmissions con- 
sist* hi tbe determination of the effect of temperature on 
the speed of transmission. Temperature has no effect 
on mechanical propagation, whereas a moderate variation 
of it profoundly affects the rate of nervous transmission. 
In the ease of the plant. I find that the velocity Is doubled 
by rise of temperature through 9 deg. Cent. When a 
portion of conducting petiole is subjected to cold the 



Fig. 9. Record of automatic pulastlens in 
Desmodium gyrans. 
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speed of conduetHiu is retarded, Kxeeasivu cold tem- 
porarily abolishes the conducting power. 

As an after-effect of tbe appUcation of bi tense cold, 
the conducting power remains parulyxcd for a conshler- 
able length of time. It is a very interesting and sug- 
gestive fact that 1 have been al4e to restore the conduct- 
ing power quickly hy subjecting the paralysed portion 
of the plant to a measured and moderate dose of eJcctriu 
shock. 

Various physi< tlogicnl 14oeks can be made to inhibit 




rig. 7. — Experimental arrangement for determina- 
tion of velocity of tranamiaaion and its variation. 



Horurd Is drat taken wbea stimulus la spsdlcd near tbo 
liultlaua at B flsiuut parlod) sssl taat st s dbtlaut jmiIdi 
•a tbn Unt Hulk at A. Iilgteeam uf lw« slwa time fur 
IraMoilmloa frmn A to ft. The lift lid nf elolh, f. In fur 
luml sppHrstlnn of warmth, n**d. am.*! Indies, and pottos* 

the excitatory impulse in the plant, proeisoly as in the 
ease of animal nerve. Tbe nervous impulse in itlauts 
may thus be arrested hy eleetrotonie block or by the 
action of poisons. By applying solution of potassium 
cyanide I have been able to abolish the conducting power 
in the plant In a time as short as five minutes. This 
investigation on the simplest type of planl-uerve la ex- 
pected to oast a flood of light on the very obscure phe- 
iionimun uf nervous impulse in general, ai»d tbe causes 
operative in bringing about the degeuernOou of tlic 
normal function uf the nerve. 

aroxTAxeoua rruaTioN. 
In certain animal Uasuee, a very curious phenomenon 
t* olwerved. In man and other animals, tin -re arc tissue* 
which heat, as we any, spontaneously. rs> long as life 
lasts, so long dinw the heart continue to pulsate. There 
is no effect without a cause. How then was it thul three 
pulsations became spontaneous? To this query, no fully 
satisfactory answer bus been forthcoming. We find, how- 
ever, that similar spontaneous movements are also ob- 
servable in plant tissues, as in D. gyrus*, or the telegraph 
plant, the leaflets of which dance up and down. The 
characteristics of the automatic pulsations in the plant 
could not lie determined on account of the apparent im- 
possibility of obtaining a record. The lroncts are too 
minute and the pull exerted too feeble to overcome fric- 
tion of tbe recording surface. This difficulty has been 
obviated by the device of my oscillating recorder (sen 
pulse-record, Fig. 9). From the records thus obtained. 
[ am enabled to say that the automatic movements of 
both plants and animals are guided hy laws which are 
identical. Thus I find, as with the pulsating heart, so 
also with the pu bating lcathi, the rhythmic frequency 
is iiKTeased under the action of warmth, and lessened 
under cold, increased frequency Iteing attended by dimi- 
nution of amplitude, and sirs trrsa. Under ether, there 
is a temporary arrest, revival I wing possible when the 
vapor U Mown off (Fig. 10). More fatal is the effect of 
chloroform. Thn most extraordinary parallelisiii, bow- 
ever, Uea in the fact that those piswons which arrest the 
beat of the heart in a particular way, arrest the )>latit- 
pulsalion also in a corresponding manner, the arrest pro- 
duced being either at systole or diastole, depending on 
the characteristic reaction of the poison. Taking ad- 
vantage of the antagonistic reactions of specific poisons. 
1 have Itevn able to revive a poisoned b-nlKt by the 
apjtlicaUiHi of another counteracting poison. 

INSTANTAN'EOVa RBt X>M» OF UROWTIl. 

As a further cxamph' of automatic activity we may 
take the pheiuimenon of growtli. The rate uf growth b 
so extremely slow that even tbe proverbial pss'e of the 
snail is two thousand times quicker! It would take an 
average plant two hundred years to cuver the short 
distance of a mile. This extreme slowness is a serious 
drawback in the investigation on growth. For even with 
the existing magnifying growth-recorders It would take 
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Fig. 10. — Arrest of pulsation of l>esiwodiuni 
under ether. 
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many hours for tbe variation of trrowth to 1*8 ro<HiriIod 
under a rlianovvt condition In the environment- The 
result* thus obtained are subject to errors brought about 
by the variation of growth whHi tales place spontane- 
ously in the onurss of a few hour*. Orowlh <iaji I* 
assumed l« remain constant only for n short tim*: on 
thin account It in neoesaary to eniirludo an experiment 
in the course of a few minute* 

The dlfurujtlea have been overoom* in my high inae- 
Btnotion cresoogrnpli, which records (lie *li«olut« role 
of growth bi a Urn* bo short *« the (ingle boat of the 
pendulum. Tim various macniftcatiotwt available art a 
thousand or t«n thousand times. For demonstration 
purposes, 1 have l*?eii aide lo secure a macuiftcation of 
a million limn. TV infinitesimal gro» th thus becomes 
ao as to appear rushing fisrward an If In a rati', 
b and it. 



The actual rale of growth 
anion of drugs, of 



. of 



and other forms of stimuli, aro tbua recorded in the course 
of a few minute*. The froa* importance, of this method 
of investigation in lurrieiiltiire in sufficiently obvious. 

THK PLAh-TK l«»rnN*X TO TIIB MKM C or l>RATH- 

A time mum when. aftec an answer to » aoprtgw 
•hook, there is a sudden end of Ibe plant> tiower to five 
any further response. This supreme shock Is the shock 
of death. K\eu In this crisis there is no immediate 
change In the placid ap|>earauce of the plant. Drooping 
and wltlierioc alv events that occur long after death 
itaetf. How doea tin- plant, then, give this last answer? 
In man, at tin- critical moment, a siaxstn passes through 
the whole IkxIv. nnd similarly In tbe plant I li ml Uiat 
a great contractile spasni takes place. This is accom- 
by an electrical spasm also. In the script of the 
.he line, that up to Ibis point was being 
sudilenly nn™l anil then ends. This 



is the last anvwer of tbe plant to man's research. 

Tho plant has thus hem made to exhibit many of the 
activities which we have boon accustomed to associate 
only with animal life. In one rose, as in tbn . 
stimulus of any kind will indurc a response 
There are rhythmic tinsiiw in the plant which, like those 
in the aniinal, go on throbbing reA*rf4c**.ly. Thoan spon- 
taneous pulsations in on* caae, as in the other, am affnetcd 
by various drugs in an identical manner. And in one 
caa*. ax In the oilier, tli« tremor of evcitalion is trans- 
mitted wllb a definite and fucnaurol «pe*d front point 
to iwlnl along ponduetliut ebaiuiels. Tlio eatahlhkment 
of this similarity of rwitonsive aetioni in tic plant and 
animal will be found of the liu,'hi**l wiirnifieane^; for we 
now realise that it is by the study uf the simpler phe- 
nomena of irritability in tbu vetp tal onraiiisltls that »e 
may export to elueiilate the more ewrnplex pliy»iolo»leal 



The Stability of Aeroplanes* 

The Various Intricate Problems of Balance 
Bv Orville Wright, B.S., LL.D. 



A rt-vixo maciilMT must be balanced in three dtrec- 
tliws : about an axla fore and lift In Its Unc of motion, 
atiout an aits extrodliiit In u Inlernl dlrorllon from tip 
to tip of the wing?, and abuut a vertical aula. The cal- 
aiicv about Ibe luteral ails Is referred to as fore-aud- 
aft or louEltudlual evjuilllirluin ; that about the fore- 
ntid aft axis as laterul equiUhrlum. and that about the 
vertical uxl* Is BoiH'rally referwl to as nloerlnt, nl 
Ita nioet lini«rtant fuuetton I. that of lateral 



If the center of support of au ueroplaue surface 
would remuln lixrd ut one point, as Is practically the 
ease In marine vessels nnd tn Imllixinji and alruulpK. 
n|iillltirlum would he a simple mntter. Hut the l<jcnt1on 
of the center of pressure on it it aeroplane aurfacv 
euaiigw ultb ever} rtwnxe in theiinale nt which the air 
strikes tbe surface. At an umle of AO decrees It Is 
Icsvted upproximateb' ut Ibe center of tbe surface. As 
tbe anjele becomes less, tbe center of preaeturc moves 
forward, tin plaue surfaces It cotitlinici* to more for- 
ward as tbe angle ilcerenseM until It Anally reacbea tbe 
fn«it eilgv. Kul on miubered mirfaee-. the umieiueiit Is 
11.4 cotitlnuous After u eerlnlii crltlnil ajiicle of lud- 
ileoce bi reuched. which ancle depeniLi upon tbn par. 
tlcular fiNTm of tbe surface, the renter of preMeure 
moviM backward with fnrtlier ilorrsnse In aiiKle until It 
arrtvos very close to tlw rear edge. At suitles ordl 
nnrily u»«l In tlylng. aiwiei of 3 tkxrm to 12 di-cnmc 
Hie travel of tire i-eiiler of pressure la In this rrtrocTad,i 
movement und la located, accordbig to the angle of In- 
cidence, nt points between !kj jier cent aiMl 00 per Cent 
buck of th* front ed£o of Ibe surface. The IimhIIuq of 
the center of pnwore on <i t>y jiven surface Is ilrlbiitcly 
n»Ml b> Hie anitle of Inrtdence at wblcll tlie surface Is 
exiicwl to the air. 

Tbe plsrinc of tl« center of itravlty of the inavlilue 
bi-lim- Its center of mipl>ort njt|M-arH, at Brut ulnoce. to 
lie a solution of tbe prutileiu of enullibrtum. TbU bi Ibe 
isH'thod uwed In UlailltainlIla , equilibrium In murine vea 
wis tind In balloons itml nirshlps, but In flylnjs machines 
It has tbe i>ii(Mislte of tile deslreil effect. If a Dying 

elevator or other uieaiiii of loiliiwlng, were 
vertlenll} an a larnebute, tbe center of gravity verti- 
cally betlrwlli Hie renter of support Would maintain Its 
equilibrium. Hut as soon us tbe muchlne beidns to movo 
forward tbe center i*f pressure, lustead of retualnliig nt 
tbe center of the surfaces, as was the en** wbeu de- 
scesidinr vcTtlrallj, moves toward that eds* of Hie sur 
nice which Is tit iidvnitce. Tliv ceatei* of gravity beluc 
locatifd lit the center of llie siirfac,- and tile «"enter ot 
pressure in udvunce ot tlwi center of Itie HUrfiov. u turn 
1ok moment 1< creaiej whU-li tenda to lift the front or 

nualr of linldence and at Hie uiue time to a XTcJitcr 
reHlMtancir to forward niovpinent. The momentum of 
the machine, nclluc IhntUKh Its eeiller of gravity helow 
tlie center or forward reiiMancc, cumhlnen wllb tbe 
forward center of procure In causing the surfnoe to be 
r,.|..l.xt about ll» kilera) nvls. The luarbllie will lake 
mi upward .•.mr-m ootll It tliuill) o.iuc. t„ a standitlll. 
I lie rear ..vlite „f |l, c airfare « 111 ,,„«• la- ls-),nv tbst of 
the fcoil inul the nurblne will Leirllt lo slide lulck 

wnrl The ivnler nf jin-uiire immediately reier>e~ slid 
Ir.ivel- lownrd the rear edirc of tbe snrface. which 



In tbe huckwurd movement has become tbe front 
Tlie center of irruvity noiin being buck of tbe 
of pressure, tlie advancing edge ot tbe surface 
will be lifted as befi^re, niul tho pendulum effect of tbe 
low weight will t* reis<nte«l. A Itylng machine with a 
low ceuler of tfrniity, without rudders or other mcana 
lo maintain Us equilibrium, will oscillate back and 
forth In tbht manner until it finally falls to tbe ground. 

It will have be, 
tho iHinllilirlinn In tbe horizontal plnne 
by two lurnlng UHieientM ncllng about the Intrrul horl- 
sontal axis of tlie tuachiiM? , one produced by the furce 
of gmvlty and the lift of the surface acting In different 
vertical lines, und tbe other by tbe center of momen- 
tum and the center of nulstancc acting in different 



It to evident that a tow center of gravll) is a dis- 
turbing Instead of a correction agent. The Ideal form 
of flyluc machine would be one lu w-hlcii the center of 
gravity Ilea In tbe line of tlie center of resistance to 
forward movement and In tlie Hue of thrust. In prac- 
tice tills Is not always feasible. Flying machines must 
he built to land wifely as well as to fly. A hlgb center 
of gravity temN to cnu>*- a machine to roll over In land- 
ing. A compromise is therefore adopted. Tbe ceuter 
of gravity is ke|K high eii.-ngb lo be but a slight dis- 
turbing factor in flight and nt the sume time not ao high 
as to Interfere In making safe UndUigs. 

Tbe three forces acting on an aeroplane In the direc- 
tion of Its line of motion ore tbe tlinist of tlie propel- 
lers. Ibe momentum or Inertia of Its weight, and the 
resistance of the machine to forward travel. If travel- 
ing In any other than a liorixmiUI cour-c. it component 

of gravity lu the Hi f motion will have to tie reck- 

oiinl wltlL When these I 
lino, with tin. ocntor« or thrust and 
In the ophite illtwtlon to that of the center of re- 
sistance, u variation lu tbe quantity of any »ne, or of 
all, of these fotve-i will not In itself have a disturbing 
effect on tbe oiulllbrlimi atiout the lnterul horizontal 
axis, itul these forces lo the ordinary dying i 
do not act In the same line. C'sunlly tbn < 
thrust Is hlgb lo order to give proper elearnnci 
the propellers nnd the ground ; the center of gravity la 
low to enable the machine to hind without danger of 
Isdng overturned ; and tbe center of resistance Is usu. 
ally between tlw renters of thrust nnd gravity. When 
a flying nmc-tilDc Is traveling at uniform speed the pro- 
pelling forces exactly equal the resisting force*. In 
esse tlw (limn of Ibe propeller* 1* dlmlnMed by throt- 
tlliig ibe in.itor, Ibe momentum of tbe machine acting 
U'Imw the c*-nt..r of resUiance carrlen the lower pnrt of 
the machine along fuller Ihnn the uiqs'r |s«rt. aud the 



Hie cxuinglng eentnr of lift; aud, second. Hie iitlSlinllm 

tlie rsKltloii of the center of pressure In line with a 
Hied Center of gravity. Tbe first method has been 
found impracticable on accoont of the lmiMiscibtlit) of 
shifting large weights qulc-aiy enough. Tbn second 
method b> that iiwvl ti, m.M .rf the «>lng miuhliies of 
to-day. 

of this latter tits- Mbould have their 
auxiliary surfaces locnled us far as issoillile fn.in Ibe 
main bearing plilliew. beruuse the greater tbe distance 
tbe greater Is Uic leverage and coieusinently tlie smaller 
tbe nmonnt of surfiice ni|tilreil. Tlie nnxtllnry snrfacea 
are asually placeil elttu-r In front or In the rear of tbe 
main supporting surface* since they act with giciiter 



With a view lo btgb eOictelicy, no part of cither llle 
loiiiii surface* or tlw auxiliary snrfact?* should be ex- 
IMiseil on their upper sides In n wny to create ilown- 
wunl |>re»tan-*. line iioauil of nlr pressure exerted 
downward cost* n* much In prots'llllig js>wer as two 
or downward iwewaire pi\Hliicv<1 by actual 
carried. This I* due to the fact thnl the total 
preHAiire on an aeroplane t* not verllcnl. but approxi- 
mately normal to tbe plane of tbe surface. Thin pres- 
sure may be resolved Into two fore™, one actiug In a 
line parallel with tbe dlrecllon of Iruvcl. and tbe other 
at right angles to the line of travel. One la termed 
"lift" « l«l the other -drift'' Wllb a glvrn aeroplane 
surface, the drift- and tin for any given angle of Inci- 
dence always bear a ileflnltc rullo to one another Tlila 
raUo varies from 1 to 1- to 1 to 1, nccordlug to Ibe 
angle of incidence nnd the sbaiw of the surface. On an 
average It U about 1 to 4 so thai llle thrust required 
of the isroisdlcr in tbe <inl1iinry flying machine Is an- 
Ihroximntcly one sixth of tbe wvlghf carried. When 
traveling on a hiarlxontal course the lift U vertical arid 
Is e^acily e<|i«il to the liXvl weight of the machine and 
l«iad. This load umy Is- reel weight, or It may be turtly 
real weight and Isirtlj downward presauri^t exertctt on 
isirts of the surfaces. Tor every pound of weight car 
rled, a thrnst of aiiproxlmately one sixth |»tind Is re- 
qnlrcsL If. however, instead of real weight a down- 
ward air preMMire Is exerted on some i»rt of the ma- 
chine, IbU downward pressure must be overcome by an 
eqnul upward pressure on some other tsirt of tbe ma- 
chine. In prevent the machine from descending. In tbla 
case the hotixontal coniiionent of the one pound down- 
ward pressure will he nlioiit one sixth pound, 4rM | ^ 
(horizontal component of the cooi|K*iMitlng upward pnu- 
Htire also will be about one sixth pound, making a tolal 
of one third Jiound required III thrust from tbn propel. 
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greater angle and a greater resisllillce. T 
Is produced If tbe machine be suddenly struck by a gust 
of wind of higher velocity from lu front. The thrust 
of Its propeller* will be tcxniMirorUy slightly decreased, 
tbe resistance due to the greater wind pleasure will be 
Increased, nnd tbn momcnfnni of tho machine (the cen- 
ter ..f gravity Istng low) win it, this case also tarn the 
»urfaces upward to « larger angle. While tbesi. vnrln- 
llons lu tbe force* ncllng In ibe horizontal line have of 
themselves a ccrlain iituounl of dUturlilng effect, yet It 
U from live cbangiw of Incblmcn wblch they Introduce 

Ing equltilirluin- 

Tbe two prlnrtiwl uietlKsis used in presnrvlng fore- 
ainl-aft «iullilirium have been, first, tt 
weight ao aa lo keep tbe coo tor of gravity lu 



a lers. as 



irrled, It I*. therefore, 
evident that the use of downward ulr |>ressures In 
maintaining equilibrium Is eieetslingly wasteful, and. 
im far a*, iio-slble, should be avoided. In other words, 
vt hen the equilibrium of an acruplaiir lias been dis- 
turbed, lusleud of using a downward nlr pressure to 
depress the elevated side nn upward pressure should lie 
utilized to elevate Hie low si,|e. Tlie cost In power Is 
tw|<« as great lo one case us In the I'lhor. 

Tlie dyiintnicoll.v lens etTk'lelit system of downward 
nlr pmwures Is usisl to sonic cxti-nf. however, no ae 
cirant of Its ndaptnlilllty In producing more or less In 
herently stilble srrot.lancs An liiherrtilly shil.le aero 
plane may be de*crltKi.l as .«„• In which equilibrium la 
tnnltibiioe.1 b> an arrninteoietit ..f surfa.H-^ that 
wlieu u current of air strikes one part of the machine. 



Digitized by Google 



ifi, 1914 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2021 



•-•or 



flouring a pressure Unit would lead to disturb the 

ate* u balancing pressure In the opposite direction. This 
Compensating or correcting pressure I* wicum) without 
the uiechnulcal movement of any putt «f the machine. 

Tbe first to proisee toe use of this system for the 
fore- und aft control of aeroplanes was IVuuud. a young 
r'rcuch student, who did nincb experimenting w Itla 
laws In the Ms of the lart century. HU 
IB used "lily to a slight extent In the motor- 
driven aerupUucs of nxlay, ..o account or tt« wasteful- 
uun of power und ou account of it* restriction of (lie 
maneuvering qualities of the machine 

l'eliuud's system consists of il main hearing surfxcc 
and ;i bortKimliil suvillury surface In Ibe roar Oxed III 
u negative augle In relation to the main surface. The 
crater of gravity is placed In front of the center of Ihe 
main surface. TIiIk laroduces a tendency lo incline Ibe 
machine downward lu front, uud to cause It to descend. 
In descending Oir- aeroplane gains »i««L Tho fixed sue- 
face In the roar, set nt a negative angle, receives an 
pressure on Its upper side as the speed ln- 
Thls downward pressure «im« toe roar of 
the machine to be depressed till l be machine taken an 
upward course. The speed la lout lu the upward course, 
the downward pressure ou the tall is reliercil. and the 
forward center of gravity turn* the cnurae again down- 
ward. While the Inherently Kable system will < 
a machine to sown extent. It depends no much on vnrla- 
tlou In course awl speed a* to render H liind**4untc lu 
meet fall/ the iteuwnds of a practical flying machine 

lu order to secure greater dynamic efficiency and 
greater maneuvering ability, auxiliary surfaces me 
cliuulatlly operable are used lu prevent tiylug machine* 
Instead of the practically dxed surfaces of ibn Inner- 
nutty (table tyiic. These machine* possess the mean* of 
quickly recovering halnuco without changing the direc- 
tion of travel and of maneuvering with greater dex- 
terity when required- On the other baud. Lbey depend 

keeping the equilibrium. It may be token ail a rule 
tbut the greater the dynamic cluciency of the mnchlno 
and the greater its pcsstlhultlcs In maneuvering, the 
greater the kuowlcdgo and aklU required of the ope- 
rator. 

If the operator of a flying machine were able to 



the air. 90 per cent at leant of all aeroplane accidents 
would be eliminated. It has been the lack of this abil- 
ity that has reaulled in ao large a toll of hnnkan Uvea. 
Instrument* have been produced which Indicate closely 
Ibe nngle of Incidence at which the ninehliie Is Hying, 
htit the.v aie not In general use. Nor dues the average 
Ityer realize Iww exceedingly dangerous II Ik to be Ig- 
norant of Ibis angle. Most of ibe ilyera are nwure Uiat 
"aLalllng" la dangerous, but do not know when they 
really are "stalling." 

A dying machine Is In greut ilnuger when It Is (tying 
at Its nngle of maximum lift. A rhnnge either to a 
smaller or a larger angle result* In a leaxer lift Tliere 
la Ibbi Imi«rlant dllterenee however, whether the nngle 
he Increuaeil or decren>-ed. While a mailer anglo gives 
leas lift, II also has lets drift resistance, an Ihnt the 
machine Is permitted to gain speed, i In (ho other hand, 
the larger anglo gives not only lew lift hot encounter* 
a greater resistance, which cavae* the xpee.1 of the ma- 
chine lo t» rapidly checked, mi that there Is u duoble 
lews of lift— that due to angle and that doc to a lesser 
speed. 

The maximum lift Is ohtnlned In n»o*t dying ma- 
chines at some angle bctwmm ir» degrees and 'M degrees. 
If tno mnchlne ho gliding rrom a height u-Uh the tmwer 
of the motor throttled or entlrel) turned -.IT. awl the 
operator attempt to turn It to a level course, the speed 
of the machine will soon be reduced lo the lowest at 
which It can supjiort its load. If now this level eonnae 
he held for even only a second or two. the upeed and 
the lift will bo so diminished that the machine will 
begin to fall rapidly. 

The center of pressure oo n cambered aeroplane sur- 
face at angles greater than 12 degrees to 15 ilegmea 
travels backward with increase of angle of incidence, 
ao that when a machine apnraatebna the "stalled" angles 
the main bearing surface* aro generally carrying prac- 
tically all of tbo weight and the elevator practically 
none at all. Under these conditions the mala surface* 
fail more rapidly than does Hie rear elevutor. The ma. 
chlDe twaes downward and plunges at an exceedingly 
steep uugie lowurd the enrih. This plunge would tend 
to bring the machine hack to normal nneed quickly were 
the machine flying nt Its nsual nngle of Incidence. But 
at the large angles of Incidence the drift is a large i«rt 
of the total prcwtire on the •.iirfnces, so that, nllhoagh 
plunging steeply downward, stiecd is recovered hut 
aiowly, The more the operator rries to check (he down- 
ward plnugo hy turning the elevator, the greater be- 
comes Inr nniili* of incidence, :hmI the greater the for- 
ward nnUtance. At ordinary ><slM angles the machine 



niet deaoeiid nt an angle of about 25 degrees with ref- 
erence lo the lioriiuntal In order to maintain its 
If the sliced Is: already below that necoaaary for sup 
port, a Mcciwr angle of descent will he rf^jnlrmL and 
coDddderahLe tline may Is} conxuiucd before supporting 
w|>eei1 can be recovered. I>uring all this time the ma- 
chine U plunging downward. If the plunge begins at a 
height of less thnii Iwo or three hundred fwt, the ma- 
chine Is likely to slrlke Ibe ground before the speed 
liccowury to recover control la acqulrmL 

The itaiipT from "stalling" comes In ibe oiierator at- 
i>-mptlng to check tl»o luachlne's downward plunge hy 
tnrtdng the main bearing *urfaces to still larger angles 
of IiH'Idetfce iusltsid of pointing the machine duwuwanl, 
nt a smaller uilgle of iraideuce. so Ihut the speed cau 
be recovered more ip^irkly. II is safe to say that folly 
IS.i pet tvllt »f Ibe filial necluctits in Hying are due to 
this cause. Most of the serious ones occur when, uftcr 
loug glides from considerable heights, with the power 
of the motor reduced, an attempt Is niade to bring the 
machine to a more level course several hundred feet lu 
the air. The machine quickly loses Us speed and be- 
comes "stalled," All of us who have seen the novice 
make a "pancake" lauding have sera the beginning of a 
case of "stalling" which might have hevn fatal had It 
taken place at a height of con or two hundred feet. 
The greatox danger tu Hying comes fnin misjudging 
If a uniform angle of 
there would lie no difficulty in fore- 
aiid-ufl f.juillhrluui. As has already been stated, for 
any given surface slid uny gtwu nngle of Incldi'Dee the 
jRnitltai of the center of |ire»ure 1s ilxnd. i:iMler these 
conditions, if the center of gravity were located to coin- 
cide with the center of prv*«ui'c mid a uniform augle of 
«i»uld always be In 

It is In accordance with this iiriiM-lpte that expeti- 
inenls the i«st year lutve hrnnght nhi>ni a ennsldernhle 
advance lu the dcvcloiwicut of automatic Mabllity, A 
sntall borixontal wind vane is so mouuteil on live ma- 
chlno as to ride edgewise to the wind when the ma- 
chine Is flying at the desired angle of incidence In 
case the machine varies from the desired angle, the air 
will strike the vane ou cither Its upper or lower side. 
The slightest movement of the vane in either direction 
brings into action a powerful uuriinnlsui for oi^rntljig 



If Ibe wind strlkos the vane on (he under aide, as 
would Isi the case when the machine takes a larger 
angle of hjcldcnce, the elevnttir is turned to cause thn 
iniiclilrie to point downward in front till the normal 
angle Is restored. If the air strike the vane from abore, 
n smaller angle of incidence Is liuticnted, and nu ohn>- 



no pnrllciilar angle of the machine with the horizontal 
Is maintained. It le (he angle at which the air strikes 
the aeroplane surface that Is important If thn vane is 
set at an augle of 0 degrees with tlio main supporting 
surfaces, aiul the machine Is traveling on a level coarse, 
lucreushig the power of the motor will eatrie 11 to begin 
«»1. Hut as (he lifting effect of an 
Is the prodiK-t of two factor* -Its 
sihhsI and Its angle of luclilence— uny Increase in *|*>ed 
will produce u gn-ater lift aud cause the machine to 
rise. The machine will now bo turned upward, with 
the surfaces meeting the atr nt an angle of 3 degrees. 
On the contrary. If the power of the motor be reduced 
or entirely turned off, the machine will Immediately 
Is-gln lo decrease In speed, requiring a larger angle of 
incldets?e for supiMjrt. But as soon as the angle ls*gliis 
to Increase the air will strike the regulating vane on 
(he underside and Iho elevator will Is. luniod, pointing 
Ibe machine downward till tlie cou.iioneut of gravity In 
Ibe direction of travel h*ojine» sufficient to maintain 
Ihe normal speed, lu tliln case the planes will he In- 
clined downward with reference to the borixontal. It la 
evldeut thnt a machine controlled hy regulating the 
angle of the machine with reference to the ImHnging 
air Is nol liable to tlie dangers of "stalling" already 

.Several other methods of maintaining forinind aft 
enjullllirtum automatically hate been proposed. Oue 
utilizes the force of gravity acting oo a pendulum or a 
tohe of inepcury ; Ihe other, tbo gyroscopic force of a 
rapidly revolving wheeL In both of these systems the 
angle of the mnchlne Is regulated wllh reference to the 
horlnontiil. or some other determined plane, Instead of 
with tlie angle of the Impinging air. 

In the case Jn»t referred to, in which the power of 
the motor was nuddeidy turned oh* while traveling on u 
level eouf*. with these systems, ihe planes would be 
maintained al their original angle with the horlanntal 
wltln.ul any regard to the angle of incidence. The ma- 
chine would continue forward till, through the loss of 
momentum. Its speed would become so reduced ami Its 
angle of Incidence so great Ihnt It wnuld he exposed to 
the danxeea or diving. 

The |N-odnlum and mercury tube have other serious 



faults which render (hem useless for regulating fore- 

wlih a greater resistance to forward travel, either as a 
n-solt or change In direction or of meeting a stronger 
gn«t of wind from In front, and Its s|a>ed he ever so 
"lightly checked, the pendulum will swing forward anil 
Instead of turning tlie machine downward, so as to 
lnalntniu the normal spetsL will cause the machine to 
he Inclined upward in front ami thna further Uicreuse 
Its forward resistance. 

The ismdulum has proved Itself an exceedingly nan 
fill devboe, however, in regulating tlie lateral stability 
of aerisjilanes In tbls case the effects of momentum 
and centrifugal force net i>n the pendulum in the jumper 
direction lo produce desired results. 

I believe the ilay U lasir nt hanil when the dyer will 
Is- almost entirely relieved of the work of maintaining 
the equilibrium of hU utachliie. nod that his attention 
will he required only to ki*e|dug It on its proper course, 
ami in bringing It safely in contact with the ground 



'mg'InvolTeti.iii tbVCracluag of Oils* 

By Walter F. Rittmnn 

l.'STU. recently It lias l*en common to consider the 
so called tar nod petroleum oils ns two separate and 
nie present conceptions of 



such ns llioae IsHween the methane and benzine series, 
instead, all hydrorarl>ons are considered together, and 
Indicated as differing only In their hydrogen content 
Tbo latter clanslflontlou Is more fniiuuate hocnuse In 
the course of u dozen petroleums from dlfferenC fields 
nearly all the various hydrocarbon series are repre- 
sented. Many jietrnlrums contain coiuddcrable percent- 
ages of the same constituents that are found in oil or 
water gas tar. In fart, II Is possible |n find two petrol- 
eums which differ as much In comparison as certain 

lu drilling wllh tlie technical use of petroleum It can 
he said that we already know something about its eud 
prtHlucts; It nt. least njsjicars thnt we know more abuut 
the end products (han no do about the application of 
the most favorable conditions for olstalnlng maximum 
yields of the desired end product* it Is known that 



l.y cracking petroleum. Whal we want to know Is how 
to Increase the yields of gasoline or lllumuiatlng gas 
from a given amount of oil. It Is <|ucatlonable how 
much increase can lav obtained hy tbo perfection of the 
well kn-ovm methods now (n use. Itadlcal Increases can 
result only from the application of radical scientlllc 

In the production of petroleum eud products practi- 
cally all (he variables of chemical reactions are In- 
volved. While this fact complicates thn problem It 
makes the field of research more fertile and greatly 
enlarge?* Its possibilities. We are dealing with chemis- 
try Involving both liquids and gases and with all the 
pliysloal and chemical principle* which np|>iy to both of 
them. Mcclianlsni of rend Ion. duration of temperature, 
contact surface, catalysis, tesniieraturc. prossnre, and 
concentration conditions are all vitally Important In the 
cracking of oils. They are all Interesting, but In the 
time allotted me I shall deal with only Ihe last three: 
tenuwrnture. pressure, uhd concentration. 

Tlie Information that eodothermic reactions work 
hotter at high temneratnres while exothermic reactions 
work better at low temimraturw Is Important, but this 
Information does not become fully valuable until we 
regard n* well (he chemical equilibria between Ihe 



•spilUhrium Is studied by practically all undergraduates, 
but Its ii|*,iltcntion to inslnstrlul problems, despite Its 
value wherever applied, fc* slltl limited. There are very 
few experimental data dealing with eqnlllbrt* between 
hydrocarbon vapors and gases; the principles affecting 
isiulllbrfai lu delfJs which do do* Involve hydrocarbons 
are well known, however. There la no reason why these 
same principles should not la- applied directly to hydro- 
carbons. Doing so leads to theoretical conclusion* which 
suggest experimental research. Application of the prin- 
elides Indies tes that the entire problem of cracking oils 
revolves about Ihe equilibrium or Kinetic conception of 
react Ion. 

It has been experimentally determined that wbnn 
hydrogen iodide (111! la heated there Is a deholto per 
centagn of decomposition to II, and I„ detatodent npon 
thn temperature of the system. Only nt extremes of 
temperature do the equilibrium conditions carry the 
reaction completely In one direction. As the tempera- 
ture is Increased the percentage of ueeomi»»ition In 



creases. Equilibrium conditions prevail when the square 
of the partial pressure of Til, divided hy the product of 
the iMirtlal pressures of H. and I„ equals a constant 
The rs|iil]1hrtum relationships for hydrocarbons i 



• Jasrset of the Koclrtj of Chemical Indastrr 
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Moll* have tint Uvi» iU-1 or mined, Ult heeuiua* of lite 
validity i»f t!i.- equilibrium i>rtiwlj»lc* tmd I lit* twer-dhl* 
nature "r all cbetidcnl rett.il..u>. liiveutUtiitod. ww nrr 
rvu^imlily **fe In ii|i*l>'lnir ibe- -nine principle* and 
ivumniIii..* to h><lrHci.rh>.ii reliction* Tin* »|iiHlbrliitM 
t<o|.»t>]rriii|ou.-« nn- liu|Mirluii( whatever end ll I* ilewlred 
f <> r*-at'b, wli«*tbcr lllurjtiiuiiliuc im*. iniw.llm'. or *oiim* 
ortu-r iirmluctM an- ilu* tie-tutr »*airbl. In *ou>c cii-h-i* 
h will la- found dolrnl.b- to | -mi It (lu- reaction to 
i^miHi mi .^ulllhriuni mi * rclatlv.ly Iilyli tciuiwruturc 
*Ii<t*«m hi oih.-r ^|t»..M> ImporfitiH bydr.x-urlioii rear 
Ii.-ok tlit- o|iilUl<rhiin of Mil*. Muli loin|w.r*iwre would In' 
»lc»lrn«:iivr. In either m-e life ft|irilMH7liiin eoui.t l.m 
would mtvi* a» an Indication i>f the deirree of wtiww* 
I Iiu I uilplit be ri[mi4fL «•* well it* «if the direction the 
ri'iii'lUiu would tuk-x riifortuiuitcly |.r*r(lriilly now <i| 
the nuiitrrtrul valuta of Hie conlllbrtum coiXNtanrn foi 
hydrm-nrbmi rem-iiuim have beet. . 



The npplk'aih.n of themii*dymiinu: ojiilllhrla to 
liydrocarttofi* did he 1 1 lust ruled by aii«- i»r two <lniti|<* 
.-viunplc*. I.rt ii* i-mislxlrr the fnllimliij; reitrtloii* him] 
tbclr itrtiMiiiklN i which «n' np|tro\lmiitr* : 

<'. u . ? +• our.'? l.ss 

.'W'.M.^r.lI, !» X I"" 12 X Kr» 

it'll. Jt'JI. +211, Oi.tt—H o.ioH 
Any mini tif r of other* mlcht be taken. Important 
miitlii'iuatU'fl] e\j»rr***loii* whirl, trtve npproiimiitlon* 
fur ilu- tabic* of ()»*•• 4N|iill|lirluiu ri4iHtftnlJi for hydro- 
■ iirlMMiM mn found ih m*ch work* on tlio-mi.*l>iMi- 
iub"»* jiiii] I'bywtriil diem l-d ry. 1 Ah ttooii mm more of IHefH 
nrr kiiMwn ut shall have a better iuideiwti.iidluK *X leni- 
l-erature .-onilltlott* ii* related t.» .*her (imdltton* lit 
ou-.-ru< khii; |»n ••»■*!*(•»,. 

Tin* ii|i|^-Miii>ii nf illfTcriTiC |>rtwHiirt«< tn llw xfilM^n* 
»»f ri'iuilxiii id llw irikklnir |»nxwi bni« Ihh-m MhiI(<*<I. 
Nuiinrxiu^ jKitrnts mul nrlit U* mn W fnuiid hid^iitliitc 
tile u»*- trf lnn-4-aMil |tr«->Miff hi Ihr itfodai-UiMi *>f ich-mv 
litM> tiiid lUuinliiJiiliii; K9N. It im" IirfiK Ikwi known Ihnt 

Uibrliittlnit «1U 'mi !»' rvortvrvtf rr i-m.-h-iitly dl»- 

tlMntl.ra umlrr imrtkul Tmuum. Tlu- OIoUIIhIIixi uf anl- 
Him- umliT dlmluUluil prr-«?*un* Ibroiicli I be of 
Im «ttiiiwttn lnln'niti>rj' \%m*-iWv. In Km*b i-iiic**. 
■r, IIh< iJi]»it of tb»' i<r«*ct>Mi> Im im4 rn mrk an nil, 
■mii |.< HvMd rr;i.-kh.k' It fur, i|m< i-ffi-4-t i»r ts»*0y 

«liniliiUh««I |tn— «n IU r*t Win* iihMi<*i* U i>r.»HS- 

.iillv iimni inil. Fin- ii ibtuil^l n«iNldt-nitfi«i «»f )bU 
ii^vi t ..f i nn klute *w Mm urllrlr- uii ■Tlwrnial Iti- 
tiniiriK lii ('niiMiivllitc W'aUt tlu*." liy U'bltiilwr nud 
KMliuini, Juat, /hJ. audi /.'wy. r'Ai-m., v««l. 41, |->f ». :ist iiihl 
17'-'. T" -Iwiw tin 1 WTWt i<f vjuyhij; Mif |»rc>«»iin» w!h»*i 
iTat-Lhiji mi nil. cminlder Mif X''»"'nil rpiirtUm, A "J 2H 
.i.<<i* wIh-ii KA - Tliui iHiuUllt- 
U Ulmll.nl with llw* our* rrfM-rrd to 
iHHbT rt'Ui|HTii1iirf, mid dml* will) llw* wl«Mrp |inrlUI 
|irf-Miirf< jit »*i«UUirliNn iiinlvr dllT^riiiif n»iii1!tlirti»i wf 
lir«-«H«nv fur imtiMTical IIIUNimllob nwunii' IIm« i»ltw 
K to !*• is|iinL I- I. Kn-iu tl»U imii- llndK Un |t»nliit 
|tn>>«n'x, wlu'it A im, 11-10, «r wlim A— 0.01. 
It ...I, 1>. tli*. tttsi tlw- iNirtbl prnwrP of A U 
Him-* «h K«nii jih (lint of 11 ; In tbo **rt.»d in» thp 
l«iirtlnl pri"«-<iin- of A i* •ml* mtt* d'nMi im lurti' 1lM- 
lurtkul |n»-«im- of 11. In oMu-r witnlt, by Kini|ily chuiiic- 
hit; Ibi- tutiil |ti>r*>uri' on tin* ;«y^4cin nnd knplns nil 
..M..-r . ..n.Mti.j.y n.iijtMht, thi- mt\t> of A to It for Hip 

jiri'KMiuvx xlu.wii Inn* U* u iIIl-mM by KHI, ThU ^HlVi'p 
<nn nh.. !*• liwrwl by |-4«^tln* Mu* |wr»lk.l«, It 1 ^ KA. 
wlii'Ti* A mid It nrr variable*. Knun Ibfct It Ikhwiict* 
t'Vtdciil Hmt dluihiUtiitl |tr*T*(<uri* lorn**!* dl*r<i«'iutlt«i 
or ilii-t^iitiiMltb>ti to tin- iriiH^HM )ttaiti\ Hb» In- 
t rf:»**t*l i»fi'K-.nr»- d^-fi-ti.-*^ dlMM>-l:itloii. Th*' moimfiM-- 

inn' .'f jctiit Kr .IIi».Ii.hIm-I pi^urt', mh n-i^rbit In 

(!»• «Uiw nieiiil -d iirlU-li*H. HhMmiiH tin- f4irmir; 

It.. 1,1. -Mini iiHth.»N f.f 
U-:n > »i\>. by biiitlme Hmu mid. r In. n-nx-d ]*.-*nrp 
||J.i-lr:.l,- Hi.' |;it|,T. 

In d.nlimr with Mi*- InlUi.'iici' of oitMS'tdridlon . IrtnK*** 

im- in- ii|.|>lyinu « .-f Ibe <-omiin.il Ihwh itf idiyd.-ttl 

. Iw mUiry. In llw .ll-^.« liitlon of III by brat n.-. onllm.' 

I't i-4|liHtii.|t "JMI^II.+ I;. ISirl'ri 

K - V„\ ii i* n wrJI-ktioirii fiw-f 
ir.nl !.--«. of ll, r III uill dS^.^lut.^ In an iiliiM*.|.lun- 
.*f II. mi I , Uitiii in :ui iiriM.^-itlM-rv- .'f hhnitii-n or any 
..tii. i Im n uiH TIiIh mn ol'-orv.-d fr.mi n «p;»rl«.- 
«ii|i*-:«i oii|H(dfi-iiitni ->f *<|iiL|lhriiim I'.utdlll-ih*. |.itr>-l> 

ti.l.b- fr.M1l 111." ' ll.-llll-.IT? hiv.tlvul. Stlirv \\w VilllW iif K 

d<F«<4 h." < tiiini:.' ut tiuv uivi-n i.-mroriiiiir.-. if itn* i'iiiUjiI 
I-i>— din- ol II, Is ln.'tv:i>.-il, Hi.' l-nrll.i] | f T.s^iir.- .if I. 
n»-*'i'>*Mirlly iln>n^iM> lini.-^ Mm- imiiMji! pr^ur*' of 111 
L> h.. f.-,i>.d >iumlliii.^,ii,ly, .V^uii.m ttud III.' I! ; id Mm- 
.\uli.|.rr .It.vl ».r. in . to Mu- rxtvlit tlllll T** |» t 

'S,r„v' |t..,.r »l . ■h.i.Miry I-m-m.1. c,|lw.«,I J.-Uln.-k 

ri»Hk»ll<« tn * I !*• .I t 1iv*r..»t.l} t. >fcknr I'lMmiitrbiimW 

..!..( I ! N rr» a ivnar..lL Moryv. U*. lil.-m * c! flix»»l «'fc-.il- 



cwit. luNlt'ttd uf 10 p»-r itut, irf (be rvnultaiit mil Inn? 
wi*Tt* bydrn^n; wbnt, in thU vtiat. wiHibl bn tbn joir^ 
tin I |.n-wiar(4i *4 III nnd I* smmiiuIiu; ttw> (ottil prvwHur*., 
to U. tH|iml to 1 mtttottidieri'V nr.-imrtlal itrewfturt* 
!l„ x-^imrllal i»r>w*orr III. t»5— x - i«nrtlnl |irv* 
•.nrv I,. 

l J a,P..- (0..1i i0.5— <r 

K - IV, 0 0156 - x ' 

Sotrluic X — III. 0JI —X ■ ■ oOflh I„ U.1 11^ IJi/J 

H-r onit HI, UN nrr rrat I„ &u \tcr mit H e Tlia-*, by 
a ]»r«<> px.-w- of bydrmtm It U jN^lble tn 
•'lirotnnte, pr*Hl.nM>. Mm* uin^.tiibliiHl bxlhie. Or bmfc- 
liijf nt (be iinibletn lu aiHitber nny, it Ih i4iw rved Muit 
nlniunt Ditat* <if tbl? Ill b* dlMorlittrd, Ihm'JIIIm* itt lli»> i*\ 
ee** .*f otw of Mm* will itriMlurtM of iloi>«iQa|NixltU>o. In 

Mir «ml iirudacta. 

I»rairhiic an analogy one wutild ex|M<«*t (bat cnu-kliuc 
(H-tru4i'um Ui tbr prmraw of an itid |>njda.t. »wb at* 
bydmin^i, would Irawn ail itaiiuuNMlluin ; In ordttuiry 
urai-Mrv wom«> oil diMiiai|Mi*«it»oo l>» tw."»-w*nry to |»rtNli».H> 
(Iif bydr<«ru aul i4lwr t»»*-* niiulrtHl by Mi«? oi|iilll|»- 
rlmn nt Mint (fii»|*rat*iri', Thin df-<uui">dMini nilfbt Ik* 
HViddtMl by (be addition uf tbe tirmtnary liydmin-u or 



tiirrlrd <ait lu the laborutory II wan found 
nil ut rrai'krd In tbn nroxrnr* of ma *xw+h at bydr»«on, 
not only <ba>n uotw* of 1|m> hydroff.'h of (be oil ^>|lt off, 
tint a coiiMldrrable («rl of tbe Added liyd rotten actually 
efitent Into eotubltkatlolL TUIk mrana Uiat It bt iuit ncr- 
eMwiry' to generate neir Knueoiut end prxwhw-t* nt tbe 
es|M-iM> of oboiv rnlunWo I 

lit . taii hDd.Tm, It np]M? 
of Hiytb-ul i-tiemUal |>rtn._l|^.*H to tbr eraeklnjc of oil. a 
better i-oBlr.il of hi*1 ereater Hexlblllty In tbe rmulUnt 
end i.r>«luds ean be expiM-tinL 

Gun DeftfoeM and lu Prevcmion 

A auiijp^t of tlnwly inl««re«it Ami Wnportaoee arxl mw 
dial It. elowJy nlhe.1 tn lh-. *ul»Jret <rf tV induslriul 
iU»e»ae« In prtieml that of tbe injunoti to tbe ear result- 
ing trutn loud eonruK4loriH. Wliai may Iw rvcnrtwHt uh 
on** of Mw Duttor ft*wMent)» of war m Dt'*ertbelet». Ihi'iiuhc 
of the larve numl^«r of mdlvnluaK tHHuu-rned at tbe 
tto-M-nt time, one tlint wiimt Im- Itftum*!. Monnver, 
the uural injum«* Ut «hb*h ibe w4dirr U etpoMil are iw» 
dilT*-r«'itL fn.ni tbo«e of Mi« Uollenualer, of llw itrui-turul 
imn »ork»r. of tbe HjxirUiitaiu atul of tbune mlio are ex- 
]KJM*d to I tie «uriek of tbe railway irliiBllr « hen a train 
i» nuoMnif tlironcb a tunnel or eovered nUilion. Joboou 
lloroe, in tiie Lanert, Ainxuat 15Mi, 1W14, pointa out that 
the repnrt of a pin* uf artillery, the eoueutuKiu uf an 
expUmion, ur tbe trio* at a ejuutun eUw lo the t*r may 
exert ita injurious vlleela upon the nerve terminal* of 
the ear, inay rauir rupture of the drum tuetiibraiw-, ami 
may even result in irreinodiable dea/nc-Mi. Durituf the 
HiUMo-Japanen«* war, amocuf tbe 1,7111 men who were 
wountlfil in tbr naval enjmcemeata there were lltl cases 
of winrumon uf the labyrinth and rupture and eoiiffustiun 
of the tympanic membrane, which ease* represented 7 
p*-r i-ent or tbe wounibsl who nurvived. Tlw» injurteti to 
tlw> drum and to tbe nerve embnipi arc due to tbe nuddro 
oondcnKfttion or rarefaction of tbe air in the external 



(I., nlhrr. IS.Uu*r «Ut*-« that with tlwt i 
in nio«U'rn artilb-ry nip turns of tin* drum membrane are 
m»w inuv.lv ever met with. Thi* in attributed to the 
iutroiliH-iHHi uf hTw*eh lriwdi*rs and also to (lie fact that 
tti%' **;rvin|E party withdrawn to a dutance of about twelve 
pa*-** with tbn exee|dk.n of one man who atlenils to the 
firiiU'. but who aiao MlaniU at n ^uu»iderabwt dmtance. 

In naval warfare, liowcvrr, the fruiwrx cannot lie pro. 
t>< id In thU manner. Ex|x«rionee bow taught Ibc jntni>.*r 
tlia? by keepiiu* the mouth open mi a* to equaluw the air 
pri'«un' on •*i , b xhle of the dritin ni. nibrnin. the un- 

Tl«- b^thpb i that i* ehew.^l by naval 
wrvinif the eun»< jMirtly fulnlU Mum n quir. rmnt, al- 
Ihouvb A |wee lit rublwr rolUd ln-twer n tb.> t*< tb wnuld 
Ik- ntill U-tter n* a n***n« of knpituc th« nu.uth jwrtlv 
open. The JapajifH< aa\nJ *iirjr»-«in* diMtrilnjUHl jklcdhvi*. 
nf ii1tH.»rl.i'id '-iitbici to the entire crow with tbe tiulrui'tiou 
thnl the earx 1«' plueK 111 ) tip iliirinx tlu< tirinjt nf (rmi*. 
1 n <pile * »f ' hi* mi4uiure<, poaubly on aeon nt of it* coji4o*« 
jili]>lie;iluin in individual .-a*.*, nuuiy iiuttanee* of deaf- 
nevx n-nlle.) Ih IH1 1 the finish Admiralty adviM^I tbe 
ii**- of an aural plug eon*i*.iin« of a mixlure of pUv.iieinc 
mul eott.iii-w.-d, J..l. w -n Horiw Mievi* that an elni i-nt 
iiiiTiil pluir sIi.hiM U- eb*M-lltrii>if and ImpervwiUN, and 
w bib- re.lu.'inj* tin* inl.-flMily nf M>nnd nhoiibl not prevent 
lu ariiu': wlwiuld Im- .**v to in«»rt and eony 1o h-«iwive 
inta- l: it should be non-irrllatiiix; it ubiwibl be incx|»n- 
jiive *•» that the Maine idtift* may w»t be- ii*ed n*p**ted|v; 
and. ai»«e alt, it tnu»l U- a* hearly ajitiw'pit^: a» ]Mimiblr 
Huni.-wntly liehtly in iw.t 
lo.« nut h>i« rtunain M.-rib- 
wb.n handled by men cnga«*d in yun-nrliMf. Tit* oar 



ping* made of viilramte rubier, oir cu4luh^il itautiot Iw 
•npplwx] tn fit exac tly the channel of i Ii— ear. They niu*1 
lie made of a «4ibHtaiw^ that retainfl it« shape without 
hardfmn* or ftof<* uiryj oihI mnain* ever plaatic. A niil»- 
HiaiMti having the eimHi«tfiicy of jeweler"* wax may Im* 
produced ami ntit) ma.le to fulfill all the requirement* 
of ciTi- tivoly phifncinc the ean. and al Ibe Nam* liiwi of 
|»ev»ntiihc infe« t».«L— AtniiMt Htrard 

A Norcl Mrtbod of Flfhllnf Sp«tt«d Fcrcr la to 

be undertaken ex iwrlmeii tally in tbe Rittcrrnot Na- 
tional rorwl. Montana, tiy the Korewt Service nml tbe 
Public I leal lb H.-rvUv. In ii*.»fieratlon with haul *ht*%t 
-rowers Sji.itte.1 f» v»-r U In-lleved l»» be dloaemlJialed 
by a H|ieeU« of (l.-fc. mid (lie eitKorxlJix uf Uu> female 
tkk with bluud Ih one of tbe rwaentUl features of re- 
|)jrodurtiuiL Tbe b.r*t t*i wbieb thi* cmcarKlnff; Lnlom 
pliu-c I* luxvustiirlly .wic of the lnrfier mantmnl*. ami 
tbe e^miitt.»or«(t tuM* ji|if>e«r to (»♦ .bAleNtlc anliufllN, 
.\m (he wau«i fever tlek t* ho nlHtudHiil In Ibe HKter- 

I'.n4 Vtmmt »h b> '••llHtKute n »^r1oUH melim-e to mail 
nnd N-ant, It Ih pro(M»Mil to turn Iuimu u Soek of 1'JVUt) 
xhe^ji to irruKe In tbe forwl, In tbe exi»eetutloo (hat a 
urettt number of Mrkji will attach tlirmnclvrsi to Uiem* 
iinlnnibi. Turn, from time to Um», the nhpep will be 
frce.1 of tl.kfl by dlpplns; them In mi Inaevtwlde hoIu- 
tb-i. It U bniH^l (Imii by tb: 
Kriidiially twnhlied rr«n tbe fortfit. 



Wk wljdi to etill attention to tbe fact tbnt we are In » 
]n>HltUia lo reinler eomiH*lent aervlee*! lu every brunch 
• if ]MiLetit it* Irade-iuark work. Our -staff U e.im|NHHil 
of mechnnienl. eleetrteul and ebemH-al exiaTta, tb»r 
*i»Bbly (raiocil to prepare and pnwrmt* all latent 
plbcatl.m*, Irmfiectlve irf Ibe duplex nature of tlw* 
xubject twitter Involved, or of (be n|>refiillRed, twhnbul. 
or sdentlfk" kiMiwledne required tberefor. 

We also have aHaoehttLn tbronaiiout Mm- world, who 
atodut lu Uie privaecutlon uf latent and trademark ap- 
plication* tiled lu all cnuntrlrw f.^eljtn to tb» l nlt«l 
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Nocturnal Warfare 

Th* Antomobile-Moaated Searchlight* of th* 
Preach Army 

We lint accustomed in theme days to find the auto- 
mobile put to a variety of practical turn. One of 
Ilia neral developments of this kind U a traveling 
searchlight earrieil upon an uutomobile, and designed for 
military use in the French army. Tbe general aspect of 
this new piece of military equipment is shown in Fig. 1 
of our illustrations. The second figure snows some of 
i In detail features of tbe arrangement for loading and 
unloading tbe truck for carrying tbe searchlight. Tbe 
car can be propelled at some 19 miles an hour by an IH 



horse- power motor burning gasoline, alcohol or oil. and 
capable of negotiating a 12 to 16 per cent grade. The 
fuel consumption » given aa a little over 10 gallons per 
100 miles. Both tbe automobile motor and that of the 
generator are of the De Dion Bom ton type. Tbe search- 
light ia a 7,000 candle-power electric arc lamp fitted with 
a 38-inch reflector. It s» mounted upon a truck aad can 
bo taken from the car and act up at any suitable point 
within a distance of 328 feet, thia being the length of the 
flexible current leads from the lamp to the car. The 
searchlight may. of oourse. be operated in It* position on 
the ear, if desired, but as a rule it Is preferable to effect 
its manipulation from a distance, so aa to avoid looking 
along the beam, and thus having a deep layer of brightty 



iUuminated bar* interposed between the eye and the 
object sighted, clouding tbe latter from view. In lime 
of war it may also be an advantage to be able to place 
the searchlight in a comparatively exposed poeitioa, and 
yet to operate it from under eover. The'devioe employed 
for thia manipulation from a distance >« very ingenious; 
without gwng into a full description it may here he said 
that It* operation is baaed on the response of a tuning 
fork at the searchlight to a vibrating current sent out 
from a contact breaker tuned in unison with the tuning 
fork. There are as many tuning forks a* there are 
different movement*, each tuning fork responding to a 
s peeific contact breaker. 

Hot fieldfwock. glass reflectors are undesirable owing- 




Fig. 1. — AutoDsobile.mounted searchlight in use by the French army. 




Fig. 2.— View ahawiag loading and unloading facilitlr 
THB SEARCHLIGHT IN WAR 
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Iheir fragility, bdvrecd raetal mirrors an unsatis- 
factory owing U> the fart thai llie.v become Uu-uiabcd 
Ulid«r the Influence of Ibe tire Inn are. Of late, gilded 
iitirrora have been used with iodiwm. Ttit? brijrhtnenK 
of tlie electric an' may nvb a figure as IukIi u "i"iO candle- 
power |wr squan- nuMimcler. By the »»y of comparison 
it may be mentioned that liuic UgUt gives at 010*1 only 
N candle-power fur xlic same area. The light comes 
ulaiuil entirely from llw- positive carbon, and the two 



Train signaling in France 

In France, automatic tralo signaling has been 
adopted, or ia being tested, on must of the prluclpul 
lines, notably tat Northern. Eastern, and Southern Hail- 
waya. the I'arla. Lyons qih! Mediterranean Hallway, 
and the Ortcsna and Statu Itallwaya. 

Knli ilc*cTlptlont of the various ry|ics of nlj;nallni: 
11 warn tut* adopted on ench of the above lines were yrlvpn 
11 few days ago at the furl* meeting of the Institution 

ernl Hum. Moat of the syalema adopted an- on the raiuti 
principle, u metallic brush dc|K-ndliig from the engine 
making olcetrlcul ctsMiict with a ramp plnord between 
the ratla and connected with the idgunl tit Un? aide of 
the Hue, thua giving 11 vlnlMe, and ununll) audible, 
warning in the driver'* 01 1> If the signal be at danger. 
A lypk-nl wai 



u:il>« at diiiin-or which I* imw adopted by lite l-art*. 
I.>.i||n jiinl Minlltcrratieiill Comlakn) oil 1*0 exiirenn ltn*u- 
in.-llvcs aud oil °,\s mile^ of doable (rack, with 31ft alg- 
1111U fully e*|itlp(*d. was well descrltasl hy Mr. I. 
Mar.Vhal of the 1-srU. l#uu» and Mediterranean Rail 
way. Not only duo, Ibe apparatus actuate a npwln1 
«hl. (!>• which wnrim the drlw me I nioker. hat It gives 
no 11 nianuMtall.-ufi'r roll a algu Indicating which slg- 
nn I It wan that nlcel at danger. Ttie apparatus placed 



ur rninii. placed us above described, aud a 
I by the alga*] and connected to the ramp 
am) to the ratla. 

The nn|>nratii* 011 the engine consists of a brush 
which ruin on the ramp when the engine paaaea over 
it . a |<ueiiiiiutlt! horn irlvlnit tbe warnlnjt; aa aotomatic 
devirc for nin'tulihliiB and acodbia- comprwaed air 
tlinmitli the horn: 1111 aulomatle dnrlce acting «o Ibe 
rctfttftcrliic oieebuulMin of the apeed lodleator; an el«c- 
tro-pDoumntlc relay, whlrh prorldeit the uiidutcbinc de- 
iltv at the lioni mit] the rv^rlnterliuj npnaratua with Ibe 
onii|ife*ii4*il air ro<|n1reil ; n battery wbkh provlden the 
i tirrei.t for Ibe electro-pnevinaUc relay ; aud. laatly, a 

ThL. warulii* awl n'rinterlnj: ayateiaj la thtix howl „u 
the rvunblniid u*c of elrctiielty and rnanpreivied air. It 
innkea It nerenKary to nap *nitfh«8 and rauipa abnllnr 
t.i ihreie n>1oiited 011 other railway* where the ayatem la 
entirely electrical In Ibla lutler caae elcelrlrtt}- U the 
uuiliutn nlticli hrinca abuat the unctateblru? of the ap- 
linratiia durliiK Hie very alwrt Mane fhnt tt 



lakeri to {rntut over a ramp. '1'bia uocluldilni; nanatia u 
i-ertlllll foree beltlf excreUei], which, however weak, 

Mr. Miirft hal elaln*-. to In? not a oegluglble < 
that ni high apeeda rullarea inlitbt reault. 

In the l*arl*. Lxmi und Mediterranean 1 
trk'lljr conna lulo play only to rclenic the artnuture ut 
Ibe elertrotnacuet of the relay, and to clone a circuit on 
ihr enjrlnn Itaelf. artlbiKlt rtolDg nny linertuinlcnl Work. 
Through Ihla local rlrrult of the electru-i'iieuoiulk' 
relay twhlch fa, fed electrically from the baiter} on the 
eiiglue aud pueuiuatlcaU) from the receiver) beiiiK 
closed, the Coinpreaaed air liecoiuca the agent which 
itefiultely providua the mechanical power required for 
unclatrttfnr. and roclntdilng 

On Ihe Orleans Railway electrical train aigualiiiK la 
hot uaed, the ayatem preferred coualstlnx of slicuala 

aelUng of which at "danieer - U revealed hy the eipk>- 
alou of two cartrldgea pUccd nuUnnatlcnlly en the track 
when the algnal U aet at "ilauger " If un aecuunt of 
atmoaphcrlc contlltlctia or a UKituenl'a luutteutiou a 
drlrer iloea not notice the algnal hy the aide of the Hue. 
he will tie warned of Ha iireaeuce at Ihe tamtnent he 
paaaea the poat 1» the ejpluaUui of the Iwo cnrtrl<lg»« 
which the alirna! bin coUled on the rail* when torued 
to "danxcr." The rciwtt proiluced hy the ekpluaiun of 
the enrtrldgn* b> ao loud that II la tmlioiuilble for It to 
Iv overlooked- This syateiu. therefore, baa the advan- 
tage not ouly of warning: the driver hliwelf of the prea 
ence of a abtual. but also the oUkcluU, nnd even pa^weu- 
tera on the traln.-Tnc itaily Tcf.-jiruj.a . 



Heredity-IV. 

New Theories and Facts Relating to the History of Organic Beings 

By Prof. William Hatwon 
Concluded from Scikntihc Amkkican Surl-LluiEKr N->. aOl'l, l'agc 195, September 20, 1914 



To all theee great biological pmblenia that rnoderu 
aociety lnUflt aoouer or later face Uiere nre tnuny u*- 
pecU bealdes tbe ubviou-t otitti. Infant lunrtallty we are 
aalccd to lumcnt without the Kllghtwl thought of what 
llwi world would lie like If tbe luaiorlty of Uieae lufuuU 
were to «urvlve The iha'lliie In the htrth rate In muo- 
Jrlea nlraidy ov*r-i«pulnted le often deplnred. mid wc 
arc told that a nnllon In whicb population Ik not rapidly 
liicreaaUijt muat be hi a decline. Tbe allghtcat aciiualut- 
am-e with biology, or even achnoi-lioy natural hlatury, 
ahuwa I bat this Infervtuv may be entirely wruoe. and 
tbut before auch a iiueeilon can !«• df -lded Id one 
way or tbe other, boat-i o( cou-ideratloua munt he Inken 
Into account. In normal atable condltlonn population 
la ntatloiiary. The lulty lu-vi-r appredatex. what ia no 
clear to a biologist, that the Irwt century niul 11 itiurtet. 
corrwiwudlnK wiLh the great rlnc In pupulatiou, bn> 
liecn an altuei-tbcr eicepllonal |ieriod. To our n|ieci*» 
Ihbi lafrtod haa hem what Ita early yenr. In AttrtralU 
wore to the rntibit. 

The eiplullnlkio of eiierny-capltiil of the earth In 
ciMk developtnenl of the uew eountrlea. and the coo- 
«ii|ueiit pouring of food Into Kun^ia', the iinillcit- 
llon of antiarpttca. Ibi-re are the tliinea that lut>e 
enobkil Ihe hauian pupulntlon to in-rrow. I <ln not 
doubt Ibul If poimhltlon were mure evenly apreail over 
tlie curtb 11 might llicn-ane very luuch inure ; hut the 
oaacnltal fact la tiiat uniler auy stable ctiudltloua u 
limit tuuat be rcneheiL A jatlr of wrcna will bring off 
a doxeu young every year, hut each venr y»i will find 
the name nuralier of |«lm In your garden. In KluUml 
the limit beyond whkh, under pm».-.it comllli..!;. of dl. 
irlliutlim, liicnute of po|mlatinn In n a.mrcc of .ulfL-riiii 
nilher tbllli "f hn|i|tlDei» has been reached already. 
Younger couiuiilliHIce llvlurf In tcttlf--irlesi largely vaniiit 
are very probably right In thMiltig anil eiiciniriiglni: 
more pismlatlulL Increaie uiuy. for M ( nue tcBiituniry 
r**Min, tic ewiciitial to tbelr pr<c(|*-rity. Itut Uui>e nbn 
live. 11- I ibi, aiuiniK thouaauda -if cnulnnw In 11 atate 
of ml slnrciill.iii will renllie tluit t.n few I- l- tter 
than too many, and will inkti.iwl.ilx.- tin- wlailnni or 

>ka!lealaatlcua who anld •iKnlrc n,< II multitude of 
unprintable chllilrt-n." 

Hilt at leu>< It In often uiym! thai the .1.-1 1 he 1.. the 
lilrtb-twte of the intcnk-cril und nlmw- -f.tl -..TliMim of 
lb.- |ni|.lllutli.n-I am -.In-nlliiic nl the oldei ii.irin:ii|.|tUa 

la to lie n-crelled. Kn-r. Ibl-<nnle.» ar.iM. .1 u Uli..i;l 
'jualltleiitloli. An tbe l.|..l..;.-.-t kc.iw.-. dincr. ctln1|..u In 
InilbilHinidil.le tu pri^t. •>. If |nt|iiilntL..i. w. tc lcnui^ei. 
•>..i|n clvlllxnlli.i. >iu>iM Ih .■i.-ry in;.i tie cfll..vm 

nnlnt In- 1-i.lulnaTil 1 1 % - H f.v I '. .i.-.-.|il. til k. If If.c |||:.;.IT 

• .it -3.lt. 1 t-lniH Jl H. 1 Aunttalia. I.; Pref. H I 

II..K. ltal.-..n. II t 1 IIH I l-»t. l-.-.m. rii.11,1, A.,.) 

'la<U.» t.f 1'- *it,„,.T, i»at nf S.l..,.. 



ntratn of the c-uminunlty produce more children than 
will recruit their nuiubcra aomc tnuat fail Into me lower 
ntnitii nul tncreane the preaaure there. Statlatlclaua 
tell un that an average of four children under present 
condition* In aultk-lelit to keep the number couatant. 



t«er wltbiwit alarm. 



In Ibe study of hUlory biological treatment la only 
liegliiniug to be njijilicd. Kor ua the rauam of the »»c- 
0-01 iumI fallun- of rarea are pbyalologlcal eveiita, and 
tb<. prosren* of nuill ha» depended upon a chain of tbeae 
fvenla, like thooe which huve resulted bl the "Improve 
niciil" of tbe dutzn-aticati-il aulrauia und planta. It U 
obvluun. for example, that bad the cereala never Iweft 
ilomivtU-vatcd cltlcn ivmld acarcely have exlnted. Hut 
w.- may si. further, ami nay that in temlierate countrUw 
of tin- Ohl Wnrlil Ointlng beltber rtin- nor tuaiae 1 po|iu. 
l;UiL»iiH cmicecilruted In large clue* have lan-n made 
|n.<nkhlc by the uHa-arance of a "thranhable" wheat. 
Tbe cur* of Uic wild whenla break eoMI) to iilecen. and 
tbe irraln rciunliin In the thick bunk. Hucb wbeut ciili 
In uneil for food, but not readily. A gen before written 



like)? 11 plant, of wheat lost the dominant factor to 
which thU brltllcncna U due, and the recem-he. tbraall- 
nliri- wlu^it n*ulte<l. Home tnao nMlced tbia wouder- 
ful novel!) . and It haa been dlaaeuiliLatcd over the earth. 
Tbe original variation may well hnv 
i.oly. in a nlncle germ celt. 



t.-mis i.f factum. li..w ban that peognm. in i-ontrol of 
i.iitiiiv which we call dvUlaallou been actilored? Hy 
ihe nponullc a|ii>earuiK« of TBrlatlooa. moMly, i«rbniaj 
nil, colulntirig Lu u Iiikj of dclncnta, which Ihblhlt the 
free working of the mind. Tin' tneinbers of drlllud 
ci.mnninlili-i. wlirn they Ihlnk alniut nuch thlnga at all, 
linnglue the pi-nco a gradual one. and Uint tbey theiB- 
nelven nn- o-.tlve ugenta in It, Few, however, contribute 
iinythltii; hut thrlr labor; and exce|4 lu bo far aa they 
have freedom to adopt aiul imitate, their physiological 
. .*ojnx-itlon in that of an earlier onlrr of hctnxa. Annul 
(lie work of a few hundreiU I might nlntoat say 
--:...r.-^ of incn. und on what plane i.f civilization ahouid 
™ I- 1 abouid not have advabi-ed beyond the 

in, .:i n ul >i,i„-e without prliilli.g, chemUtry, arcam. eler-- 
t rli 11 v . ur ^ni-^ei v worthy the mime. Theae thlnga are 
(lie i-iaitril.utloon of 11 few excessively rare mlnda. Gill 
ton reekoNinl thoto to nbi.in Ihe term "tlluatrloua" 
miulit tie applied >« one In a million, but In that number 
lie t.. i.f cinime. r>. k.Hiliig men fanioiw In warn which 

Id unlvcnnl progn-aa To I 



1 of that Hum- we 



apply kimwleilg* never before applied, ail these thlnga 
iw^nl getilua lu ttome degree, and are far beyond tiie 
laiwem of the average Utah of our race; bnt the true 
pioneer, the man wboae peuelratlou createn n iww 
world, na did that of Newtou and of Taaleur. In llatin- 
ire. But for a few thouaauda of auch men. 
perhajai be In the I'nlineolllblc era, knowing 
iiullhcr tuetals, writing, arithmetic, weaving, uor jwltery. 

In the hialory of art tbe name U true, but wltb thin 
remarkable difference, that not only are glita of artistic 
creatton eery rare, but even tho faculty of artlatlc eie 
joytaeut, uol to niawk of higher powers of U|<preciat1«n. 
in not allaUied without vurlatlon from the comuiou type. 
1 am speaking, of course, of tbe ucu-SonlUc races of 
nualeru l.'urope. among whom the power, whether of 
maklikg or enjoying works of art, la confined to an In- 
Icaot number of Individuals. Aiqireelatloa cao In 
be allnulated, hat lu oar imputation there 
i» no widespread physiological agifaHite for auch thing*. 
When detached fmra Uic centers where tbey are made 
by others moat of un |«tn^ our tliue lit great i-ontenunent, 
innkijig nothing that la beant^il, and ipille uni-unacloiw 
of any deprlvutloii. Munical tante In the most notable 
exception, for In certain races — for example, the Weiah 

wbM? artlatlc faculty U »1UI aponidle In Ita occvjrreOCK 
Tne ca*e of inualc well llluatratea the appllcatloo of 
geuellc aualysla to human faculty. No one disputes 
that musical ability la congenital. In Its fuller maul 
testation It denianda sense of rhythm, ear. and afayclal 
nervous am! muacnlar powers. Kacb of tbeae la aep- 

seiiuence of a special departure from tbe cummon type. 
Teaching and external InAuetvom arc powerless to evoke 
these faculties, though tbelr development may be ad- 
aktted. 'flie only cmicelvable way In which Ihe iirople 
of England, for example, t-ould become a munlcat nution 
would he by tbe gradual rise In tbe proportional num- 
bers of a musical strain or strains until the present 
type became «o rare as to lie negligible. It by no mean* 
follows that In any other respect the resulting popabv 
tlnn would be dhdluguUhablc from the present one, 
Ililficultics of this kind tiesct tbe efforts of anthro- 
ladoclsrs to trace rariul urlgtna. It inunl cciutlnually 
be remembered that most character* ore Independently 

a race la pan- or mixed loses nliuont nil nlgniltcauce. 
A race In J«ire If It lin-ciln pure anil lint otherw lne. Uls 
torlcally we uiuy kuow that a nice like our own waa, 
aa a matter of fuel, of ini\cd origin. Itut n character 
may have been Introduced by u single Imltvliliuil. though 
It liecomcs ««inion to the race. Tliin la 



a variant on tbe taiuUlar paradox that In tne 
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.•oun-e of time if registration 1* accurate we ahell »U 
have the snwe sunlamp, lu Ibe cane of music, for lu- 
-tljuiL-r. tlie gift, originally uethapa from a Welsh source, 
might permeate the nation, and the question would 
Ihcu n riw whether the nation, sn dunged. mi« the 



Such u problem U raised lu a striking rcina hy the 
lM|*ilutlon of inoilora (Jreece. and esjss^lally of Athens. 
The racial ctmr»cterb.tlo» of the Athenian of the fifth 
reniiir) n c, (ire ilvldly dearrltied tiy Gallon In "llpretl- 
Hary lieulus." Tbe fact tbat In that period a uouula- 
lloii. numbering iuau>* thowrfitiils should hare dieted, 
capable at following Ibe treat ntaya at a Unit hearing, 
reveling lii subtleties of spcocb. and thrilling with na*. 
Hloruite delight In beautiful things, u physiologically a 
■no** slugular pbeDosnenon- tm tbe haala at tbe num- 
ber of UloatikHU iu«u produced hy that age < In I ton 
estimated the average IntelHgvticv 0* at least two i>f 
bU degree* above cur own. differing froin us ns much 
iui we do from tbe negro. A few gesicrntlnus later the 
display «>■ over. Tbe origin of tbat constellatimi of 
tiuniau genius which Iben biased out In a< yet beyoisl 
till biological analysis, bat I think we ure uol altogether 
without suspicion of the aoqunoce of tbe biological 
events. If I visit « poultry-breeder wlu> ha» a Hue 
stock of thoroughbred game fowls breeding true, and 
ten yrur* later— tbat In to ») lei 
later I go again and flud scarcely a 
fowl on tbe place, 1 know exactly what hax huitpcmsL 
One or two Mrd* of *oiu* other or of no breed must 
have strayed lu and their progeny been left midc- 
slroyed. Now In Athens we bave many Indications that 
up In Ihe brgtaulng of tbe fifth century mo lung aa the 
> were malnmlucd In their Integrity 
r clone endogamy, a condition giving the 
ticst chitboe ot producing a homogeneous population 
There wan no lack of material from whlcb intelligeiitv 
ii nd artistic power mlcbt be derived. Sporadically the»e 
■lonlltleii existed throughout the ancient Greek world 
from tbe dawn of history, and, for example, the raw- 
painters, tbe makers of the Tsoiigra figurines, and the 
gem-eutlcrs were presumably pursuing family crafts, 
much an are the actor-families' of Karl 11 [id or tbe pro- 
fessorial famine* of (lermany at tbe present day. How 
the lutellectual strain* should have acquired prcdomt 
nance we cannot tell, hut In on In breeding community 
homogeneity at leant In not surprising. At tbe end «f 
tbe sixth century came tbe "refunuu" of CleUdheue* 
IGtti H. til. whlcb aanctioned foreign marriages and 
admitted to cltlsensbtp a number not only of rejddent 
aliens, but also of manumitted glove*. Aa Aristotle 
say*. CielatheneB legislated with the deliberate purpose 



tbe i*tloua sections of the population might he mixed 
uj> ua much as possible, and tbe otil tribal aaaoctatlon* 
abolbihed. The "reform" wan probably a raracnltlon 
anil extension ot a proume already lieguu ; but I* It 
too much to mippoiie that we have here tbe effective 
nilig of u aerie* of genetic ehangea whlcb In a 
tered the character of the 
i tbe old law was rwtoiwl (4.M 
II. f t, hut loaaea In tile greait warn led to farther 
lailly In pracllce. and tbongh at the end of tbe Ilfth 
teiitury the atrkt rule waa re-enacted that a eltlien 
miut be of cltliefi-birtb oo bolb aide*, tbo population by 
that tun* mny well have become largely niongrellaed. 

1-et »e not b* conrtrued an argulug tbat mixture ,.f 
rnce» In an evil: fnr from It. A population like our 
own. Indeed, owed Inurtl of It* utrength to the extreme 
dlvwndty of it* rampouenti, for they contribute a corre- 
sponding abundance of aptltudei-. Kverythlltg turn* on 
the nature of tbe IngTedlcuts brought lu. ainl I am euii 
ceroeil solely with the olKicrratloll thai tlMe genetic 



i In the uatnre of the populuttou. 
Some experiment* of Ibbi Mud aro going on at the 
prvneat time. In the I'ulled Stateo, for example, on a 
very large stale. Our grandchildren may live to m<o 
Ihe cbaracUrl*ti» or the AmnrUwn population entirely 
altered by the vast Invasion of Italian and other South 
Kurupeau element*. We may expert that the Kastern 
Htate*. and esperially New lii.glaiwl. wbo«e p««|iie "till 
exhibit the ttne Puritan qualities with tbeir appropriate 
llmKaUomi, ahwrblug Utile nf the alien elements, will 
before lung be lu feelings nnd aptitudes very notably 
differentiated from the rest. In Japan, alno. with (he 
abolition of tbe feudal system aud the rW< of ooramcr- 
clailsm, a change lu population lias begun which may 
be worthy of the attention of naturalists lu that coun- 
try. Till tbe revolution tbe Hnmiiral almost alwais 
married within their own cliiss, with the result, ua I 
am Informed, lhal the cu.lc bad fairly rerogulaablr 
feulure« The cbnugw. ...r 1MI8 and tbe nMisequent Un- 
lioverljhmeiit of the Saiinirnl have brought about a be- 
ginning of disintegration which may nut improbably 
tune peni'ptlWe effccU. 



How mau> genetic th-hnliudes ha« owl own peerage 
uuderguue! lulu Die hard-fighting Bluet uf oiedberal 
and I'tnutageliet tllue< nave slKvetislvely been crossed 
the cunnlajt shri?w-ilnrai of Tudor sUltesioen nnd rnu 
tier*, tbe uunieroiis iiuitrlhullons of t'hiirlin 11 ami 

irlhute* which invnUr luiaglualiou especially 
an the eliaracteri-itlc tii is-ers ultimately the heroes nf 
llnance aud Industrialism. iMiltultely lntellei^tual *lv- 
menla have been *|ioriid1rnll) sditoil. with rare excep- 
tions, however, front tbe rarikn of Inwycm and poli- 
ticians To this arb-locrsi-.v art. learning, uud science 



that of Ine plum. Mot tbe naturalist known exactly 
where line iwrallel In ul faull. For the wheat and the 
bullace are both breeding approximately true, whereas 
Ihe human crop, like Jute and various eottans. Is In 
a ntsie of polyniocphlc mixture. The population of 



A rv-niarknbUt body 
of mcdi, nevertheless ; with tin urcrsgc "brirse power," 
si Samusl Butler would have said, fnr exceeding that 
of any random sample of the rolddle-clasn. If only inau 
ci>uld he reproduced by budding whai u nlmpllflcatton 
It Would bet In vegetative reproduction heredity In 
usually complete- Vho Washington plum can be divided 
to produce as many Identical Individuals as are re- 
quired. If, any, Washington, the nlatctuntiu. or prefer 
ably Klug Solomon, could similarly have been propa- 
gated, all tbe nations of the earth ciwilil have Iteen sup- 
plied with Ideal rulers. 

Historians commonly ascribe hik-Ii cbmige" as ot- 
ciirred In Athens, and will almost certainly csne I.. 
I*ss In Ibe Uhlted States, to cmidlllous .>f life and e*|s-- 
cially to jKilltlcai lostitutliKis. 'Iticse ngeocn>, how- 
ever, do little tuilcss they are such an (o •-har<ge tbe 
breed. Kxtemal chnnge* uia) IimJcisI glic an o|*ior- 
tnnlty to special -tralnn. which tlieu aeiiulre a«>ciidcncy. 
The ItHlustrlul develoitmcrtts which U-i;iiii at tlie eisl 
«r Ihe elgbteeuth century, for Inslnure, gtiie n chuncc 
to strulns tUl thin submerswl. an.l (llelr «ik.w) In- 
volved tbe docay uf most of Ihe old arb-rocrallc families. 
Hot the ilctnsgiwue slut would argue frtim Ibe rise of 
the one and the fall of Ihe other that the original r,.la- 
tlve injeltloiin were not 
Ibe facta. 

Conditions give opjtortnnltie* I 
For example. In Athens, to which I just 
unlveraallty of cultivated dlscvrument couhl never haie 
come to pass but for the Institution of slavery which 
provided the oiijiortiuilty, but slavery was in no sense 
a cause of that ■ 
hare lived on slaves and remained altogether Idmo- 
jmtcnou*. 

Tbe loiigMilabdlng controversy as to thp ri-latlve Im- 
portance of nature and nurture, to use O'flltuo'a' "coo- 
veuient Jingle of words." U drawing In an end. and of 
tbe overwhelmingly greater slgnlllciiuec of nature tlicre 
Is no longer any poHslblllty of doubt. It may be well 
hrlerl> to recapllulale the arguments oo whlcb natural- 
lets rely In coming to this dis-lslcn both as regards 
races uud Individuals. First an regard* human ludl 
vlduals, there 1» the isanmon cx|s?rience that chlldr>u 
of the same |isreiil« reared under ivuiditians sensibly 
Wentlcttl may develop unite illhVmiily. exhtbltlDg In 



Ui tbelr colors or hair forms, fouversely aU Ibe more 
marked aptitude* have nt vailous limes uinicured aiul 
not rarely reactieil perfection in cfrcuuistauces the least 
favorable for tbelr develuitmeut. Next, appeal >»n lie 
made tu the anivcrsui experl,-nce of the breeder, 
whether of animals or pUnts. tbllt strain Is alisoiotciy 



• vor lsll.s ot l 
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siaill a good strain, yet thai under tbe bmt conilltloiv- 
a bod strain will never give s lino result. Ii [a faltli, 
not evidence, which encourages eiluiwtlonlnta aud econ- 
omist* to hope so greatly lu the .imellornlliig elletts of 
the eoodttloD* of life. I^t us <xils»lder what they isin 
do and what they c*iim>4 By reference r., some wli- 
teacsw In a charming llasigb luitlMttic hook, "What In. 
and Wbal Hlghl Be." by Mr. Ktimond Holmes, whlcb 
will be well known in the ishijcarlonal section. I may 
make tbe point of vl««r or us nnturallnls clear. 1 take 
Mr. riolmes's pronounisaiienl partly beimue be Is an 
enthusiastic believer lit Ihe eftlcacy of nurture »» iai- 
posed to nature, and also because be Illustrates bis 
views by frequent appeal* to biological 
help ua to a common ground. Wiivat 
will give a bad yield, thialgh. an Mr. Iloliur* truly says, 
wheat of the same srriiln in similar soli well cultivated 
may give a good harvest. But, baring wttuesaed (he 
Mieces* uf a great natural teacher lu helping uupromls 
lug pea sn ut children to develop ( h,.i r natural powers, 
lie gives us another holanleal parallel. Assuming (hat 
tbe wild bullace la the origin of damestirnled plums, 
he telb. on that by cultivation the bnllace cnu uo doubt 
he Improved no far as to become n heller bullace, but 
by no means can tbo liullais) la' made to Isar plums, 
All this I* sound biology but trtinntatlng these facta 
Into the human analogy, he declare* that the work of 
Ihe successful teacher nhows (hat with tnuti the facts 
are otherwise, uud (liat the arcing** rnrric 

ideal (s 



result fnsu sowing a bushel of kernels 
gathered mostly from the hedges, with an occasional 
few from an orchard. If anyone asks how it happcua 
(bat there are any plum-kernels In tbe sample at nil. 
he may (hid Ihe answer pcrha|t» in spontaneous varia- 
tion, but more probably In the upjvarauce of a long-hid- 
den recessive. »"or the want of that genetic varlatii*. 
consisting pnaiably. a* 1 have argued. In loss of In 
hthlllng factrirs, by which the plum nrose from llle wild 
fi^ni. neitis?r ri»*1, nor tslucatuiu, nor hygiene caa In 
any way atouc. Many wild plants are half-starved 
through comia'dllon, aud transferred to garden soil they 
grow rnneb bigger . so gotsl ciKidltioas mlglit certainly 

the 



.(ttniti, bot (iluiux IiK-y mn never be. Modem attiten- 
inansUI^ abad rlj/blly at bclpStiji tlMMtc who tmvc Kot 
simu as wUdlujjrx to ni-me Into tbrlr projicr cIoim; but 
icr nor iiny <i(w- *-iihh>s<» mtrU n f*tlicy douncrnttc Id 
lu tjlrinwte «?iT.vt»s for no w-ur*.*? of actUto cad be 



In nil pinctliuiJ xi'Lrt-iiJiis fur sccial mtonn th« ci<ug«al- 
imI ilherMlty. the- •■>*•.• ntln I fsolym orphan, of all dTUlsed 
t.'uumtiifilt.eH niMMt L«f rt^.u^nl^e-J as a fuu4a mental fuel, 
ii nd refunufra cdioulij raUicr direct tludr i'Cforb« to 
facUItatJuif aud mltfj liie clum^Ujitioi-'tiocui than to any 
ftitlJr .ttrmpt to nliolt».h Ui«n. Tnp twifhlng of hMo*jy 
u pvrrrrtly dour. \W are what are by virtue of 
i-u/ dllturvtittnUtrii. TIk< value of civllbuitlvu tiaa iu 
all nevH lurv'u Uoiditi^i. sHinv, However, tbe Arwt varla- 
tluaiM were nut «tranielrd Ui tbelr birth, wr are laou.'bnl 
on tbat roans** of rurlablllty trf wblclt civilization In U-e 
WV oaiinot go ^^lok to bocnoeenolty atfalu. 
we are likely to continue. For a 
l«riod meaauivs deaiitued to create a apurknia homo- 
Kmulty may be apl^Lol. SikJi atteranta will, t antld- 
imte, la* matlr whi^n Ua* |tr<w->ut uii3itahl« Kodal eUate 
rmrbpri ■ rllnuiv nr hi>tahlllr>', ublcli may r»ot be looj 

lability lh Our iK.1 lo LiieijuHlHy. wliJ.-b la Inlicrent and 
• xiikipiillal, but rather to the faet tu*it In prrloda of 
rapid chanjcc like Uw iiri'»riit, eonTortUiD-carivnU are 
*et np noph that tli* i*U>nK>nU ut Ihe Mrata itel Inter- 
mixed and the apftrnvut Mratltlcutlteti rTjrreapoatU only 
rx>HSbl> With tbe K«UHh-. Id u few Keiwrntlatu i 



In MM'h *w|ullltirlum l» oihU'iH iH'j^t surely tu be ex- 
|M>rtrd. To th*' naturalbt Hit- l*road Hta's of BoJutimi 
■jf tbe probl«ii>» of >x>olal dlf*i't>ut»riit are CTldcot. Ttury 
He neither in vain Urea tun uf a niystkvl and dlatntc^rat' 
Uik ctiuallty, nor la tbe prvinjr*rJan of that nnllgoant 



rned nbortllVatl.Mi .if Un- liumliU-r uncaim. but rather lu 
u phyHtolutflcal eo-urdliialk'ii of llie txinstltueut part* 
u>f Ihe Hucial cirinirtuun. Tbr rrwanU of comronrtN* ar« 
icroaaly out of proifortlou to thiMtc attalnnhte by Intel- 
l<»rt or tndn*try. Kveu resnrded ua ovaipeiiSHtlou for 
a dull life. lho> rnr «-n.-e»r.J the value of the aervieea 
reudered to tbe cu0jn1111.it. v. Sat-h din«rlty U au InH- 
iteut uf the nlnionually rapral crowlh of pornilatimi anil 
Is quite Indfffnxllile n* a permannot nodal condlflou. 
Nt*vrrthrln*i» <*plral, 01*«tlnijni1p)bed a^ a lrTOvWoii for 
f>tT«r>rlujj, U n ensenU* liiHtif.it lor. . and uuleaw human 
liiftttDCt uiiili'rii<.*m iMjme |-rofuuud anil tinprotHttJe varla- 
llofi. nbolltlou of ctijrital ibeniLt tli* abolition of effort; 
hut a* in tlie body tbo pom* of lndi-|a*nd 
of tbi- parti. i% ilinltnl tnul *nboritlnated to Ibe 
xlrotlarly In tbo cootm unity re may limit the 
i^f capital, l're^erviuii w much lneqUHlft>' of 
n* cvrretfporals with pliyKluloirk-tU farL 

At every turn tlic -(101)001 of political wletioe la con- 
froated with problem* rhat domai-d biological knowl- 
edge for their Aotutloii, Xloet t.*»|<nte]y U lb la true lu 
recurd to e<Iik«Cluii. the criMiibitl law. aud all thn*** 
uuzueroWf branches of prille) and udnilubctrulloD which 
arc directly onn-^rnied with liV j>by»lDli^lral enpacHle»i 
nf mauklml. AaaiauptUiDK ait ti» what can be done and 
what cantH.t l« iVaie t» modify Individual* aud race* 
have ouiiUi.ually to la* made, abd the ba«dB of fart on 
which Much dei'ltdon* are founded can he drawn unly 
froui bl-uloirlcul vtuily. 

A kDowlrdse nf tbr facta of nature I0 Dirt yet defined 
an eaaentlal |«rt of the mi'ntat equfputeul uf politic In tw ; 
but a* th*- prleMt. wbu Iwtcan In other aire* at medicine- 
man, ha* Lh*u i.blhred to abandon trar mcdt^l partii 
uf hk* practJci'. ao will tlw- futum bebobl the r.chw.1 
iimatcr, tbn majrlatrute. the lawyer, and ultboalely th-- 
*tate*man. «ximp. llcl to <harn with the uaturulint th.i-.. 

vtbMt are euuwnied with Ihe pbyaiol.x) of 
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Electrical Driving for Rolling Mills — I* 

Its Adaptation to Existing Steam-Driven Plants 

By L. Rothrni 

Tun question of live application of electrical driving the demand for power; that u, whether night or day load. Tbe accond factor od which tie ooonomy largely do 

to exiating rolling mills is on* which in of the (rnUM and whether oontinuau> or not, and alao on the quantity peuda ia tho lay-mi of tbe worka. Ut u« eonaider the 

importance where ateel. Iron and other metal work* hate of power required per annum. cajo of , wri j 1 .j 1 urijfjnaily aurt <xi m » f a j r | y tauSi 

ticen in etWlence for a eoualderahle numlxT of year,, and It i«, of oourac, manifoat that with a low coat of pur- way. but which has extended very largely, and in which 




0*0 ■***•' 

L L 



7TT 



am 



•A****) ******** n , : ri» : MOTOtt A-HO i.t.a 

# ! * 1 * «n 



<U» V.CJ ».1 . rW OU^O l . HH pi 



Kig. 1.- Tower-demand of a sheet mill driven by * 600 herar-power 
meter. 



Fig. 2. — Relative floor spar* taken up by a 60 horne power enrine 
arvd an 80 horne- power motor. 



when* lite question Is not tbe lies l method of putting up 
new works, but the best method of making an old work* 
so oooiuj tukial that it can compete auooumfully with 
other* which have only within a later period entered 
thia field, and have, Consequently, been able to make 
use of the latent ad .auceraent* oC science. 

The subject of Ifaln paper ■•an perhaps beat lie dealt 
with by dividing it up into two part*: 

(I.) The conditions wlueh render the application of the 
electrical drive desirable. 

(U.) The method of uppUculioD of the drive. 

Taking first the considerations which render the appli* 
cation desirable, tliere are a number of conditions, any 
uiHt of which may prove tbe deriding faetor in tbe em- 
Irloynwftt of electricity. Perhaps four such considera- 
tion* ar*> thi? most important namely: 

1. Bcononiy of running. 

2. Improved drive. 

3. Conaidftrnlions of spore. 

4 4 .renter use of existing plant. 

While it is quite possible that any one of the above 
n moderations may in itself prove sufficient to warrant 
it rl.njiK-' uver from .» ..team to an eleetri «l drivaj, y t 1 1 
t- more often a combination of the four, together with 
other eorui<l><rntiun* not mentioned, which makes the em- 
ployment of an 4iloetrieai drive the only one to be con- 
quered when a chn.ngn is riorcsaory. 

1. Economy of Running.— Dealing first with the econ- 
omy of running, that is, cost of power per ton i oiled, it 
It, of course, not possible to make any gen peal statement 
to the effect that in every ease the eleetrieal drive mill 
prove more economical than tlio steam drive, as this 
depend h entirely on local conditions, which differ to such 
an eiteut that it is only possible in a pap.* sneh aa tliis 
to indicate a few of the more important one*. Instancing 
mime of (bet*: 

The ib>l main factor is tho cost of eleetrieal energy. 
Tl • fiii iHiwei will vi,r. verj widely in a«MMhMI 
with tbe method of generating power, and in steel and 
iron work* particularly the question must often lie con- 
sidered an to whether a central station in the works t hem- 
Mi vaa, driven etthi r by gas, live steam raised by hand- 
firing, steam nii«*«l from waste beat, or exhaust steam, 
is not the must tmwomioal method of obtaining the 
necessary electric power. A very low figure has been, 
and Is being, obtained under certain conditions wlueh 
represent the moat economical method at prcannt known 
of using available ftt. ilitler The method referrml in is 
the employ merit uf bla^l-furiiaee gas, eoke-ovan gas, or 
a mixture of the two, to drlte gas-engine* for gerjeratiug 
eleetriu fiower, and using the power thus ohtained for 
driving the tteel works (riant by electric ran tor*. When it 
i . rt uli/a - 1 that tietwecn twu and three times the ixjwer ia 
available fn>in the gan to employed to that olitainaMe if 
the gaa is burnt under Im>sI< r- for the ptiriioae of rntMng 
sl4*m, the iMMrUumy of this method ia .f- . i>U 

The charge* ramie by supply eumpanies \ary, natur- 
ally, wilhiit wide limit*, dejn nding largely on the size of 
tbn station, coat of coal, etc., and also on the nature of 
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Fig. 6.— View of the four aillU drWen by above 
motor. 



chased power rli. re im lit lie, if any, ad-.ani*vg. in putting 
down a central sution in the works themselve* to U- 
driven by steam, unkwa the neeet»ary steam is available 
from waste heat hoili-r*. 

When waste heat U available for raising stoani, gf 
exhaust steam can lie emi4oyed. tbe eondition* are quite 
alt4irrd. a* when tbe coal oust, wlueh n-presents UHually 
over one half of the total cost of power generation, ran 
lie ignored, the eo&l of generation is so low that any works 
would bo w»J| advised to install their own generating 
plant. 

'I ti< <■...■ .,f dri\ !'*; b) am varii .. f tirly eoiir,i.|. rahl) 
in different parts of tlie country, depending on the cost 
of eoal available, oust of wati*r, labor and otlwr rharges. 
but the fact that motors have been put down, even in 
eases where power has to be purchase*) at the highest 
price, goes far to prove that cither the eoat of driving by 
stoaoi is equal to, or greater than, the eiMt of driving 
by elcetneity, or that somo of the conditions mentioned 
later have proved so weighty that the electrical drive 
has Wo judged the most Aatlxfaetory one to employ. 



the boiler plant ha* miinirvod centralUod, The natural 
eflfeot of this would bo a vary largo number of long steam - 
pipe lino*, all of them acting tbo part of condensers, anil 
probably a number 4if them leaking very considerably. 

I bin • ircliTi-^'jon mi l leakagi tiking pla< • iiltnuouslv, 

whether the engine*, which tho pipe-lines supply, are 
working or not. Those condition* will, to a large extent, 
bold even in the cane of a works where there are several 
boiler station*, and the quantity of eoal used per year in 
irvaklng up fur plpwline losses and wa#tag»* is a very heavy 
faetor In I lie year's coal hill. 

Aa against this wasteful condition mutt be taken the 
economical method of electric power trajuunisalon. whieh 
i carried out by irmall cable* which ran lie put up any- 
where quite out of the way, and in which no loss take* 
place when the machine* to which they convey power 
are not running, and in whieh only a small fraction of 
hm taken place when the machine* are running. 

In an old work*, moreover, there will be a large numher 
of auxiliary machine* driving sit ears, saws, punching 
machines, etc., which are working under most un- 
eeonumieal conditions, being nearly In every casta non- 
(Hmdeusing, and often almoat mdblinguishable when 
working, due to tho steam leakage taking place around 
them. 

Contracting the case of a small motor drive, where the 
efficiency is practically 88 per cent and where power b 
being generated undrr the most economical conditions, 
tbe gain in economy in enormous, and it is now an 
acknowteclgod fact that under anything like reasonable 
eondition* of electric power oust the auxiliary plant in a 
-nil! is much better driven by means of eteetric motor*. 

A third factor U the elans of work done, As ia well 
known, the stnun -engine, while erocient on steady con- 
tinuous load, becomes very inefficient on a widely fluctu- 
ating load. Thie ia a condition which ia not nearly an 
pronounced in the eaac of an cteetric motor drire, duo 
t4> the fact that the efficiency ovar a very wide rang*-, 
say from half-load up to 100 per cent overload, variea 
only to tbo extent of 15 or 3 per cent, while the steam con- 
sumption of an engine may vary a* much as 7 to 1) per 
cent. When there ia a oon*idcral4e length of piping in 
conjunction with the engine the inefficiency in the latter 
case ia more pronounced, as continual radiation lome* 
are taking place from tbo pipe-line whether tho engine 
ia working or standing still. Tbe amount ot steam con- 
sumed per useful horao-powre will be very materially 

increased Uirough this -■'itrri i '1 I<i-h [* tTIJW 'till- lie 

ri'Oi'rally alated that the gTnatcr the flut'tuationa in the 
load, the mure adtantagcoua tlte rterlncal drive apfivara. 
Ai the load on a rolling mill ia, in moat caaea, a very 
variable one. varying poaaihly from practically irudvad 
to nearly 100 per cent orartnad, the economy of 1 1,3 effi- 
cient eleetrieal drive ia apparent. 

Aa an instance of thia, let us lake the cane of a ahect 
mill where Ibi- average power-demand, aa ia ahown very 
clearly from the Kig. I, reprvaenta approsimalety one 
third of tlie normal power of tbe motor, whilo tbe peak 
load represent, practinally 50 pi-r cent overload on tho 
motor. Thia curve ia an experimental one taken on a 
mill drivm by a 000 honwpower rnntnr when working; 
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under normal working conditions. Assuming the maxi- 
mum overload which the engine would take to be 25 per 
rent, tbe normal hor»e-power of the engtliv would have 
to U> chosen a: 7Jti burse-power to deal with the peak 
loads, to that one third load on live motor. namely, 200 
horse-power, would represent only About 2N per cent of 
tbu Dormni engine power. Th« efficiency of the motor 
at third load would lie Approximately 4 pur went Iras than 
at Full load, while the steam consumption of the engine 
would ho increased at Least 12 |w rent, not taking into 
account the losses in the pipe-line, which Are considerable, 
due to the fart that the steam-piping ha* to V designed 
of sufficient eapaeity to take the full rush of steam to 
imvl the overload condition on the engine. 

Coder the question of economy must also be taken the 
cost o( super vtsfron of the running plant. Inn large works 
when* there are a number of engines, the running ami 
oiling of the same becomes the task of a ixmslderabU' 
number of men. This number ran be very materia.il'. 
reduced where motor drives are employed, owing to the 
fact, that, if properly designed, tlte motors will run for 
long periods without any Attention whatever, and in- 
spection once a day is all that is necessary- One eSee- 
tririan, to start up the plant in the morning and to pay 
a periudk'al visit to the motors throughout the day, can 
dml with almost any number of machines. Contrast tht ■: 
with the necessity of one driver for each large engine. 
And a number of greasers for tbe small engines, and the 
saving to be effected per annum is very considerable. 

2. Imprvvtd Dritr. — With regard to tbe question of 
Improved drive, it is an undisputed fact that a steady 
uniform turning moment produces a better class of rolled 
material than Is the ease with a pulsating drive. Even 
under the best conditions of engine practice a considernhh- 
variation in tbu turning moment is bound to oneur, and 
m this respect the doe trie motor with its uniform constant 
torque is far superior. 

Another feature very noticeable with the motor drive 
is the faster working consequent on the fact that, with 
the Aran turning moment, there ts not the same tendency 
for the rolls to fail to grip tbe metal. Abo, due to the 
overload capteitr of the motor being in ojceea* of that of 
an engine, the drop in speed while the metal is passing 
through tbe rolls is much lees with the electric drive than 
with the steam drive, and in fact the amount of tbe drop 
can be regulated at will in the former ease: this results 
in a hlglier average speed of rolling aud consequent in- 
creased output from the mill. 

Again, m rolling-mill work, one of the essentials of the 
drive is that of a good overload capacity. The modem 
electric motor will take a momentary peak load up to 
100 per cent in excess of tts normal load without any risk 
of injury, said is thus enabled to puD a piece of metal 
through the rolls when an engine of the same normal 
power would fail to do so, with consequent delay and )n*s 
on the milL The effect of this property of the electric 
motor ts that, when making a comparison between tba 
cost of an electrical, as compared with a steam drive, it 
in not fair to take into account the same «tw> ol the etoant- 
cnginc and of motor. A larger normal horse-poweT of tbe 



steam-engine would be nceeasary to give the same maxi- 
mum turning moment conditions which the motor would 

give. 

The effect of this increase in the size of the engine is 
to raise the normal horse-power as compared with the 
at erage hnrso-power required, with resulting worse steam 




Figs. 7, ». and I.— Motor 23* horse-power. 3M 
revolutions, driving eleven pairs of rolls. 




Flga. 19 and ii — Two motor* (276 horse- power 
and 100 horse-power) working in • pit below the 
Iter. Gear drive to sheet mill. 




Pig. 12, — IHrert-couptrd electrical drive by mcsns 
of long Intermediate spindle. 




Pig. 3. — Reversing mill: converted from steam to electrical drive, the 
steam engine being retained for nse if necessary. 

Scale 30 feet ■ 1 tncH. 



consumptions, as is clearly shown Above. In addition, 
larger steam-piping would Iws neccsaary to enable the full 
overload to be carried, which again would pru>e an in- 
creased source of loss. 

Another point in favor of the electrical drive t» the 
ease of starting and stopping the plant, so that, In many 
eases, it is found practicable when the mill is idle for 
short periods to shut the motor down, whereas it would 

not be considered in the ease of a steam -engine on v iinl 

of ths labor involved. 

A further feature, which Is also in favor of the electrical 
drive, and the importance of wkieb is perilous only a|h 
preeiated by those who axe acquainted with the ctcc tribal 
drive, is the ease of determining for every pass tbe power 
Iteing demanded to roll. Electrical instrumcfits will 
show, with great exactitude, tbe demand for power at 
any moment, and it is possible by perhaps somewhat 
varying the draughting of the rolls, in aecordancc with 
these readings, to materially redwe the energy consump- 
tion per ton rolled. 

3. Can tut* ration* of Spact. — This condition is. of 
noun*\ of particular weight in tbe case of works situated 
in the center of the town where it may be desired either 
to put down new mills, or to modify existing nulls, to 
allow of larger operations being carried out. This con- 
dition is of such importance that in many caws it lis* 
I seen able to overcome die drawback of a heavy •' barge 
for power- When the size of a motor of moderate »|>ccd 
is taken and compared with the size of engine of the same 
power, this advantage is very clearly seen. The illus- 
tration, Fig. 2. shows tbe floor space taken up by an 
engine which gives a maximum home-power of (30, and 
superimposed to the same scale is shown tow* 80 horse- 
power motor, which is replacing the engine. 

Pig. 4 shoas nn arrangement which has been carried 
out in the Birmingham district where tbe 150 horse- 
power motor, weighing 4>*j tons, is mounted right up 
under the roof driving down through rop»-i on to the 
mill below. Pig. Tt shows the drive on to tlte mills, and 
Pig. 0 a view of the four mills driven from this motor 
This last view shows very clearly how full the works ore. 
and how important it U to sate every square foot uf space 
available. In this particular instance tbe doing away of 
the old beam-engine and the replacing of tbe same by 
the motor saved a floor area of over 40 square yards, and 
this space has been fully utilized by the installation of 
additional maehinery 

Kig. 7 shows another drive in the Birmingham district 
where a motor has been put down to replace on engine 
drive, and Fig* 8 shows another view wnirh gives a very 
clear Idea as to the method of driving the eleven paint 
of rolls which are worked from this motor. Fag. 9 shows 
the site of tbe old engine, the crankshaft being where the 
coupling-box Is aeon in the photo, and in this ease an Area 
of no less than 70 square yards was saved by the change- 
over. Tbe motor is of 2.V> horse-power running at 300 
revolutions per minuto- 

Pigs. 10 and 11 show another arrangement which 
has been adopted in the Birmingham district where 
two motors of 275 horse-power and 100 horse-power re- 
spectively have boon installed far driving soma sheet 
mills. There, was no spaon available on the ground level, 
and the result has been that the motors have been put 
in a pit below the floor and boarded over. The space is 
so restricted between the mills that the men actually 
work on the boards above the motors. A suitable gear 
drive has been arranged, as can be seen by the illustra- 
tion, between the motor and the mill. 

4 /acraaaed Pmnr.—A case very often arises where 
a mill manager is anxious to enlarge tbu power of his 
driving engines, and the question then arises as to bow 
tnk is to be done. In a groat many cases the. amount 
of steam available would not be sufficient to allow of 
the installation of larger engines without expensive 
Alterations to boiler plant, and it is in such a case that 
the installation of electrical plant can show very favor- 
ably. Given below is an example baaed on actual flgun>« 
illustrating this point. The case is one of ad iron works 
where a proportion of the steam used is raised from 
waste heat boilers over puddling furnaces, and the re- 
mainder of tbe steam required is raided by hand-tiring. 
Tbe question may arise as to how; 

(1) The hand-firing can be dispensed with, and 

(2) An increased power obtained 

Assume that the works has fuiir rolling mills, consisting 
of a forge train, two merchant mills, and a sheet- milt, 
the mills being driven by two engines, one driving the 
forgo and one merchant mill, the other driving the sheet 
mill, and tbe other merchant mill. Lot us take an out- 
pat of 30 tons of puddled bars from the forge train, 
18 tons of flats, rounds, etc., per turn from the men-haul 
mill attached to this engine. 8 tons per turn from the 
shoot mill, aud 1'2 tons of rounds from this merchant 
mill. In order to obtain the above output, a total quan- 
tity of ooal of appro xiniattly 1 .980 tons per month would 
ho used in the furnaces, and in addition ap proximate l>- 
270 tons of coal under hand-fired boilers Taking steam 
•vajwration from the furnaces at three times tbe weight 
of ooal consumed, the steam raised from the furnaces 
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»<.ukl U n,mr«m pmiiui. r*T month, and from tbe 
r-li-iim under the boilers, sjoumiTWt seven time* evarwra- 
litMi. 1,240.000 pounds, rhat is. tbn total quantity- of 
*teum pee hour would Imi &l,000 pound*. Tbn whole, of 
<lii> nteaai is at present heing employed in driving the 
iiUnc two engine*, steam-hammrrs mid a few small 
i.iixiliarv engines. 

Suppose* it was proposed to replaea tbn cosines by ao 
1 1>< triuol drive, the problem is to find out irhfitbnr any 
4-cmiumy would result. I'lider th« above condition* of 
mHinit, it can bo taken that tbo total number of units 
l.. roll the tonnage nwmtUmed would be approximately 
«•> kilowatts per hour. In order to deal with thi«. and 
also the aiitiliary plant, which would perhaps take 711 
kilowatts, a .'iOO-kiUiwalt tarbino would be infctaXIrd 
The «toam-prcMur» rni*v*l in boiler* above puddling fur- 
nu*-«-> it uiiiully very low, about 40 pounds per square 
iie-h, and under the«i conditions a steam eonsumptioo 
><f j. j.pmiriniaKdv 20 I pounds per kilowatt-hour would 
(m ni-i'eHtary, that in, the total quantity of steam required 
would be lfl,tt)0 pounds per hour. The amount oi steam 
pnxiue^d from the waste heat ltoilers alone is 23,0(sj 
liound*. and taking the steam required for the hammers 
fit 4.0UU pounds per hour, there is left available no less 
than «iffielent » teo.ro to raise a further *» kilowatts, and 
at the dilute lime give a saving in hand-firing or 270 tons 
<»f <'<i«l pvr mouth. 

The :il»ove Itirures, which speak for themselves, and 
» hieli are in no way exasperated, show conclusively, how, 



and at the same time a very lartrrly inrreased power 
rendered available from st**m already existing. An 
actual Instance of thin is the ease of an iron works where 
three of the main engine* aod all the auxilkaries were 
replaced by motors of ver> coovidorably ineTnanod power 
and a central station was put do* u for supplying them. 
Since the eleelrUieation no fewer than eight hand-Bred 
boiler* have been prrDi»ncut!> knocked off. 

Another in tercel I met ea** 1o eon«id('r is that of a revers- 
ing null plant in which the roughing and finishing railU 
sre driven from the *am* engine- Suppose it i« dnsvrod 
to Utrraiae the output of the mill, a method of doing so 
Is to divide th« null up, driving the finishing mill and 
roughing milt se|aratet> . .'Winning that ties question 
• »f capital oust readers the eoroplete electrirteation of t)i* 
mill inipossiute. tlien the e\istiuc eucttie can lie retained 
for driving the liui-limr mill, and mid-* the usual con- 
dition* or mctruant mill work, the exjmust st**m frou* 
the reversing mi'J-engine will lie -unVient to generate 
enough power lo drive the roughing mill cl<etr*»Ile. 
While by doing thiM (he ontimi of the mill may be prac- 
tically doubled, yet IIm- drive will llyf lie »o economical 
as it would 1* if live »Lole pUnt »** drivrn oleetrioally, 
due to the bett.-r ateam e.HiBUin,»lii.ii of a turbine driving 
a generating wit ay •»im|<arwJ with that of a reversing 
aieftin-emglni: working under rolliiic-niill noDdilione, this 
better economy more thau coonler-bulaueing the loom 
due to Hie comersiou into eleetrkal energy. 

The above oonditions are, iierliaps. particularly favor- 



able for the ImtnllaWn M eleetrieal .Irive. but tln-re are 
a very large liumW of con*ideration« which come into 
question, which must be very carefully weighed liofore 
deciding that the electrical drive will not pay. e ven if ilie 
actual cost of electricity eonsuracd per ton rolled is in 
eoceoM of the corresponding sti-am cost; for instana'e, the 
eost of maintenance an an electric motor is very miwK 
leas than that of a steam-ens;' ne. The cost of euis^rviHioik 
is also very much less. The reduction in the oil coiiMinK-d 
per annum is another item which must not l>e lo^t sight of. 
and in one particuLar ease wbere electric&l plant Kplaereil 
stnam drives, the reduction in the oil evinmined was 
pox cent. When, in addition to 1h« ale-ve ad»«iit»g."., 
Uia absence of steam-pipes with their ei»t of upkeep, 
and the cloanlinoM of the electric *lrl\e, are remembered, 
there are many cases where theee ad\atitagea alune out- 
weigh, perhaps, a slightly increased capital '<u*t. or a 
power consumption cost, wlucb would appear to be more 
than that of a steam-eturine, when laMns: bito considera- 
tion alone tho siea™ «m«u»ipt«>n ot the engine. 

A point which should alway* be borne In mind is. that 
although an engine may be deigned to le? very cctp- 
nomicsil indeed on full-load. >el tbe condition* of a roll- 
ing mill are such that these conditions are praeucally 
never obtained, and the only fair method of comparing 
the. electrical with tlx .team drive, is to take, in the 
bitter cm*, the ro*i of roof per annum, and not the at«u« 
consumption of the engine, and contrast this with the 
power oonl of tbe motor. 

(7'e bt re^wf.J.j 



Recent Developments in Marine Propulsion" 

The Coni|X)und Turbinr, with Reduction Oar, and Gas and Oil Engine 



l>i in m, tin* «mi! hundrtil ymir* that Irw rt-ri|ipjriitimf 
»l«<vtT) pfi^inr hiw lwm UMttL (or ihv. |m>[rTit"*uii of "hips, 
Jt iia* 1»'k*\ iTi f ntiniini*lv improvnl in MiaMlity. haudi- 
iind rJtU-ii'm-y. and it Imd no runi.H'lilor until a 
lilt)*- tM.ir^* lli*n a do«'ii yi-ar* npi, nlw-u the I'iinotu 
turtiiiu* I.H^n Vi rlnini att»*ntiini aw a WTrim-i rival fur 
tin* pmpid'»in|i of hi(r.h-*|Ktd. luirli-(ww*Tt*4l r*hijH Ttie 
ii?i|in>vi'«u. , hi'' in tho i-Hirii-rKiy of ilw rx«ri(in.M'RiijiK ntcnui 
cuiriuv hnvA Iwoii dm- tu tlic t'oiijutut vlTii!ti 'if imirTuviH.1 
uiHtvn»il« Riid UxJ* f<n- tin; ootfHuf't^u *4 l»t>ikf* 
and tii<.'*ti€irw=- and l.» iiirrwuiK a-w>w1«>.l«i' ..f ttn* 
tilit* |irtn..|»l« rxliitinis to t.it? tWn.al ui.il ni«lu-nL--»l 
pnj^l'-M^ itividv. il '.n tlw* dt^vvii »nd 1'i.u-truphini <if 1bn 
rnifltv' ftitd it* wixdiant**. Tbn.' lntn*fliK li<iin *>1 tin v*>m- 
(Mriind, tr.pl<-, and quadrnjtlt' • xi^oi-i'tii . rynnin, o*m»- 
i*iat«iil in »mu*U viuu* *ilh coit-td» fHl*li it>.T>»>»>4 in fcli-nm 
pr***Hur*', fnnidinl «iui»o*-!»iv»' *nd n-ilahU' iii«*fi«»*n* U> hif 
•d>titiiu'd iioih in tin; tlvrmial and rn.^liiinit al rfl^-iinfi*^ 
t4 tlw futrini', and the !tuin*««a*ftil r>-in'rtNl-ii tinn t>f mijht- 
hiiatini; ha* n nd. pcd il |Mwti^N- -lill ftmlt«<r t-» rtilikt-u 
th* t'oiwumi't vhi id cotd t«' r in»r>*-|s->»"<*T l«*n,r h> fnun 
in tu Jtl imt < umkr favonild*' 4Ni)nlitt*in^. 

lu ail nvipn-aiinn i-hjmom lh.- pi^on and otlwT r>- 
HprMoatiiur iM»rta hav,- t-, H f|i|H>.| aod Mai-tcd fctfiwii 
Intrf fur mm-*. Ti'vulu*iun of tlic miukHliAfl, *bd 1|m- 
flirts » irutiMiMitiM u* .■iii-platt uf ih* rtic-iu.'. duv t» 
ihi: *iarUru, and ^Vtj'pi.u: <»f ihv rwti>rt»-a-iti(r ma^tv, 
nr. »rr««. trial uidcs* balanced Ibwy ervat vtbrtv- 

thin tif both til*- t-iniiiijo and of lit-- *dnp. )nf*rv«*»Hl knowl- 
ni^r lias rnid» , rwl il po*niMij rntirvly u> ■•alatHK 1 tln^i* 
iiKTlia fiwrfi* and onuplca within tlw wiuiiw fratuuie tt- 
«4f, hut for a eompUitr balawn tlu* iniiiimum number 
,hf prankR ntquirvd flvr, altrHKitfb il is po««bK' to ffrt, 
i,u u|,pro\unaU> liHtaiaf«vi in an c-iucmc vjth four «runl«. 

In unit to kl-i M U *om*> uf the i 
,ef tbe rvi>irm>natiii»: t 
jttrivt'ti U» pioduw a *\joi*r*wful typo of mt»ry *W<im 
i iwrirrt', but all th^ effort* wnpn in vain until Par*oni 
»«>hi-d tb' problt-rn by mv.-mine hi» ci>n.pound HttAin 
turbine. This ty|ic uf ►nuilii* r<rii«i«iti» i¥ut>ntially of mu* 
inoviiuj part only, the to/ tun- drum, which It** only 
iMiatH^nat uintjun, and »hli.'b thfr-for-- r*n bu pvrf^ tly 
SulatK^I The- wa>**.«* th.i *ivnm Kiibtm: for itiuriui! 
[iw-ind-v"! ba* b»-»-u du»'. not to tlu< r«- lu-r-iUm of tvltiuu 
aitd <*ual ruiwuniptUio. but to tl'v *b*. u-y id vilrrattoti 
in in *nrk.rifc', to Ihf T.dn< t»wi in •xv'ttfw wid iu 
.M-.'upi^l for a (riven p->«tr. to tia eix«r. - -imptU-ity as 
■v oiai'biur, ui (Iwt lowur wt of tnaiuUimtn'i . azid to tbe 
^rwit uuit« «rf !•»»■»«■ id wliiuh it rau Ik* L'ou«truid<xl. 
Win n the iurbiii.-c»n ix> arranged w run at itn b«^t »p»-t*d 
,tn .ftiL-i.Tf*. ins*, li mi **<iual to, and in many .'a** grmlfr 
than, tbi' rffif ii'ti- > of ^lw Iw^t ri)Ri])roratttur i-ti-am pruno**; 
>..it tWit np«i'il ni'i'di srra(4Tr tlian tlwt U>t -i'" d for 
r ,-u.t» ],r<ipiaiiT. In apply-all* a tiirt.iin fur niarini- 
pr-.pi.lHi"ii it «v utH-.—iu-y to .rT..-i u .-.iriipnHni-.^; tin* 
lurl'itit n wt-ri- d*.^i>:ut*l run at a mum It Ihi»,t bp*.- d 
thuu turbiii a > of tli" ?ani«' p*'**tT Ur»d for I In ilri>injr-»f 
dyumuiw, Add tlu* ^rr»«w jintjii'Dir^ uvtv riiawir *d -t mailt r 
diatiT' ter. Rlld tiit'ir spt'rd uf fxHati'Hi wiw iiu?rnin>d a*. 
* ^.vini «f * lofTure di'll.c-r-.l >!)■ i-n.r -»v ti wmi i, „r 

11,. L>v. lT wo. I nl.rrl','. |tr | .-.>!t,r,H| rr:„„ r '.' ;>,...^r. 



i't'i.i]iur^<J ttitli proiM-lUnt driven by rtt'liMrot-aluu: eriintiva, 
TlKt»e iriiHlifiraliMixi involved Inrt'vr lujbiu»>i, with wore 
» v'MUiHtnu s)uki>«. u redut 'iiHi tn 'Iih I'ltSi'lein-'it'i of 
tbn turbiiw mid of iIk* pnjpt-lbr- In sjntr- uf f|i*w difli* 
**idt>e#> the dirtY'l '.wdbih'I^mI turbtitv proved Itwtf to bo 
luu^h nui-vnor lo tbe rvriproeailnv fteam ciicntf for hleb- 
*P*-od. lii|*hiH»wiTt<d *hip*. 

iimiig to tlw diflirultit^ »hieb 1 ha**.- itnlioftled, tb(> 
tVJd of appli' tillun «»f iho di*'-l-eoi.|r!i d *t.*jn turbioe 
hsm* iKvn r-^tri' t«*«i to ht<b-f]K«i1. hk^^iepowrrvd tvbiptv. 
In order to MuUvr tli*. nian> lulvantaijca of thn steam 
turbine avaiUblo f«r r.iuall-iK.wo«-<l, !i»w«?-Kpcod jhiprj. 
I'arwin> ha^ intriwlu-'iii helieal K'^ricy; for connectine 
bi)Cb-«p«*r<d titrbuun to hia -*jieed pro|x a ller abafts, and 
llw n-rtulti of ex^Krienee ulrtady of>taitHst with 0i««? 
ift*rt«d turbine* ar** aj prunimnc as to n-nder it likely 
that this yystnn will be U.r«;ely adopted in tbe imiiMdiate 
future. 

The ipiar ratio variix with tbe condition?. In the cat* 
of the "Ve*pajrian" thi* ratio U JI_X the '.urbine runnitu; at 
1,4-10 revolution-i per minute, and tile |«TO|r>r1ler tiltaft At 
T2 revolu*ioni per ininuti*. Tbe »iuift h«jnie-uom«r at 
7J revolutionn per minute wit* l,(Wl, and the correspoud- 
uiiT ^jx^d of tlw. >hip was I0TUS knofe 

In the case of the twin -www rlianiti'1 '•teauierr "Nur- 
□iama''*nd"ltantimiu,"i iu hof whU h i^fitl«4withtf*'aixd 
f urbine* giving . r »,lN!<. *!uift h^r*«*-power at 19 7 kivilr", 
there are four turbuu *. twn of whieb run at revo- 
lutions and tbe otl*.»*r un at I I' Hi ri-vobitUins, while the 
propeller shaft * both run ut -I !(► revolutmiLi. Tlicpettult? 
*if mcasurrnM nth »bovi that tbe jreared turbinrd obip 
"Cairnroa*." utnj 1^ per ^ nt ei>al than ber sis'.cr tihip 
thn "raimtfowan." whieh is ftt'«.-d «tlh triple-expanskin 
onein^, 

The ofIWiH.> «f I'nr-.iu h. Ueal ^-arimr i* Mated to 
U. 0S».j per wilt, tluit '.In Trtetion U.« due to in u-*e 
is only | i«j p»T f»nt. *luT**a> tlir c»in at the turbine is 
malty tlnw* this The biyb « rtlciene> of the trrannir is 
ilut* to the aocunv *. with whieh the tooth arc formod, 
alio to tbe e(T»**Tive ni»*nr. ivili^jMwi for lubrieating the 
teeth, A ¥i*my of oil n oinrmually showered upon the 
teeth mti they viit-e i-no rii,.-h with one another, and the 
rvtfullini! lilru- of »..|'. pr.-v.-iit the t.i th rumiiuc into e^m- 
"aet with eurh other, and tin' luuditions are Ihertforc 
the aam«' a** in u wel,di|)rrie».t*-d benriinf. 

lu a few -hip* * -l»*ni .urhiuc ha^ N«*-n eoupki. up 
in series * ith quadruid.^xpniuM.r. .'jufijies, tbu* enabbnfr 
the expunsion to he >^truA further than ean Itc fffi*ctrd 
in a rttipromliru: -lurue . and it is said that thU coni- 
hiuA-.mn hm efftfiiil a r»»li|t ti-.n uf .It \wr ei at in steam 
eonnuuii-tiou bk »Miniv>rwt wild Hn i|Uiidrupl> h 'X|WM>ioit 

erUpW alone Thr "HII |»lr>i(y of \hU ei..|lib(il*f >Oll Hlld ' 

tin p,n^«-s%fid iritriKluriii'ti of tlw iii'iir«il tufbiu*- aill. 
I think. ]trv,n;t thi* .-.ititbirutlioi-. U>inv widely adopted. 

A t|< il Jit f Uii-iIi.hI a lii.'S M beiiur de> el.ipH-il ii- a r,slmiQU 
Kvivr nr!wi-i*ii -n-^iit turl-im • .tr.it prt-|--ll--r <hnft i+ the 
Kut I inic't h>.lr*'ili>' irjni>tn : .t^-r. 

Tli ik tniii-rn;t Vr «^,i>is.ii. i K.< nfj,lli «,f a ^ntrifufal 
pump and a »ot«r turbine eiMid.it.rd wit.iin tin- <ame 
^■s-inu in fttieb a wh;, ;«-■ '.<» ndin-v t*n' !<-->-.. in mttii- 
The emeiet;.-. i..f i!;ik \y |w of rcdm-tut* ii or H 



not no high as that «»f the I'arwn* tear, but il is -.taled 
that tn the ease of lurvf poueni the elTiew-u-'i may be a* 
hitch as 90 per cent. Thin w*r )tnn tbe tvlvBnliuce (but 
it ii raTYirsjble, and th<in>foru It obviates tbe im^nI for th»* 
po-astcm itiui tiiTbijiw and tl« ditvelion of rotntiou 
of tbe driving itcam ttuhtiw la n*\r.. r reversed. It thn-: 
reta rid of oat* cause of hlud^ tttrippiair -UH-h «s i«y;urnd, 
for instance., in tha turbine of thv "LuHttatiia." It ulvi 
euablea tbe power bir ffoing *>■[.■ re (.. be ai nmeli n> sit 
iw wtA of tbe Ko-aVad power, nhjeh is very mii'-h 
gr**t«r than that uauaJJy provided la the r>-n-lern inr- 
binea. Thu ma\loiuJn power lran».itiiH.-l i-» om- 
by tbia gnor up to the present li W;A*t r, and 

the reversal can he effoei»d iu from 10 to 12 vrnii'l.. 
TliM Ruax is beinjr applied on a CJemiau turbine »-h;p ..f 
^d.OOO horre-powrr, and the efllrteiwy- icuarant<i»] is 'Kt- 
per eent. but a better result than tbic l« espect«*d. Tbi*. 
lf**r ts u«ed on the Hott/aj>fel pas-pn-j^lksl vesctel, hIm- 
in cxitiiwetion with Dieiei rturirntv Tlie \e!o.ity ruit'i 
jMewlht4» wltb thin rear is only about e * to 1 with a *iii*b- 
rlfApfj- arr*ncr^jiM>nt. but with a thrw-st&j**. •s>mh:nnttMti 
it may be as hiuh as 30 to 1. 

No notab*e iiuprovru*ent B havn boon i,«de in Tx^ td 
y«ir- in th* d^tct, w in the eftldnnny of marine Mil. :-,. 
nser-pllDir b tlt«s irtuw of tboten tiaed in war>h*pf. whieh at-.- 
now ajwayi* uf the water-tube type. Thin type of Iwnl. r 
has not found favor in the ships of tho moreautilc marine. 
triMuly heeniMe II re<|uire-i more *ki lie* J and more eari-rut 
attention than (he arrlmary typo of in unit" boih-r and 
because it it* uf irmtter imnortanno with It to prevrnt nit 
and sen- wa tor beUic admitted to tho hoiU'rs. Jmpr»*. 
ment* in rundensen and the adoption of the Mi am i-ir- 
btne reduoe theoe difTieultin, and it is likely tlir.t for hnrli- 
poafred bliip* tbe water-tahe boiler will in t he n.uir fwl <>n- 
diaplae* tin- orvUnary type of boiUr, l^u«. iti nviuht 
and th« apart ooeupied are considerably rtMliieod by it- 
ado] d Ion 

Re^-ntly, a new type of hoiUv has be<eu introduced bv 
Prof Hone vtltieb enahlos ^rcnt reductions to ho ni^uff 
in thf -i.te, uviirht. and cost of ltoilervi. Thi* boiler j- n| 
the onliravy multi-tubular type, but It ..-untam* iw-ith.-r 
funoHM* nor uombttsiioD cluunh*.r, uf ti, c u *iud r>|- , 
The tiil>rs are paeked with a refrae'ury inateriid and il,. 
fuel, en* or oil snmy, is burned atthin tbe tubn« of iL,' 
boiler. The refractory material greatly inermsr^ tU- rile 
of nombuation and alao «r«*tly imT<a»cs tbo rate uf 
evaporation, fn one boiler the rate uf evais.ratiutt 
om ai pounds p™" «qu*r»> foot of tube surfaev. p» r hour, 
whieh is from thrco to four times as erent as that usually 
aftaiftod in marine hoilerx, and it U Hat^t tlial tlo 
elHoieney was mw 0t> per cent, a» cjmpared with fn*oi 
70 to SO per cent in boiU-m of tin* ordinary *> Tin* 
ImIit eantu't urjfortmiatrjy, be iir*-d with «v>a| dinel 

'H -ml in.;M firht Ik nuifl^l tin- ^ rtiunt W 

thurotmhly ^h at^ed or a*h and tar. This twdt, r ir t ,.o („„ 

wotlUl he of no list* for MUirtii'- pijrjmv*^ wi-fi- || ti'if Tor 

tbe fael that fuel oil when MiitaHv xprn>«il tuiiv In.' u-.d 
in eonjunefion with it. If the reuitlt^ ftlrr»dy obialned 
with thi* type of hoilrr ore proved tu In* attainable uudt-r 
i.yular work* ay eoiiduioni at *vh nUhoil fuel.tr n\», 
<■ wat. j-niW bwler for warships 
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The steam engine, whether at the reolpfacttno; or of 
the turbine type, fa** » mirth low« possible eflWeory 
than the internal combustion entruM. If oooi is buraod 
without oxeess of air, the U mparauire attainable ii .boat 
A.3Q0 di/g. Kaiir., ud . perfect enifine .-orkiiur batwooa. 
Ibis toropwetunr limit and the temperature of tbo atoto- 
tplw.ro would convert Bl per cent of tbe host into work. 
With ft perfect boiler, tbe weight of eoal required per 
indicated horoe-poww hour would be only one fifth of . 
pound, and the weight of oil required would bo only 0.133 
of . pound. 

The maximum teroporatnro attained in tho nylitMion 
of -.-as and otl originf-* it about 3,0(10 dor. Fahr., and a 
perfect cycle working between tbi» tomprruture and »t- 
miupberic temperapjr* would convert 85 per oeot of tbe 
host into work, and would use only 0.1W of a pound of 
oil per indicated horse-power hour. The thermal etb- 
.-icnoy actually attuned in Diesel murines is aboul 42 
per cent, and the weight of oil per Indicate horse-power 



hour in about one third of a round. and the wetirht of 
otl per hrakc horsepower hour is sluwit » I of a pound. 

The great handicap of the steam engine ■» the big drop 
In temperature between tbo furnace and the steam The 
beat result yet attained with a uteain engine and boiler 
it a combined efficiency of 17 per cent, and. including 
Murine friction, 1.1 per cent- It in usually very consider, 
ably loss than this. With the above ctliraeney, tbe weight 
of eual used per indicated horse-power is equal to I. OH 
pound per hour, and the weight of coal pur brake horse- 
power hour works out at 1 '££ pound. 

Tho greater possibiUtuxf of the internal combustion 
engine as compared with the steam engine and the results 
already achieved with marine Diesel engines must com- 
pel increasing atl«ntlon to be given to tho development 
of the internal combustion engine. 

With internal combUBtiou engines, Uic fuel may lie 
either ooa] or oil, but at present there is no gas producer 
available suitable for marine purposes, and very few men 
appear to be devoting themselves to the solution of this 
important problem. Tbe line of least resistance for 
marine work b the use of oil fuel, as thb does not involve 
the use of gas producers and their aceaasnmts- 

Tbe fact, established by actual experience at sea, that 
the weight of oil required per brake horse-power hour by 
Diesel cnginas is only from a quarter to one fifth the 
weight of coal required with steam engines, whether «f 
tho rooiprocatinc or of tbe turbine type, enables oil fuel 
In be used with commercial suoceee even when the price 
of oil is six or seven times the price of coal, because of tbe 
savings and advantages obtained with theee engine* 

For marine purposes In general, otl fuel has many and 
great advantages over eoaL Its bent value per pound Is 
SO per cent greater than that of good eoal, so tluit even 
with etcejnshlp* only two thirds the weight of fuel In 
required. It can be stored in the double bottom and in 
other remote parts of the ship. It is self-trlimning, It 
can he put on board in much less time and with entire 



nbnncc of dirt mid dust with steatu plant foaeT or 
e miuired, mokcrt and trimmers are 
It i« not lialsle to spontaneous combustion, 
and there ure no nsh<« to l«e got rid of. 

it has been nstimated that if all the power-jiropelled 
sbi|a in existence were driven by Diesel engine* of the 
prcsrjit realized efficiency, the aiuoont of fuel required 
|»-r annum would be alxmt 'i't milium Ions. In Germany, 
owing to a heavy ioi|s irt duty on oil, a great deal of ntten. 
tinn ha> b>vn devoted to the mantifu' tore is? oil from coal 
tar, and practically all the heavy oil rtigiucs in Germany 
un? run oil t«r oil, of which the output durin? this year 
vnll prolutbly amount to about one mitlcoo tons. This 
is prohaldy ol»iot five limes as much as would be required 
tor all the ships of her navy If tnese were propelled by 
Dii'cci I'ncines; mid n« a l)l~*el eni^ned ship can csury 
Himcient nil to rnnble iur to go to «n> part ot the world, 
ihrht her battles, and return hotne «iihnut taking m any 
frcsh supplies, the reUtive sd\snUye> which we at 
present due to our cr*hog »t«tions. would vanish 

it she were to adopt Die-cl engin«i for the propulsion of 
her »hip< of war. Pisuibly the realization of this great 
incrrn** of jm^r has hsd sontetbing to do with the 
enormous expenditure ic" energy and ttiom y on researches 
mid other experimental work iu connection with Diesel 
imgine* in Germany. 

We unfortunately, hnve no natural su|iply of oil in 
this country, and ir we are to continue to use coal for 
marine propulsion we must, devote ourwlve* to the evolu- 
tion of a suitable gas pn">dito«r. (Vol, however, Is not a 
source of heat energy only, but it can be made the source 
of valuable producle, such a< Milpbate of ammonia and 
tar. The amount of tar nt present produced in this 
country is *iflMont to pnivide much of the oil which will 
lie reooired for innriite porr^iM^ but we may soon And 

it more prnfllnWe t uivtrt coaI into coke or coalite and 

gs>, linn to burn raw coal (or domestic :>nd |»wer pur- 



Birds and Weather* 

By A. Land>bor«i| 

: dimcult question of the Influence of meteorolog- 
bsl cundllloiM on tac pbnnomctia of bird migration has 
f..rinnaleiy beeti very thoroughly studied ss regards the 
HrltUh urea, but we are netie the le»» glad to welcome 
the recent to horn of Dr. liefaot on Oils snliject. Dr. 
Iiefant na a metcorolcitW has submitted to n critical 
crimination tbe ilata collected some years age re 
uarulug the spring arrival in Austria of aooie thirty 
sissies of birds. He has selected four species for 
»|hy1uI treutmeut. mid the data cover u lierbid of seven 
■lessons « 1^7-19081. Tbe published weather reports 
luive suptilbsl all the uecexsiry meteoroteglcnt data for 
the cnrrcsiKMidinx iwriods. 

,\l tlie outset of his paper Dr. Def.lit points out that, 
while all nieteorokiidciil factors must be taken Into nc- 
couiit, the relation of all other conditions lo tbut of 
ntmosphrrlc pressure renders possible u concentrated 
attention on the latter. A comparison of the orultho 
logical data with tbe temperature records gave a purely 
negative result, no direct relation being discoverable. 
Dr. Defant also rightly insists on the Importance or con- 
sidering tbe weather of tbo wbole of sou I born Europe, 
tbe conditions prevailing ui the actual areu of arrival 
being obviously less Important than those in the regions 
Immediately lo tbe south through which the migrants 
must pass. 

Tbe spring Immigration of tbe starling and the lark 
together, these species showing a deluded 
- In tbb aapeet of their seasonable movenwuts. 
Tsblrs arc given showing that there is nn annual varls 
tlon both In tbe earliest date of utrtral mid In the dura- 
tion of tbe Influx. The |ieriod of benvy Immigration 



for the seven years was February 
23rd. while the average dales for particular years 
varied from February IJth to March 3rd. 

With the partial cxceWlon of one year out of the 
seven It was found that the periods of maximum Immi- 
gration coincided with iwrkaln of low atmospheric pres- 
sure In the west and northwest of 



lions give southerly or southeasterly winds In Austria 
end the countries Immediately to tbe simth. and usually 
rihllut lempcnilures The Inimlgrathai was all the 
Itrcuter when these favorable conditions bad been Im 
mediately preccilcd by ll prevalence of high pressure lu 
Ibc north and northwest (or nortbciisl i and low pressure 
In the etist or southeast ; such condition* usually entail 
low temperaluree and tw.rtberly or northwesterly winds. 

!>T. Hermit then .-..lisUletN the nrerscc <lally [iressure 
f..r the Hireo regions lilt" vthl. b hi' divides southern 
Huropc These nre A — Wcst.'tli Asia Minor, the Itlll 
km, I', niii-utii. tbe Adriatic s,e<, and southern Italy: 



It the remaining greater part of linly, tbe western 

and Portugal. The last named region t« soon shown to 
Is- Irrelevant, nud Dr Defnnt's seeoinl ci>riclusli'><i re- 
stilts from a cvmpnrlsou between A and It. He finds that 
strong Unmlgrttloti In Austria oi*-urred when the pres- 
sure lu these regions was relatively bU'ber ihiiu on the 
days Immediately before and uftcr and when the ores 
sure In A was higher than In 11. The cast to west 
pressure gradient thus formrsj, when c 
effect of the earth's rotation, jsroduce* t 
winds characteristic of tlx- line of weather nlreitdy 
described as favorable to udgntlluu. 

tbe house mnrtln nr*. then treated In 
tnot Jointly as In the precious case, 
> economize space In tables and 
The same two conclusions arc arrived »1 for 
theee Immigrations occurring much later In the season 
than thai of tbe starling and the lark. A second type 
of weather was also found favorable in the cose of the 



of central and southern Eumi*>, usually with weak cant- 
erly or northeasterly winds. In senwins In which the 
strongcet Immigration occurred under such conditions 
the period of the chief movement was protracted lo 
ubout nineteen i Instead of about ninci duys. 

Dr. Defant bus clenrly iirorod that a eertntn type of 
weather Is peculiarly favorshle for Ihe spring Imnilgro. 
Hon of Anstrtan blrtta. 

Ills further speculations *'"■ howeier. open to serious 
erltlclsie. He believes that tbe luiportnut fuctor In this 
type of ncaUier Is tbe wlud and tliat birds prefer to fly 
nllh It behind them. Ills reasons ns to irhet hints 
should do so seem to us to he wholly tsslite the point, 



wind In Ihe name direction as that of Immigration from 
the Balkln Pctilii«ula this region "A-) to Austrts ; bat 
the linmltrutlou from the southwest C'B") probably 
forms a liirur part of the movements which were the 
subject nf Invcstlimtinai- It Is unfortunate that only the 
spring mtgruilons have oecn dealt with. Mboutd the 
>ame type of weather with Its accompanying winds 
prove to Isi favorable to the autumn emigration (as In 
tbe ease of the Itrltlsh movements), Dr. Defant's theory 
would be quite uuteuable. 

In the meantime Dr. Defant's selection of wind as 
Ibc imisirtmit factor is purely speculative, and tits view* 
entails an entirely different relation betweeu hints sod 
weather lo Austria from thot existing In the British 
Islim. While rejecting his theory or the Imis.rtanoe of 
wind ns uuprovi'ii and Improbable, we feel grateful for 
tlie now facts which lie has added to oar knowledge 
of bird migration by his most laborious and thorough 



. 4>f and as 




• "tier KlnfUu 
Zmttegei Im grtujltns ' Bv lt«. A. 
ano-il fo.iu XaUHt. 



obtained In OUs 
IVfsnt's 
Ingty obvious 
groomls- 

The altenmtlve Iheery Is that -Ibc winds nud the 
prrformanoc. or non-prrformnnce or the tralgmtorv' 
movements arc the effects of a common cause, namely, 
the particular type of weather prevailing at the time, 
which may be favorable or unfavorable for tbe flight of 
hint* . , .» (Ragle Clarke. - Studies In Bird Mlgra 
Hon." 1912, p. 173.) 

In the Brltlah area there are eert.ln tyi-c. of weather 
farorahle. rcspectivnty. for migration Iwtween the Prlt 
L«li Isles and northern Ihirope, betw«.-eii the British T*les 
and Icclnnd, and between the British Isles and south 
western Kurepe The winds uc-Munpan'ilng Ihese types 
of weather etejti or mnv sot lie in the ear direction ns 
the movement* <sittccnicd. Furthermore, the snnie lyt»*. 

of weather favor Ibes.' movements l..t mlllimr, nlnl 

spring, the direction of flight tslns reversed white the 
prevailing winds rewinln the sauje. 

In Dr. Ilefant'a slluidcr cuse it so hn|s^-ns that the 
favorable type of weather be has discovered produces a 



l.v a paper read licfore the Institote of Automobile 
Kugtnecrs, V. W. Mnehesier considered this Important 
subjoi't at ctin-dderable length, and Includes a short de- 
scription of his antl-rlbrator and his crankshaft vlbra. 
Hon dumper Tbe fnoctlon of thn -anti-vibrator- Is to 

Is-rlndU-lty. and of sufflrleiit insgnltude to neutralise 
Ihe untinlnnccd octave coniisirieiit uf the piston molion. 
To this mid, two reverse rotating balance weights are 
employed, or two pairs of such weights, each of which 
supplies a vertical coansiuent sulltclent to qoench one 
half of tbe unbalanced pLvton eom|ionent. the horisontal 



ranged to neutmltxc one another after tbe etytc of the 
tialnnee weights fitted to the crankshaft of Ihe old 12 
horse-power Ijn«che»ter engine. This device con be enr 
ployed slnililtsiveouBly for tbe correctl™ of iho ocUve 
vlhrulhtti ami for the cUminallnn nf vlhrntinn due to 
pWoti Inertia. 

The solutien to the torsional vttiratl..|i tp.ublc with 
crankshafts hss hern found by the author to consist hi 
u rltira11i>n damper -ittached to the tall or free end of 
the crnutstuiti This dumper In the form fltted by the 
llalniler t'.nniuri) coinprlties a small flywheel mounted 
to mtnie fe ll im i»n rings, and In driving connection 
n llh the cnink-Jiaft through u multl disk clntch sr 
ranged In an oil luith, onlinary vUcoiis i-yllnder oil 
Is'lng usesl its luhrti'stlon. The itnin|ier, so Qtted, does 
ii"t lmtmle rotatloiiul luotlon In the smallest degree — 
It Is carrlnl miiud with the crmikshiifi vflthout offering 
n-slsliiiiie bin ll forms sn Ininesllnte nod ctuusMerable 
i-.~S«tiili.-i to niiythilig In the iinliirv of mif-nlsr or lor 
s|..nat vlbnili.in Since the liitr.«lii. tion ..r this dompwr, 
It Is »«ati-<l Uiat all dlBleiilty pcvhoisly experienced In 
the driving of valvo Bror fr,.w ihe tall .nd of tho crank- 
shaft bns dlsnpnearcd 
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The Experimental Plotting of Electro-Static Fields 

A Simpk System Useful in Designing High Tension Insulators 



No rfiiiM viuc who read Ibhi article will at MM mm- 
Uff am* her have plottpd electro magnetic field* hy 
sprinkling tnaw filing* on a *boat of paper bold over a 
magnet. But bow Many hare plotted tbp rtwtn>*ijitU- 
ItHd Imhwwii I wo charged bodlea? With the IncreaaJng 
uwv . ( hlicb voltagen lntereat In electro-Ntallc elTe«1s 
lut> revived, and method* of plotting < *»• — llrld* lmie 
iMtMM of lntereat. 



By S. II. <^urrixM*krr and Muixaii Parsons 

♦aw calculated according to Iheor) for point worce*. 
The potential difference wn io.i.w ratta. Allying 
for tbe discrepancy doe to the fact tliat the dUkii arc 
i wit exactly point source*, the Held* mn> Itc said to lie 
alike Fig. i Illustrate* n need It- point at the center 
if Mi-' are of a circle, and wan ftuhjct-t In ntnail M«M» 

volU. Prxua ibb* may la* Neeti the wriMoMMa fort, 
that ii Held 1* ntroiiKer at a iNttnt than orer a large im-n. 



It almi shown that UiIh method will Indl'Wlc tile tntri*- 
Ity of a Held an well at ItH direction. In Pig. & a *trlp 
of tinfoil, wltb aide* that follow two cojulputentlal Mlf* 
faeoa, U lnttrpoaod lu t mru the two i-ll\*illar ditlc*. 

Thla arrangement glre* a better distribution of the 
Held than If the Hide* uf the atrip had been parallel. 

The Deida obtained in this way are of value In de- 
signing high trn«lou in»nlator«, n< well as heloir Inter- 




Pig. J.— Field produced between two 2-ceatimeter 
dlaka placed 15 centimeter* apart. The fall linea 
»hoi* a Held calculated from theory. 

(|MJ of tliewc method* I* nmiparatlvHy simple and. 
in •lUtMne, I* aa follow*: A thoroughly dried, line 
Hi-allied. WiMNh'O plate 1m tt*nrc<l ami held in a suitable 
Insulating Maud, a* Mbown In rttfurv one. The. ba>e 
■•f thla holder I- twenty-four by t went? four Inch**; the 
-la** tube* are alao two feet long: small wooden but* 
ion* are set in the top of the tula** to support tut' 
LUfBjgia of the plate; and the two clamp* "a the hack 
t iihc* are u*cd to hold the auppty lend*. With rorb an 
arrangement aa thb> any also plate up to 20 by at 
he-be* may be iw-1 Next a aheet i>f l>«r*e texture 

iwficr. auch aa Ik uard hy new*4|ai*»n«. In fn-i I on 

tlie wooden plate with thumb tarka, Terminal* of the 
desired Mbu|M* are then cat from HdNI. [waled no the 
/hi* r. mid wired to a source of high voltage through n 
suitable ftwltchlng gear. Powdered aifca in then 
sprinkled over the paper In a thin uulfinui layer. It 
will not lie difficult to do ttila If a (Imir -Oiaker U inted. 
and the apriiikUiui done from wHI Baairf dir paper. 
Next the roltaif** in awHcbed *m, and 11m* plate tapped 
lf**ntly with a loiia; rod of irlaaa \w of her Inanla 1 1 
toatertal ; the operator KtnndlnK h iii'iMiindiirlliiiC 
platfortu, Aa tbe tajiplng In i!<*m> tin* mini will t>e att-rt 
to form Into the line* of the field. No me. of course. 
-Iiould be near the appnratu* wbea I be vultave 1* 
•^witched on. for In moat twae* at least .".»U(l mlta will 
ha nccewaary to form the field. TbouKh there are aev- 
eral other metboda the ocie oiitlliital above in *l tuple of 
it form a nee and may W> made to produce good reanlu 
after eotni«ratlvely little prH«1l*e 

Sheet mica may 1»c |Hm-dere<l hy usIiik a milling 
•-utter, and carloiat niim produced hy changing the 
Hjieed of mttlng- Por plate* eight by twelve biIch tlmt 
kjgg p**-ed through • twenty maab nlere and over an 
eighty meMi owe will be found ver? Kknal. Tlie lM»ar 
re-ult-t will la* obtained on a dry day working with 
mtoa that la ■Ian thoroughly dried. 

If It in ih-Mln^l In nuke pertuatH<nl record* blue 
print paper iun,v la- MithalltUted for the lume f<*xt«nr 
|lt]M meiilhiiieil nbove. ami then printed wlilte the 
mica du«1 flr-hl In atlll m It. Or a still hettt*r MMfal 
thai la to we hlark pa|a-r (airattlned mlher lieailly by 
tMpftpg; Tlwu prrrrtcO aa before until the fteld In 
formed. MfCl tueli the paraflln auAcWvatly la *«*t the 
mica, hut not »*ih •u*di to move It from 11m prarithaa. To 
• lo ibU an MM nui.v Ih> iimnI .<r a lamp i-.ntk will wir 
tht* piirp***' A -Tail of >die1lac. Npeayeil gg wh*-ii the 
paraffin U •-<••! will aid in preserving tl»e plate Tlil» 
tatter methi'l wa- tm* way the ftVId* were madr fnun 
nl'Mi ttir gMtajaianquM were lafceii. The thdilN will la> 
fouud to »hnu up ier> nhi*l> on the hla*4t |Mi|vr Klit '.' 
shown the KfOtTal lajmit of the ii|>|i«ratll«. 

Tlie pholL>gra|ibN rcpn*l«iT*d iKft iW "» ftKJM "net* 
ffvai that have not been retumlwHl r*la. .1 ahnwa the 
fiel"! between two 2 centimeter dl^k* with l"» cetill- 
iwten between (inters. Muperlmpotcd on thin field la 




Pig. I. — Stand uaed lor plotting Hertro-Malir 




Pig. t.~ Needle potat at rrnler of arc of a circle, 
ahowing that a field la atronger at a point than 
over a large area. 




Pig. 5. — An cquipotcalial uirfare between 
two dbriUL 

oathug tbeorvtlr«|l.v lfitt iu-ulalor dealgn wi»rfc lurwe 
HHda hliuw tl o dlNtribullon oci a iilatic iai-vii*d Uimuxh 
the axla of the Inaulator. Procn the aUndpoint of 
dWggy, tin- |HKNllde «Iui|n> for an Insulator to follow 
hi that of taie of ilu* dim- Ilia* nf tht> field ; practhv, 
Iwwever. uiiNllnes UkBM sha|»**. 

The work Btgag »hl. h tin- aUive reaulU were obtained 
waa carried i*t In tlie tillemnllng current liilKtrntory 
of the l'nhet>tty of l'eun»ylvHulu Kle<tririil Kiiirlnecr- 
Ml| PegalrtmMti 

International VoJU 

Is ilceordniMv Mflb tin- iteelNhilPi of Hit* |>*ial<»u ciin- 
f»*iiinn' the sJlvet iolttiiiwler Is lo l«< u««e«| in meutmre 
the lutertmlliaud iiiu|H<ri*, and this In ci>uurrll*4i with 
■lie Interiitilliaial otini amy tw utetl in lueaunire Inter* 
nntlniutl raNa (hi the <4her haml. a •tnitatard cell 
nlntsa* vidtaire In ggataag N I In term* of the mean Wo*, 
hai iiormal c*<ll taken a* I.OIVI ratta at 1SJ deg. On! . |h 
kM ilw rtf^ivtilced method of mi*naurlntr International 
Voftg lu act-onlaui'i* with the recuroiiieikdatlon of the 
InleniHllonal < '••nuiilttce oci Kh*ctrlcal I nlta and Stand- 
n rda. The dUTen-un* l**t wreii i fir t *a o aaaagufiMMM I 
"ill la* 1 1 l * - Nuuar RM He- itHnUffapB bafMBga the round 
i«hie l.iilsl rtdta MCaagaaMM M UM Itilernntlotial 
i 'oamittirv. and a<l<aj>titl for use l>> the ae-veral couo 
irU-*. nod tli>* imir** fvaci ftjtntv cxpreHidng |Mvefaely the 
rallM fnuial h> mvtMM of the allver voltameter and a 
slniidard rewUiani-e. iiaHamlux that the errort of mm** 
nreiiaelil are neitllglble. Procn a long aeries of deter* 
nihialloim with the vidtameter we Mfoag that this dlt 
B I B B ii a Is iiImwii -*l pari* In H*«.i*io 




Kig. 2.— General arrangement of apparatus, for plotting elertro atatir field. Note protecting fence 

around the aland. 
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Fif. t. — Torpedo head shop. Thrae rones enclose the explosive, and an Fig. J.— Torpedoes ready far delivery. The riplealve brads are not affixed 

furnished with perextaaKfi needles, until just before they are launched. 



The Automobile Torpedo* 

The History of the Development of a Remarkable Invention 



Kok a lucitf time Ibi- cniuiuu wus the main light In* 
nrin fur ship*. iKirlnK the l»«t (jaiirtpr of the last cen- 
tury the struggle f»r Hiiprvcuaey between It and In- 
» renting wtk"k»iwy In armor waa IIm reason for Mien 
luiprvveiuent lliul It Ik to-day at the highest in>lnt of 
twrfertUiti It In likely tu minim 

Hut about 1870 there appeared unotber nuvul weapon, 
the self propelling torpedo, invent**! ami constructed 
by Whitehead. This showed lb* potential power during 
llw war between Chile and Peru (I8TT), but neiertUe- 
\kv% It "Hi only a weuk weai-on. The diameter of the 
eartjr torpedo wns VI Inches*, Its weight not fur from 
MH> pound*, and It <-arrled a charge of explosives of 
• *ii.v SO pound*. lf> striking distance wan limited to 
meters (flfiH fit- 1 1 Mini It- g rente*.! H|»eed in the 
water wan about H knots. 

The Kin lid iDvriitor <if thht weapon wan Iwru at Ilol 
tun le-Moxir*. Kngtiind. January Hrd, IK£I, At fourteen 
|pf <|n1t school to heroan* an apprentl-v In a mUJ In 
Mawkeater, where TiIh uncle wan snj» r!i.tcn<tent. At 
hrantynM be WU n draught*iiuiii at Mar^llle*, and 
three j car* Inter bit went to Mtlati, where Ills uxvupit- 
tUm was with silk loom*. Here he patented a number 
of lia|Hirt«iit Invention* la machinery f«»r wearing He 
wax next director of the HtablUneiitu Teruleo, at Trieste, 
and lit 1H58 be helped establish at Hihdh, not far <!U 
taut, a marine engineering works which prospered. 
Of this be became proprietor la 1-S7-. and <■ hanged It 
Into a factory for the cortst ruction of torpediH**. 

The 9 lory of tbo evolution of live Whitehead torpedo 
I- ibis: In 1900 Capt l.npphi of the Austrian navy 
<xiiK*lved the Idea of a tesael fur coast defense, dirigible 
from a dkvtauee mid carrying a charge wbkh when tbe 
lioat struck a ship or an obstacle would be exidodcd. 
In l-in Whitehead ami Luppta asMsUted themselves, 
for tbe purpoae of developing til* Idea, It waa rary 
toon found to be Impracticable, but Whitehead thought 
that tbe dirigible boat wight be ebnuiced Into a sub- 
Diarlne projectih! tniuible of makliuc 1U own wny wben 
biiincheil Into Out water. The llrnt torpedo was con- 
Mtrwted In Octntwr. lsntl, ant ihundte Diimerou« and 
ItaporUnt ImproTeuient^. It wh* considered eren up to 
the opeulnK of tbe HnM«>-Ja|MitieMe war a weapon of 
uucjertalu value. Since I hut dale. huwe»er. tbe opinion 
of axprrtii ban been chnnjted. The ttntt expetinienU 
••bowed that tbe eMentliil ipialitx to develop wna t«|peed. 
and tbe effort* were Urci-ly ahai^ thnt line for a time. 
'l*bett ou HOTiiuit irf the oHitlnually greater rtnhitancoi 
of the armor of ship* It wan M<tvtp«ary to tocreane the 
i<x|k)oalve cJiarirc Then the devdu$imeat of rapid lire 
icnitH itiHdo It umrc dullculr for tbe torpedo tn>at> to 
* r.,inp4IM tmm t-m \atnrr nml /.« K*t*nrr *t la Fie. 



npprunch tbetr «d»er-*rlew and greater radlua of at* 
linn wan necraaary In tbe tunanloeN tbein»elvea. Tlie 
different demands led to irradual lucreune In the caliber 
of tbe projectile, but biure tbn question «f weljchl came 
aa n determining' factor It It neorwaary not to exceed 
tbe w-elglit or dlmennlonH that can easily ha handled 
i'ii nlilpbuard. Next there wan the u«** of conipreaseil 
air for mot ire power. It luti been througb the coni- 
IdniitUin of all these factors by dint of an ctioruiuu* 
jiiiKiunt of Ingenious invention and adaptntlon thnt the 
iiKHlern torpeilo baa been possible. 
Ttie fidlowhig npertflrAtlorjR, compiled from varttais 




r'lg. 1. — Launeninf trial torpedo. 

luM<ft 1, tbn teat lorpadu; 2. torptdo of to-Aty. 
z. lUrtjcibw tpoat a| tajfkt, 

^ratetneot> will *er»e b> mitllne tbe lU-vftofiiurut nf the 
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Trn' iiUHli'l at 190(1 waa Che tunilnr pla<f> whloli mnde 
tt'f toep«lo a rs-nl rival of the ronniHt. Tlie xpeed vn* 
ralwd to 40 knot*, *nd <o»' i1I«Iiiik« imnnllile to 3000 
lueters (niore than a mile ami Uirev quarten). Tbe 
cvllber remalued eotrntaut, but the projectile waa leairth- 
ened and now marfalnorj tntrodtioed wlilrb lnrreaivd 
Ibe wplgtit. Thf tyrw of 1012 *hnwn (till further ad- 
vuucea, *od a mim at nearly four inllen, hut the 
welirht limits Its uwu lo m-wN of Inncrr, modern 
illiurnalonM. 

Kver>'Wlkere aklllml men liavo been working for Ibe 




Kin. 1 Serlian of Bllaa-Learill torpedo. 

?. ptrcuotlon kaaStl ft «»fHy alo ; V. MpkMlvc; D. prlaklag; B. tunipefMwil air laaA ; K, water valr«; II, 
peoaalom ; M, aiofiini ; tfll, air haatar ; O. plaaaft-motor eoatrolUDg tba deptk of uameraloa : V. arroafopc : T, 
xyrofeope aprloa; or/, plnnrr rniM»nt: Fit. mdd.r raatrola: K, tkaft: r. peoptllera. The Metetaa radflor* ara 
tbe nttk dark aquNrv. 10 tbe frirwunj (ipaartoa of tba call. 



I erftvtlou of the torpedo, and toe prucvtMe» of Improve- 
ment arc everywhere evident, notably In tbe machinery. 
I'.y emi>loytn£ laru. I r. r.rrv. . 1 r:i i.f . ii:.|.r.--. tril nlr t In- 

raiiigo of Ita actloD haa lncronaed even up to 10.000 
tiH'tera. Vm the other hand It b> iwxvwiary to travel 

H, I- dMnuce with such speed that tbe veauel axiilnnt 
which It U aimed caiiuot run away or maneuver so us 
to avoid lr_ Une of the proceaaex tending to Incrimae.] 
otllelencT u the heatlni; of the nlr. Thla haa been an 
Imiiortant atvp. carrylnf tbe aolnllun to (rav« dirncul- 
llea, aauonc tbem the problem of lubrication. Com- 
pressed air when liberated la an extvlleot refrigerant, 
and It baa been found that the teonperntaro of the ex- 
lutu.t l« rre<iitently below zero Cent Such cold pro- 
duce" anooylriK truublw In freezing tbe lubricauta 
In a machine whleb uiuat employ them everywhere, and 
tlie high temperature of tbe air modifies this dlfflcuily. 

Vurloua aysteuts tire emplttyed for boating the air 
for torpedo engine*. The ib.ua! metlMMl employed U 
tiy burning nbv.lt.il cither within tbe air reaerrolr or 
In tli- plpea leading to Hie niotora. Tbe llliutmtliHi 
(l*l«. 4) ahows tbe device (ft// 1 within the tank of 
rutupreoHed air. Tbe advantage of heating tlie air Is 
nhuwu by tbe following table of comparison. Tbe 
srsssls ant given for dUTcrent dbttancea from tbe firing 
station, tbn torpedoes actuated by heated air not only 
attaining a higher early velodty < utmost ooe <iuarter 
xreateri, hut maintaining a higher iHtreentngo of It 
tbrtitiait u long run <m per cent against 37). 

DbUnrs. wick .-..hi air. wlik kaatad air. 

I. utH) meters 33 knob) 43 knots 
1.300 meters 30 knots 40 knots 
■J, 000 meters 28-23 knots 3ft knots 
3.000 meters 23 24 knots us knots 
4,000 meters 18*91 knots 20 knots 

Then by ntuither very Ingenious device It Is iiuaaibli! 
to give toe aelf-protielllng tontedo a trajectory that Is 
effectively rectilinear by furnishing It with a gymaeiia' 
governing the rudders. It Is possible In tills way to 
keep the axis of the torpedo to tbe direction given It 
on the start. The apparatus waa planned by Obry of 
tbe Whitehead »hor»i at Flume, mid is geuerally known 
by tlie name of the inventor. At first tbe motive power 
to keep tbe gyroscope In motion waa a spring, but this, 
proving Irregular a little motor run by cvmpnaatd 
nlr is now used. Tlie original model of Obry had a 
minute dynamo. 

Theoretically, It Is merely necessary lo aim tbe lor 
pedo correctly to have "t strike too target, tint here 
QMN are practical difficulties!, for both sender and re- 
aafpai may be in motion, and there la benblm tlie un- 
<v-rtalnty that every bonier feels In the preaente of 
game. 

A ivry rent Improvement In Ibe unslcm aorntrMildle 
Iii/|hs|.i is Hist Ibe iiuantlty of explosive* has ciai- 
slanlly been Increo-wsl. Frian tlie earlkwt uiouVi with 
kbolal .'13 pimutls to those In use (o-day. which bate aa 
much as :*»> pounda of gun-cotton, the step la a long 
■aie, and tbe present Ullsalle Is cnpable of ionising 
grtwt ilesiructlon In Ibe hulls of even the Iwsat pr.. 
Ic-ted veaaels. 

It ia Intereatlng lo mile the illirerent Hues of develop- 
ment In the various powers of tbe world with refertawa 
to the torpedo. 

In France tbe inwlUicuUiwa have tod to a type of 400 
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millimeter* with a rhancn of tOfi kilogramme* of ipm- 
i-i.IIi.ji, tbe explosive fore* of which Ik four time* that 
of gun-powder. The weljsht of the prolcetlle U -,ulXl 
|hxiu1<; the rniigc, 0,000 meters, [he early velocity 42 
Inuo, which i« maintained up to '.'.nixi meters, with 
lhi> Anal velocity not lav than 28 knot*. The price of 
*n»-li n projectile Is About $l,ouu. The new French 
nruiorcl »hl|* are furnished Willi six torpedo tnhe* 
l.cti.»- the water line hikI protected against iUrw« shots, 
while the suhniuriiies iuiw carry eight tubes. 

Kiizluud use* toriiedoe* of 533 millimeter* caliber 
of the Armstrong A llnrdcnslJc models, with nil curly 
-liecO of -to km** And ability to maintain high snood, 
,iixl the obiirce I" 11W kilogramme* of explosive. 

Cermiiny plucr* on board Its armored nbL|W a lortiedo 

while the cruiser* nr*l torpedo host* w another model 
of SCO millimeter*, but with the shorter range of 4,000 
meter*. Studies bare been made With torpedoes of 800 
millimeter* with errs I speed ami range. 

Kti>»jti 1* the only power beside* Frame tbat hiu: 
|o-|,l t,. tlie ibmlel t«f 4.VI millimeter*, hut with a heavier 



charge. US kUogratnmci. The range of the Whiteheads 
It uses 1m irrcatpr than 1X1*10 meters. 

In the United Statee die model adopted I* tb« Bllaa- 
Issavltt <•«* Illustration) of 833 millimeters diameter 
with 123 kilogrammes charge, capable of making 38 
knots at 1.000 mctrr* and .TO knot* lit 1.000 meters. 
Kxpertmrnt* biive heeii made with other* of the pro- 
jectile* with effective distance* up to iu«o meter*. 

As to modern tactics with these terrible weapon*. It 
count*!* no longer of Isolated shot*, but In volley Hem. 
Such n dlsehnrgr of a number of torpedoes against a 
lino of shins Is considered as sure of result*. Tbs tor- 
pedo boat* uuler snie-h clrcvtmstaws* will have some 
advantage*, for after ihe Unit phases of a naval combat 
It certain amount of eonfusiou U likely to be pro- 
ne*!, and then they csii charge the fleet In a body. 
'Ibis may take tbein to within 2,000 or 3.000 meters of 
the enemy, and without doabt they can from tbere send 
nut torpedoes that will be pretty certain to bIL 

It Is generally estimated that at 4,0u0 meters SO 
l»-r cent of the torpedoes will be effectiv*. If ibts were 



only ten per cent, and oaf of 40 projectiles. 4 explode 
and pot out of tlw battle two or three remes*. the 
attacking fleet will hare achieved enormous result*. 

Torpedoes have the general form of a cigar, being 
about 5 to 6 meters lu length with a diameter of about 
490 millimeters. The body Is of steel, and consists of 
four aertUins ri rally screwed together. Tbe head, abont 
one eighth of the whole length, k« content In form, and 
within It I* the explosive furobdwcl with the percos 
slon apparatus, which, when tlw projectile strikes an 
obstacle. Ignites tbe priming uud causes the explosion. 
Behind this Is the second section with tbe air reservoir, 
a steel cylinder containing compressed air for tbe mo- 
tors and machinery. The third section may be called 
the engine room, where there are tbe various devices 

rudder runs. There are two propeller shaft*, on* within 
the other, each with Its own screw. The propel tors are 
in a kind of cage of square frames, tbe isttteru of 
which varies in the different tort**].*-, which furnish 
bearings for the propellers and supports for the rudder*. 



The Atlas of Finland* 

A Model Cieoirraphical Work of a Little Known but Interesting Country 

Kcvicw by (iiiKtnve Rejtelsporjfcr 



iTh Vsa/i/sl «», .>< »WVt Ms f-rswa ttoim bear. 
tkf o;(e ",-l<fi« r'nidiion. 19!"." s-ns puUitM irl //rJ- 
^mv.lyrs, in t'Jtl, lijr tk* Nociefu t>J tjrsffrupAgr of r*islasrf. 
/' i * ii ik'u/i tiir'tt ntbt* tvra nsVir tropt, ti* a^urrsl ,lwen- 
■ ■in }>\\r<itUi Aei'riv th< ".Sr«tulim/ ,ll/'js of lAe Cniird 
SiitltA," fcAich our /luropi of lh« t'esriM isiuej pcritxHcaUg. 

/ ^ H*,r(i n nrrr r-Mws KtH petAoWv appear duriao 

li. firirul .vxlumn. TArre art, Aoinjiw. imporlonl iifftr- 
, n,,., Mn-'eo ihat two voris, as to tropr and trtotment. 
t hr c'losiM nl/fli, mlh its two arrvxtpanyina totunu* of 
hit, m, in /<ut, u^ifue at a compirto compendium of the 
»/ .1 cnu>i(ro. iijinf Ms (irsi "pes«rroB»pr" in its 
h'wUrt «e«M. In icboitirakip and trorkmanMp ii u 
A-irJ/ti 4wr-fW>«r<7 in the whole runjpi of otoaropkirat Jjfrr.i* 
(,-.--. Knivoa.J 

I, vim, lntwe*-n Hw4«lon and Kutsia, Finland pertains 
ir"scr»l»hi'-iilly and gtHilogically to the farmer. In tho 
norlli n i* ill n» way distinguishtsl from Hs-odcm, wb<sMi 
■ieti*.. f..r. Kl. are enntinu«l aoross tho boerfer. in the 

«kiiIi il »i»t* <t a laeustrinn plateuu. resemliirng that 

of Sniulalld, wlilr-H, on tlun otller sido of the Baltic, forms 
ih«. wkiiIh-cii exmsniity of liwoiUm; both are covered by 
a romplvnlnl network of lakes aod tntcreoannetins; 
wjileri'iMirs". In spit*' of its siBnities with Sweden, 
however, Finland well deserves to bo studied as a separate 
Ipiarntphicnl unit, in viow is! its pronounced UipotTrapbki 
f.uture.i. il* |*i«ition lietween Sweden and Rasida, and 
ils iHiiline, iu v irtue of which it forms * largo peninsula 
I* •.»!*. n the Oitlf of Bothnia on the one hand and the 

• i'ili of Finland, prolonged by Ijike Tsulisra. on the other. 
Finland may. in fact, I*. onsidered a* forming in certain 
iwp.i't.< a transitHW Istweeti the two muntries whieh 
Isieiter it. It lark* the high mouuvaiii* of Hwr<Jeii, its 
r»-li.f not *ur|OMibig that of (lie ewieru coMt of the 
s.-iiielniavsaii iH'nlnnitlu, so that we may n«axd it as 
a Nti p I. ail i in.- from llsv hich terraces of -Sweden to Die 
iiiiirslivs of the Haiti" provinces of Knsua and tlie plains 
-In Icliinir (Ik ii^o t-j the I'ral and Ibe Caucasus. 

Moiiever, the individuality of Finland as a country b 
.I.e. in oven liinrer ineiuuru to Its population: the Finns, 
wlio or* ^nuily in the muj-jrity. being a totally different 
r.u-e frolti tlemi w hich inhabit the neighlioring vountrics. 
Dn a-v,s,Mt th. ir (sisitiim. tbe Finns have nwessarUy 
l** n *i|!ij..-t V. ut'sxiks ami invasiinu on the part of the 
Swede* mid tlw Itusvians, and the hi.ilory isf Finland is 
inndc up ehii-ny of the» v strugirle*. Though gencrally 
lirtTOTvniL* ot<n*. or leu autonomy, ("inland has twvor 
ls*-n »'ritir*'l v iinl».|»-inlent. For ct-nuirics it was ruled 
l,v Sa..tI'|i. mid il i* now a part of Itussia. Yet, as tho 
home of tin- Kiti nie.li ]»iiplc. with only a small Swedish 
, I. tin-in. ami o ►till >iniiller Hmsian, it has wilhstooil the 
rlTort- of KiM^tu n».iniilAto it Ui herseb*, and pn«crvo* 
i.i,ni-.«tj»l.:il.|> 1 i lie tfortiM of an independent national exist- 

• ii.-e. 1 mi* lb d "ii ih «. hand hy the ]mtri«t>c idea is* 

MLiLiug tin' Fiiii.ii.li people l*Uer aeqiuuiiusj with their 
, ...iinry ..i..i .-iili tin io-.t>i-. mid on the other hand by 

mi nll|liiti..li to --'.nrrilMlti. to lliv getieral fuwl of geo- 

i:.M|,lii.-itl kn..«l. •Ivr--. 1. Ii-- s.ici*t>' of < i..«..|,Tii|iliy of I'in- 
liii.il ,lr'. rnini.-.l i.) pp-seiii ii deuiil.*! n*-i.ni of L*nh tie. 

. .,il ill. Inmian K>'<scri>|ihy Ibis inl-restill-r 

i-i ih. r.illilliM.n- -.1 ihi- .1. 1. ririiiiAii,.ii hu 
:,e*|.l.-i-.| .1 ...Tl. of til. Iiiltle Clink 

Tie til -' • -litl-.ti ..( II..- attsi. :.|.|h 4.e<*| >u ls!i».l, mi.J »i» 

Il . ■ . I.,|,l:|. ill of i-i ml p.".-.. ii1.ll In lie ..»-|ct; a'. 

1 1 e Si.-h llit.-rii*'.li.|l.«l li.*iirrilpllleu| I <,|iirn-,, II. 1.1 ill 

• M..I..-I..I ll*Ji.l Ii Ii .e .c.i V.J .s ,-„,-,, 



liondiMi in lSOi. The edition now under review Issis 
imprinl 1911. The committ**) res|smiiilile for it* pro- 
duction hiul at its head Colonel nud «'X-Oov.rnor Max 
Alfthan, who was a member of the committee, w hich cimv- 
piUsl the earlier odition, and three other m'-inhcr* of the 
same committee, vii., .1. A. Palmen. secreUirx of the 
socjetj : IW. .1. J. Scderbolm. director »f the tleologieal 
Commission, and F.. O. Palin«u, i*ofe«s..r of Scandi- 
navian and FinnUh h»tory at tbe University of Ilelsing- 
for*; also two new nx>iuoer*. vis,, Mr, Onui OlIU. ehn-f 
of tbe Cartographic Bureau of the government vjrvey; 
and Dr. K. R. von Willebrand, ehkef euginevT In tbe 
De]iarlmecit of Ristd,; and Brntgvsi. As cvinip&red a-ith 
the elteets of the flrst edition, tlie apsond contain* 5o; 
whilo lite text, which also contains numerous charts, 
illustrations ami gra|il». has more than tripled. The 
atlas volume ia iasinsl in a single edition, with titles and 
explanations In Finnish, Swedish and French; while is? 
tbe two lejtt volumes then, la a separate edition for each 
uf these three lauguage*. The French translation is by 
IVof. J. IViirot, of Heiungfors. The atlas is divided int4i 
two parts, to each of which eorrcsponds one of the 
volumes ol text; the first devoted to the phytic*! gersj. 
raphy of the country, the second to its human aspects, 
t. rnysirxL nEooavritT. 
In his exposition of Chart I — the general niap of Fin- 
land — Mr.Olila tracea the history of Finnish cartography. 
The esvrlissit charts date from the Afteantn and sixttsitth 
centuries. That of OLaus Magniw (133!)) is noted as 
having been tbe first to give a tolerably corr**-t idea of 
Ih* configuration of the country as a whole, and lis 
position with respect to the adjoining countri. *. TIh. 
v4^1usst productions of serious merit, Iwaever. ap|K4tvil 
in the fore-part ia* the seventeenth cetitury. ami were 
Issued under tbe auspices of Charles IX., uf Sweden. 
One by Abdrea* Bureus (1C3G>, reproilueed in the present 
atlas, was a retnnrkable work for lis tliuv, though il show s 
a non-existent ohain of roouniains running tlirough the 
middle of the country In the eighteenth century new 
surveys were made. In oouue.-tlon with the divi»iim uf 
lands and the fixing of taxes, and these led to the ex- 
cellent serin of uharta published (rum I7B7 to IS07 under 
the auspices of Baron Henoelin. l'ariah charts on a 
uniform arnle (1 to 20.000) were issued by tbe govern- 
rue-nt survey department between 1*10 and I.VjO, as well 
as charts of districts, baaed upon these, on a scale of 
I to lOO.OOO. A general map of inland in .» sboets, 
uased on a network of pomts fixed astronomically, was 
Issued by tbe government in IHftl -72. Only two cxteu- 

during Ibe ninei.*.n'th .^ntiii*,'; vi*.. that of the Uueso- 
Hcandiuuwan nvendiari, extending from the mouth of the 
Uanulie lo Ui>. Arctic Ocean, executed from IHIti u, Iflij. 
whieb eroef -J Finland, and the lvalue triangulatioii made 
from 1WS lo IMS by the Kussiun autlwirilies. .iiidtr the 
diruction of (o-neral s.iiiibv.rt. 

The gi-ueraJ ohsrt puldisrHst ih tli..- alias oo n btsde of 
I to ?,OHO,000 was drawn up by th" »Kt».t> iwlf, with 
the use uf all available material, and is based upon about 

MSI oci-uratcly ileUTinioeil tswilioti". 'lTle *anie chart, 
with or without reduction, i. l.-.l in. ll blue- mail for the 
other eliun. of t.V Htla*. 

t il.-Vrt I vIloWS tile IX.liti. lll «ul«li> iKi.MjN Slid Mi. li;.- 

ilpjtrrapliv . lint not the relit^. Cliaxt II iv h^ iwoineui* . 
From flu* chart it i» evident that no part of Finland is 
truly iDollllVoilKius except tbe extreme northwest owner, 



which ]>Aij.«U deep into tho Scandinavnan ponmsula. to 
which geagrapliicftlly it belong*. In fact, the culminating 
point of FlnJaud HalditaeboVko, which attains only 4,440 
f.* t. lies on the frontier- Aside from this unall noxth- 
we*teira rogiou-, Finland is a i en' hilly hut not a Moun- 
tainous country. Seen from a balloon It would appear 
remarkably flat, but it really comprise* innumerable small 
irregularities- Over the greater part of its surface the 
altitude varies between 300 and 1.300 feel above sca- 
le vd. 

Throughout Finland there is an extraordinary atmp- 
dance of water. Including the Finnish portion of Istke 
1 jidoga. 1 1 .73 per cent of tlie entire surf ace of the country 
is made up of lakes and sireajnl. In tbe south, especially, 
the lakes are innumerable, while bogs and marsbes are 
found everywhere. Southern Finland, which presenle the 
must cbarac.toristic landampcs of the ooontry, ha* l**m 
called "the land of a thousand uvkes" — but 'leas of 

12 of the all**, showing this lacustrine pUteau. presents 
a truly fantastie appearanoti. This chart alone inclndox 
O.imi lakes; while a chart of all inland, on a scale of 
I to 400,000, includes oo lea* than 36,400. Tho surf*** 
of the oountry may be compared to a sponge full of water 
winch has been stretched out from southeast to north- 
west, as nearly all the water -courses and the majority 
uf the lakes trend in UuU direction. 

The shores of these lakes are extremely cut up with 
hays and inlets, and their bottoms are extremely uneven, 
and rarely of much depth. Chain* of lake* are very 
<*immon. Tbe streams whiofa drain the rations lake 
l>asins are interspersed with rapids, generally of moderate 
gradient. Chart 14 show* the location «' these rapids, 
and the water-power which each is capable of furnishing 

*t low stage. 

Tlie peculiar hydrography of Finland is explained hy 
its geological history. The alias treats tbe geology of 
the country historically. Clvarl 3 shows the prequater- 
nary rocks, and Cltart 4 the quaternary deposits; while 
several additional chart*, on a Knxaller scale, deal with 
the history of the whole Fentio-Sc&ndinavian region, 
she* ing the progress aod effect* of quaternary glaeiation, 
and tlie fracture line* due to violent earthquakes fat the 
tertiary period. 

Tli. soil of Finland cotudsts chiefly of hard crystalline 
rocks— granite*, gneiss and K-histos- -formed at a very 
early period- A ooarse red granite known as rapakiti is 
characteristic of the oountry- The commonest aodiznent- 
ary rocks of this region are pre-Cambrian. These earlier 
formations show marked folding, the fold* running from 
southeast t.. northwest, and this direetioo was subse- 
quently fnlhiaed by Uie glaciers, llenee the curious 
appearance of the lacustrine plateau, which looks as if 
an immense harrow had been drawn across it. Before 
the glacial period, however, tbe country had been fissured 
in all direction* by violent upheavals and subsidences. 
The wonderful modern netwvirk of lakes ia, therefore, due 
lo the same coniliuation of causes which produced the 
similar laeu.itnne landscapes of S«ed.ii, Russian Karelisv 
anil Ciniaila. 

The mm.- proenu whieb iieislue.*! the Fiunii.h lakes 
gnve ri*<. to ;l„ retuarkable Aland and Abo arehi|»lago, 
biug oil the *outhK<*t exlei mlt) of the country. This 
consists of numerous large Islands and a myriad of mlet.. 
rocks and shoals, sjir.«d like grains of dust over the ehart 
(No. 10). It is aptly described by 1"rof S^lwholm aa » • 
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.nl.ii.nrv.il tand.en.pn of lakes, i. c. the nn» landscape 
tint prevail* over southern Finland • >li nili-ii mil into 
the sea. 

All nnjiorlant series *if elinrls deals with the hy.lnsr- 
raphv of tlw udiarcnt seas, vi/.., the tlulf of Bothnia and 
1hc Unit of Finland, .|in*ii« the limit* of ire. tcmpcra- 
liitt-N ul various depths and »1 various seasons; maximum 
and minimum Icm|>era1ure at tlir liollnin, tulmlty, oxy- 
gen content, surface currents, tides, >^.l«.r and Inns- 
par™.-.-. There arc aN" hath, metric charts of th.' (iulf 
..f Finland and Lake laxdoga. showing l.otli th.se h,«ll.s 
<if water to Isn relatively -hallow. 

Four plates ii* the atlas I*-H»i onwl of mete- 

orological charts. The aecomr'Stiyiiu: toU, l.y Or. U. V. 
Johannson. of thr Central Mr1.*jrolorv'ii l . Institute, 110 
eludes it hncf history of iii.-vi.ruloeseal oliworvulinns in 

Finland, dating hark to the ."vein.itiil »(•!'>. The 

chart* include, in addition i<i cs.tliorun. isobar.. Uohyets, 
wm.l-i.«e«, uiwl other data of usual tinracl.r. a -hart 
showing the avera**.. dale of first snowfall. . harts of thr 
di'Ptlt of ^fl»*H'»vfT in each winter month; and a .iiart 
of Ihe depth of »now on Marx-li 2'itii, ]s«l>, after a ixirioil 
of excessive sno »fa!l There is also a chart allowing the 
average date on whirl, thr Un breaks up in Ho. spring: 
while four chart* rvUt. to thunderstorm*. Owing I" thr 
prevalence of ae*t and southwest winds— i. e„ moi'l. 
niihl winds from the Atlantic aud to its moderate ul1i- 
tuiU.-, Finland htm nol a rigoroun climate. CloiKliocm » 
cx.susive. but the rninfitll cominrativcly light. 

Scleral olarl» dealing with thn flora and fauna con- 
.-l.t.le the part of tlieathi* devoted to physiral geography. 
Finland li well covered with fort*l«, Imt tho true forwit 
nwuiri u thr northtm half, "Itlch lxilons« to thr wixi'lr.1 
ji.iwi tliat u)ianv=trriii.'» llw aliol* of niirtlicrn Kti«»i». 
T\u< »tato forusU lihown by a -rjiaratr ehart: are aliu<».l 
.ill iu till* istine. Thti KTfatrr p*rt of th« wiuntry ln- 
■iltliin thr irriat nortlimi Iwlt "f omviftir«; hut (■jwartl 
llw north thia u surocttlrd l>y It lone of hirnh, wlltlr in 
• Ktrrmr aouth t'inlanil laloM thr n*t lv«rion i>f crtilral 
KiirojH.. 

In lh>. trrnlni.llt of tho Hum, tliu >fiuntry 1.1 -1 
mt» :il r«.t«i>«l province. Thr liilltihrr of vturular 
<lf.iL-.., ttiiti«rn<nia ..r tiatutalliwl. i« -howr. for nvli 
pniviit'i', ill" total lirirm aliout '.'.IS! Anvonn tlirw ar<' 
21 !<p«s-i<»' *tf Irv.'s*. Thr limiU of ciultvat.il plauti of 
vllru.u^ -i 1 ""'"- aw ihown <m tau rliarl*; onr <h vot.il 

to thr n^t-Hl-: til- otttiT to |tolatoi». Ouhl«tr. clove,, 
t> xlih*. < lr 

In th« linlii;. 11. fauna of Fitiliotfl tlirrr are mot- 

i.i/.il iil «|H.-ii» of ll.hi<. "1 halnwhiaif, «' nptilw. £K 
' l.inU. ntxl "rl rii»nimal«. Thr liniiK of r.*uui ipoctiw 
arc KlMtali hy .-harts. It u not.il that a Jiart of tl«f fauna 
in thrralMirj witli utitwtt.in by thr advuiirti of liutnait 
.. ltlrni.nl. Tin. o. .»p.»'ial]>- hr.ue'11 "«t "'}• rliart- 
.liowitu; the IlituU within whif It litaP. w.n, ehol dunnt; 
Kti»-it.»in |>rrioii» of yram, aDd thr rilativr tlilinlir 
of h lun «)i'it in norm and in forrjiK tinw*- 

tlih.r r)iarl» anil thrir iioimi|«nyilic Irvt give d.- 
t iil.il information regardiraT IWi.n au.l n.lnTUr.. iif Ixrtb 
thr o-a. antl th*' illlati.l wat.T-. r l'hr Kalltr, on a.-itiM]iit 



of it? low nlinity, i* not rirh in !rur tnarinr rislw.. S,-iM 
wntrrand frr*h watrr ^jw^irfi arr rurioii*ly minrttif. TIm- 
mo.t abundant au.l .*^jpomi"ally iini>o^tan1 itiartu.' 
apivi<i i> tie KtUtir Ifrrinir ',cl Thr lin-l tulutit.' 
of tilt roui'liidry aitli a ni>tt'i' of thr tnarinr plankloti. 
by 1W l^vaml.r. 

11. 11 f man oi.otin il'tiv. 

Thr studira of human ir.iitrntphy riul«idi.<l in th.' atlui 
an- fully ai important. tt> Hmhw rrlatinit to phyiiml gt-w 
rnphy. nn.l am thr fruit of a truly eoonnoon uinouut of 
Kf.vri.liral ninlmal. 

Tnlxttt-iirthy .leuiographir data date lw>k to 17"a*. at 
which |jrrioil Ktatiitira of population btiran to hr i'oll.i'trd 
on a uniform plan by thr elenry. under the auitpire* of thr 
Arndeiuy of ae:.rrt.i:«- The atliut inrlud« Rraphs »liowine 
thr pnnt7r«*r( ijf »urli data doa n to 1907, aa wril aa nuiurr- 
oua chart. pr.'M.-ntinaT condition* at lite prraenl tiair. or 
for oth.T K|ai^Dt?d ]trriodr. Tlic jrrowth of population 
durinft 1 f>7 yran hai bt«n fairly uniform, oxrept that eer- 
tnin drtitiito ralaiuitiee. — wara, f|wdeniir% and famines- - 
have left their trarcd .•omtpieuously in the curt ea. DurioK 
Uir period in nuration tlw. popuUtion increwed from 
m.frS to .1.0I2.'4«>. Tho cltarl «huwui|t the prwrnl 
drruity of jKjpulation in eaeb pariah brtiuri out the strik* 
ing eonlnu-t hctween the wotl-populated coaat rcqiona antl 
thr very n|*rii'ly inhabitnl retrioDJ of the north. An oven 
more striking chart (No. 2ft; abows bow the pojtulaticn 
t^-nda to elusUr alnng the TratrTMiiMiraes, around th.r lakes, 
and on tho ialanda of the Aho ArrbipelaKo. 

Onr of the moat inatrucrjTO eborta. with ita aeeom|ian,v- 
iltf text, pmirnts atatutics of emigration fmoat of wltirb 
ia to the Vnited Statmj. The menn annual number of 
rmijrfanu tkt 10,(11X1 inhabitant*, during tlte period IS£«- 
KK>7, ia shown for earl, parish in the aouthern half of the 
rountry, and i» »*n to have b.i.n far greatest from the 
(Vterbotten eonst region; eapeeially Irom the gov.rn- 
nienu of f'lriilwtrg and Vaaa. Tbe total annual emigra- 
tion during thr above period ha» viiri.il from IfMKK) to 
2tl,tHXt. ftnlutppily for th.; rountry, thnie quarters of tbe 
t'tuierantH are drawn from the agricultural imputation. 
Prior to ISsO. I'tnigmtion wax very small. 

A* t*i the rarrs in Finland, the Finns .imstitute H7 
rent of thr ]>opiiliiti.tn. and the Swulrs Iwtrcly l.'l per rent. 
TIh> lattor are found ehirtly in Aland und tlte adjar-..|il 
ar.lii|i'lago. and in certain other littoral regions. In 
mm, Ui<- languagx- ttpokrn hy 2JliU.WKl |>eraiios was Fin- 
nirh; while .Hfl.7.13 spoki> Swedish. .i.tiW Uusaiin, and 
1,1/2.5 tirrman. Far in the north is a small tiopulation 
irf lApp* ll.'l. T » ill IOIOl tlypst.^ are intimated to 
nunilter I.Vil. It ix interesting to note the rneroaeh- 
rue-liU i;f the Finnish populntidn upon regions fi>rmerly 
01-1llo.1t l»y Swislra. as shown hy the survival of Siredish 
plare-nnmct fur in thi' interior, where the inhabitant* an* 
now all r\uiis. 

Tli<.' *ahitnry eolxlition of the |mii;iIc is slsun-n in eon- 
lidrrabl.' detail, with charts representing thr distribution 
uf nprritl.xl dt-iases an.1 tlcfocts. I'ulmonarj consump- 
tion ruiiirs gnat nnatr.1 in Finland. mon> rspii'ially 
along the wr.Uirn e»iast. 



Tbe oeonomie life of the roiintrt i< .liown in a 1. 01^ 
s.'ries of striking and inalni.'llve rlmrti, to n lii.-h .-orr.- 
sjxmd tbe KTuatcr part of the mrm.iirs in ll,. •< -><iid 
volume of text. Thoae are so vatiottx that it is difv ..h 
t.i summarize them in a brief review. Two scries of .-Imr' - 
under tills bead deal with agriculture and miiHiifartnr. v, 
reapoetivuly. A number of ingeniously .Mtnstru.'tr.l trroj .1: - 
present a wealth of infixrmatiim concerning th. fon ieii 
.imimerre of the country, and its fluctuations, t'.reai. 
and iroven fabrics ore the eommoncat ohj.i-ts of iinooi- 
lation, while by far the moat important export* ar.. tl„ 
products of the forests. The cjrport trade in hurl, r rvtii« 
sreund. Chart No. 10 shows tlte measure* tltat hav. U* 11 
taken to facilitate navigation in tbe difficult water, of 
the (lulfa of Bothnia and Finland, with their inhituirrahlv 
islands and intricate channels. This chart indi.-at« * ihr 
liMxatimui. kindi, and rangt*s uf all the light hou"-. >.n tli. » 
■bores, whetbttr Finnish. Swedish, or liussimi. ai well 11^ 
tbe ligbta on tbe targe lak.ts; also the exttvit i>f th.' hvdro- 
graphic lurveys that have lieen carried out by tli»' Fiuni.h 
and tbe Itusaian authimti.it. 

The utland cunununications .if the country. h\ laud ati.l 
water, are ahown in groat detail. Finland i« r...l only well 
supplied with roads (and in tbe south with rail way a), but 
it ahto possesses a system of wntsv continuniratii.lia with, 
out rival in Europe. It baa 4,0011 mile* of tehgraph linn, 
and >VMuf) of telephone.. 

The economic portion of the atlas. ronrliiHri with r harts 
relating to aniingi hanks, tbn oo-o]»rati v.. tnoo iiiriii. 
and insurance. Then come chart* tk«liiig with iMditical 
goography and one ahnwinf the distribiitiob of sehonis 
and Uie school atteaidanee. Front thro© modern themes 
the atlas suddenly reTerta to preUiiloric tinu*., with ionic 
admirable chart* devot.il to arehjooloiry, It is iiitervstirur 
to note that the remains of th* stone n«i> mdi. ate a di<- 
tril.ution .if population in that pviriod rorrtr.p..ii.liiii' 
rather closely to that of t.vday. 

Ijist of all com., charts, on a acid* of 1 to ;tn,ix>), -.f Hi. 
XS principal towns of Finland. There range in |i<pulitii .ii 
from ll.Jwngfors, with |;<7,J4tt inlialiltaiil.. to Nii.l.-ii.ljtl, 
with BOS. In the t«t volume, the history of th™. town. 
it given in detail 

Though only » hasty skrt. h, the foregoing tvvt. w wiil 
la'rhaps suffice to give an idee, of the extent and vnriri v 
of th" material emlin.nl in the Atlas of Finland en. I 

tin two volume* of text that a. ititmn v it. The Sia-t.-t > 

ia" f l.sigmphy of Finland lot- furnlsh.Hl a sinkiiu; r.xamplr 
of what should I* iill.lcrKtood m .umpri.iiis tlu. int. 
graphical study of a country, From environing plij>i.-iil 
conditi.ins sprinc. noeetMiirily, Ih.- drt rlopmnit and . Itur- 
actrrisiics <»f a pen|i|. : thrr.- i* no ph.v.i -b! i,i.reritj.iiv 
withoutahilukangingr.il hy, tor. an on.' I.r stndi.il wilh- 
otit the other- They are in rely two tx.ini* of view. 
ihterrrlalod aa to 1*. io^e|sarable. 

Th.. gongrnplti.'al work undertakeii hy thr Finnish 
society in aceordanee with I his 1'lro hn. I»sn so |nrf..-iU 
cnrrlee] out-, and repetveuts such an nmoiiut isf .Tiehrtun 
and patient r<«e«r.-'h. that It uny well li; Iwld up as » 
model for all work, -a* the aatoe el,ara. t.T that „,„> l« 



Sutwtitulej. for Automobile (iiitoliae* 
By Gall Mrrarma 

l.i ai.v.l the Usl Tew years the drielopnirjit of the 
i.tit..„ieMlr nirl ll.r srrully llarrn-ol 'I-.' of icasollne I'l 
.lw-iiilral cvlnirtirti work, .onihiii.il nitb the ptirttnl 
exliatisti.m of Uie irn.lr |s.tr<il.uiui rich it. (iiw.lUii. 

luih loot.- llu.11 .l.whl.-d the .'..►t of value of this prisluet. 

lMlrlllg the l«st y.iir or two tli.i.. bus hern a great 
'li-iiiaud for ~.lw .ix iila r stil>.tilllle for its*, lit the auto- 
mobile engine. Thr pillill.-atloii In the dally pu|»n of 

oircrs of prlisc. f. r 11 -ololt.^i of ttie prohl ha- spurred 

olj llllellti.ri to vx.rk out It.llllV tllger.lolli |» K »ll.lr msii. 
Holt*. 

I»'iiatnr«l 1.I.0I1..I run Iw U-.-I isaaHly. It l< eh-an, 
not s.i diiiig.-r«iti a" tots.. line. ui>il will »;lv< three fouttlia 
111 lunch lllilrliri. 111 ^as.Olli.. |a-r gallon lalill some- 
tint.- Lrtterl; hilt it .:.-<>• lllll-ll more thllll lillsollne, 
11 11.] H I1.1r.lly seen.* proliul.le (hat tl». price will .It- 
.es» grenlly la the future 

Kertwue lets tei'li us*il lllrl N la-iog u*»il mine 
and wore iu henty trucking. In order to use It In 
onltroiry mnlor II l» »tniply tmi'^iry to lent tlir 
■ ^rlMlrrter t.y melius of tile i vlotust gases i hr motor 
must I-- -1-rlcl with u'ai.l^llle .0 ol.v.hol. Tliere l-i 1.0 
.lim.-ully ill till". ..1 It Is <•««> 1" llttu.-ll II small sup 
l^eiuentiiry tank. 

Tt.r ttrral driiwl.n.'k lo thr use of kcro-eJle li Ita 
lir.slu. II.jIi of |s .lynierts.il |.r.slu. l .1 In til.- . ylindrr illi.l 
tl». fonniitloo of rrkr lllrl hi li.[.l. '-slot tr.*n tbe«- pr.il 
lets. Tlih |i.l,vnii ilmllon rrioiioo litk.u i.Iiim' ni^nir 
..litis kiI) lo Mr Ni.«. r glol.tl-.i-. of tie.' l.rr.«.ri,r which 
ruler .Iu. e,li.-U.e He .ailalde Luver of .41 l» pur 
il„)l, oxidized. Willi 1 he formation of ItUh holllng 
Is.lyniris, Th.-.- tli- 'elriis.- on the relatively emit 

•^e,r*sl « tie. lirilsty ^1 '•a.-i.H si I1.ju-.tr7 



-l.l.-s of thr cylinder. Fttrtlirr rxplnsUina In the cylin- 

ii. -i- ..vldlw :.M| burn olT more of Hw? hyxlmgen atoms 
i.uill the material l*cuiue* nearly pure enrls.n. 

Alcohol. Iujsv-t.il Into the .yllnden.. while UlU hot, 
at the end of the iluy's work, will . Jean out Use greater 
piuportl'.u of tlM-r trout.l.-M.ine pr.siu.U. This Li too 
11111.I1 troiil.!e r..t tho oixlliinry nutomoidie owiis r 

T>> .4.1 lat.- the dliln.-.ilti. * itl^.vr no.- nt loinvl, namely, 
lite preueiilii.g of the i-urbureter auxl th* production of 
coke and laniphlurk, 11 great many luixtiircK have been 
|.r.,f ns.e.1. 

All kln.f. of- low Lolling 1..I111 <inistlliM-uts ha.e hern 
aikl.il. «. (hat the nK-hiirerer lie, I l„4 he ptchrtti-d, 

ami all klirli of ..tiuoii .i,otaliil.ig miiterluls liave beeii 
udd.-d to prevent the dehydroireltatlott and polymerisa- 
tion of tbe lll.ilmdc. 

.Mitny mixture of kerosene with acetone, other 
ketone*, nlcidiol. castiig-head gasoline, methyl, and ethyl 
ether, etc. hate l»i'ii pro|>o».il and tr(*.l Many of 
tlui.e mixtures work very welt, but the average owner 
want, a fuel that cm ue purchiiscd at any |«uit on 
Ills travel*. 

The Noiitlic) rmhiirelcr' or rutlier "gasHVer" aeeius 

to work very -atlHla.-turlly. Ill this llUHiratie* tbe 
k.-r.-rue I. ipraytil lute li rtiaiulwr. where the spray 
■-0111CS Into iinitm-t with ti small amount of air. A 
imrtt.il ...ml.usthKi takes ptii..-., Just iinnuth air tn ltig 
nilliilliril to .-.iu~' siiltleleiil ..iinhiisrloii to furnish the 
lo ut ticccK-iirj lo '^ailfy tile oil. Till* cvllll.UHtiufl Is 
^hirtisl hy u Mpnrk. I..H iiflcf ;i lillllllle or two tile spark 
mi, iv N ..-nt o^T 'Hie .'hiiinl, rr Is ..1 urrungiil that tbe 

iii. r glnbnles ..r oil trim, the spray drop I., rhe ts.tlmu 
I mo rrtorn.il to the main tank 

Hi- «|i|sar»tits works very aril In pravtlee. It gives 
practically no Itvjul.'c from coklug or tbe formation of 

'i«..«il..y, Hag. aT.ttlJ, Deesaitssr ath, IIII1. 



*vll«uelllug |.roduola of partial combust lou. Ker.xsett.. 
of very much the some composition can \„. h,.ugbl all 
over the world, 'llila ss^ma to i*olVe thr ITuhtem. 

Many methoils' for tbe utatiilfacture of guxilue from 
heavy oils haw been proiaeed and <|uitc 11 niimla-r |xit 
rlited. Thr ItrtDcl|ile 011 whhh moat of th<»e work Is 
the distillation of Uie hrary oil under |,rr»iiire. Tl«- 
fin.t hit of tbese gnsoltno. to reiKii tbe New York 
market a year or no ago, were straw-colored. 111 startling 
oils- TJiey had been dbdllled carelessly and coutalnul 
eonalderable proporliotia of very heavy oils, hill iliiiinu 
tbe last few manths the .imillty hn- lweti ioikIi Im- 
proved. These gasolines made hy high iire-sur.' .Hull 
latlon are now being matiiifa.liinil ou a very larg. 
*cale In tbl* country, hnt tbe price la maintained very 
clcae lo that of the natural iietroleitm product. 

Pepaomiat Oil in the Ukraine 

Tlir. I kralne Is an aliuout lilikiiowu |«irl of Ihe world, 
hut iievcrtbiOes. a vasl, very fertile, msii Isan.Iful 
cnii.it> : It tui^lsts nf tlMt inrtl.^i of S.mllierii ltiissla 
known as "Utile tlunla." Iiaretbrr wlili Kiithri.l.s, 
which eiul.nices lb.- Austrhiii provli>c.-s of i;nli.-hi uud 
llukovlna. A sauiple of lite |4^>|x-ni.ili. oil ^rown In 
rhli l.i'altty Ins tnvu cxiilnlu..l att.1 found to lime the 
follintiug characteris: S|»s'lric graiil... Ot«JI: isjitlcnl 
rotllthm, -30 degrees' tolnl melilbol. Kin |.-r rent ; 
esters. 11. imuithyl acetate. It |a-r cent It 11 s,.tul.le 1 1,1 
.'! volumes: of 70 tier .i-nt alcohol, ts.-oiotng sllwlill.t 
i^wliSHS'lit with Ui volun.es. Tli.- rich l.la.-l, m.II of ibe 
region Uiwl tlu- l.lllltlflll 1 llliinl.. r.rr E11.-I f;i vom |.|.' t , 
Ihe cultlvult..!. of o— .1. 1 III .Jl l-srh.i plant-.. \ tohiiix-. 
grown Iherc -'suitably rtiiiot.il with peppc-raitm." H 
iinlverKSll.v smoked and euj10.1l ti? the mittv.'s 

1 Pot cxaniple. Itarti.t.. V 1. 1 K ..I 1 ..un.tt.'.r. Jhsj.ty *., 
1U1^; lK»er, nog l"»t a,3aM, Jsnuary liath, 11112. 
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Fig. I. — Oil rvl»)» far opening ahead and utrm noulr valve*. 



Kig. i. — Hridf, control Mind. 



The Westinghouse System of Bridge Control" 

Apparatus tor Controlling a Turbine-Driven Ship from the Bridge 



mm. of tin* on*! Interesting features of the marine 
turbine drive dtfcNlptd by the WcMllnghoUHc Marhlnv 
r.imnui), ivhh-h in v.. I \ Ma the u»e of high *l«*od turbine* 
with a ItiHiIllMf frame reduction star interposed between 
Ibe turbine nail ilte propeller shufC Is tbt? method by 
which the turbine* run be controlled by the navigator 
on I be bridge 11* well ah by tbe engineer from the 
«1urthug ;■ '■■■■! .11 

After scleral months' service on the I'nlted State* 
collier "Nepiun**.'' whffc IhlH W(l , flrM installed 

Ihe method of bridge control was ftMiml In be thor- 
oughly reliable and of distinct advantage In Ibe opera- 
tion und maneuvering of a skip In un a|tc» Miiviy and 
in going alongside a dock. Indicators allow the navl- 
gutor on tin* bridge ju*t wbiit the turbine* are set to 
do und Just what (bey art* doing nt every luMant. while 
£ig*w show the air and Htenin pressure* n vullnble, ho 
that the action of the propellers in always directly 
under the cuiitixil of the officer who 1m bundling Ibe 



The medium used for transmitting to the engine room 
lb* movements of the control bundle on the bridge la 
air, while the medium used for the acluul ojteruHoii of 
the relays moving the steam valve In olL 

in.tULs or rux losiuol hyhtku. 

A dlu gramma tic u rruugemeut of tbr opcratlux iKirta 
of the control system. Including the bridge control and 
steam noxxlc vuIvcm. 1* shown It) Fig, It As will be 
■MO. from examining (be left-bund part of the Illustra- 
tion, (be bridge control lever W in movable In two t|uad 
ranla A' and f", with an offset it' parallel to the axis 
of movement. 

When the control lever h' I* at H' L.lb the ahead and 
astern iioxxhn are closed, The operating handle V 
1 1 vu- a shaft carrying a inm 9F, which baa pressed 
against It the point of a aniull ntrvt Tbo ralro >" 
K hollow and closed at both etui*, and ha* two seta of 
l» f<. O' and II', the former always being In cotnmuiil- 
inMiai wifb tl»» jwiiirr*" of btirb pivHMtire air «nipply (for 
hl-hiit tij n sttitnUrd \Vt^rini;lnKiw air brake fMmpmm 
nr i, iiimI the klfaf biiTltitf lt»» edin* to the exln inr l« fr. 
Ju»f line lb line wl'li rhe t-orts /' In the piston L'. The 
>*nd of (be jMuiiffr valve t" I* line In Hue with rhi> lt*fi- 
hnnd eiljec of the i • i /'. A nuialt -i-j.i.j A' within the 
pl«ton /.' In prmidiYl to nuilntuln h p>i<«ltlvv contact be 
I ween tbr i*tlnt <<f ibf ptuiiLvr t" nod the i-.tm I.", thus 
ttxtnt* tbi- |M«*tti>.ii of ihi> ptiiiicer /■'* by its |«olnt of con- 
met with tlx- cam K. The muvi*meiit ..f tlw |MM tf 
ti» tlie left I- ragiaM bj Ibe updiiK V. The »|wee J\ 
to the rlttht *•( Ihf phlM //, eommunloitetf with a|«cr 
V' between two dlaphniiriiH tt ' ft*, and the *pace to the 
left of the phnoi V HHMMftnHtt wltli Hie atm<Ki>bi>rt*. 
A rommiinlrntV.it. to ih«- |HMWI wlihln the platnn // to 
iitiwHphen> U proilded by the porU W. 

The dlaidiragma if* R* wntrol two vnUim. 7* mid f ". 
tb<« ft>rtnfr in-iitmlllni: un ««jN'tilnc (•• aiiint<qito*re und 
• I mm tnfern.i n ir 1 . m ■ , Mcerwy. 



ihe bitter an o|H>titn^ to the *oum* of hiph prrwiure air 
"«ppl> Tlie t*|Micea 8' i? are contM»eIed by a |Nta«aKe. ao 
that the preaaure lu them is alwajfH tflll The apace W 
(\>iumuulcate« either with the ahead or the aateni »per- 
atlnK relay lu the engine room. 

The function of the bridge control valve jtaat da* 
wrltM'd U Hliupty to maintain n predetermined constant 
preaaure In the air relay cylinder, and thin la aeeoro 

lOUbed it- follow*, i\\'h tli' n| ;mi.ir ,|. J n-r ilt-^-i llM-d 

effBgnajt. 

When the lever /'' \* moved from II* central l>o»lt]on 
It' lu the abend <|ondrant A' the earn f? pushen the 
valve A" to the left, thereby bringing the jwrt IV Into 
communlcatUiii with the port /' In the platon L'. Thla 
iidudts hlgfa-i>rva«ure air Into tbe cnflca if*, and eonao- 
ooetutljr g*. As the preaaure In tbe apace J' Inerenaea. 
It will onickly force tbe platoii V to the left, until the 
right-hand edge of the port V cuts off communication 
w-Ub the port H', or «honld there be leakage, It will 
take tt poaJUoii Mich that the opening through the porta 
H' and f would he )us< large enough to naaa auflkient 
air to mnke up for the leakage and maintain a cooataut 
preurore lu tbe apace J'. 

Since, nonnally, the Mpaeea 8* &' ure at atmoapherlc 
preaaure. when tbe preaanre between them In tbe space 
V' la increased, the diaphragms are forcod outward, 
closing tbe valve T and opening tbe valve V, thus ad- 
mitting high preaaure air Into tbe apacea ST fi* until the 
preaanre In tbe latter in equalized with the preuaure In 
the apace (y*. thus bringing the diaphragms back to 
tbelr normal poaltion, penult I In* the valve V to aaat 
and thus cut off the supply of hlgh preasnre air. The 
pressure exlstlug In the spuce 8' la transmitted to the 
apace to the !eft of the air relay cylinder In the 
engine room 

Aa In the vnav with tlie plafon V awl the porta f and 
H\ should there he leakage tn the piping system con- 
mnnieatiiig with the space lite diaphragms IV R" will 
be dlatended stlirhtly, thus holding the valve V open 
AuAlctently to make up the leakage and mahitaln con- 
Mant preaaure. CbOMraely, It Is evident that If the 
prvsaure lu lite nimicc Hhoiild Ira'rease above that pre 
ilelcrnalned tog u rtveii |Hmltlou of the platon r v , tbe 
iiistoo will mote to the left, and open communication 
between the s|Mtee J' and Ibe inside of the piston /,', 
tliua exhaimiliig air from the spuce J' to atmosphere 
Ihrouirb the i"i I If. ThU cniMtltton also arlnra when 
eiwrutliic lever ti tnoieil roward the off or central 
position, which permit* Ibe nwivenieut of the valve V to 
the rtjrbt. In tbe latter ease the pressure In the * juice 
V' will be decreased and become leas than tbe pressure 
In Ihe wp*e* X' tr, eanslng the diaphragms ff IV to col- 
i;i i aisl ofMMi the valve T* to urmosphere until the 
pressure In Ibe t*|uie* 8" Sf la decreased to that In the 
*t»seo- Q\ 

When tbe tHMitrol lever IV Is to be moved to tbo 
asgern poaltion, It Is necessary to move It In tbe dlree- 



llou of Its axis of rotalhm in llw slot It'. YVbcu this Is 
done an arm U" held betwwu two CAlttn ON tlie cam 
shaft, moves tbe small slide valve X' to tlie right, and 
htiugx the pipe /' to tbe astern air relay cylinder Into 
ciHDimunleatlon with space V. and tbe Hp* 7." Into 
con i n inn lent Ion with the atmospheric exhaust. 

From tin- alstve It will he seen tbnt it is linpo*dble 
for tlie operator to become confuaed and accidentally 
move tbe rout rut lever In the wrong direction, or try to 
put It In both tbe ahead and astern laadtlon at Ihe same 
time-, as It Is necessary to move 11m* controlling lever 
sidewaya before It cau be moved from one potdtlon to 
the other. 

TtIK OOVKBXoa. 

Tbe goreruur. which control* the PJMd i>f rotation «f 
tike turbine slmft. Is shown on the right of the diagram 
matte sketch, I'ic. a. Aa will be seen. It la of the com- 
mon Hy-balt type, nixl U driven through the turbine 
shaft by a worm V and wheel t>. The oidy movable 
part of the governor la tbe hollow spindle tt, having the 
porta .V and // In It. The movement of tbe aplndle H la 
restricted by u dlapbragu A", to which It la attached. 
The upper aide of the diaphragm Is often to utmosphere, 
and tbe apace below tt la tilled with olL 

High pressure oil nt about «T» pounds gage per square 
Inch U admitted to the revolving spindle H through the 
porta A. 

When tbe governor spindle Is revolved by tbe turbine 
shaft the balls 1M/ are thrown outward by centrifugal 
force, thus pulling the aplmlte B downward against tbe 
resistance of the dlaphracni K, npeiilnir coram unlcntl cm 
through the port H In tbe aplndle. and f In the upper 
spindle huablng, to the apace <7, the latter coaamunlcat- 
lug through a port /. to a pit* counseled to the apace V 
of the air cylinder relay. 

At the pressure In tba apnea O. below the diaphrni*in 
A*. Increases, It resists tbe downward thrust of the spin- 
dle ft, due to the centrifugal action on the governor 
weights until tlie upward preaaure on the diaphragm 
exactly balances the downward thrust of Ihe spindle 
thus permitting the upward movement of the spindle H 
by the elasticity of the dlapnrajcm A' unfit the commu- 
nication through the porta // and / la cut otT. Thus It 
la evident that for any given number of revolutions of 
the governor spindle there must be a couatant fixed 
pressure of niulllbrium In Ihe space O below tbe din 
pbragm. Should the jtrcsxitre In the since O exceed 
that corresponding to thai speed of rotation of tbe gov- 
ernor at any Instant, tbe spindle H will be forced up- 
ward, thus o]>eulnc communication between the apace O 
and the atmosphere through tbe porta .V lu the governor 
aplndle body. 

■I- an tra. 

In the center part of the illngrumnkatlc sketch I- 
■diown tbe air relay cylinder, relay valve and operating 
cylinder, which control the opening and dosing of tbe 
norxlea of tbe turbine according to the speed of rota- 
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tlon desired. ltcf*rrlng in this part of the Illustration, 
and KM rt Ins with tbe turbine at reel. Uie piston r. 
wtik'h ufteus aiMl closes the noxxle nlvei is at the 
furthest end of Its travel to the right, and all the tur 



trol vnlvn la admitted to tbn spec. />, to the left of th* 
nlr operating cylinder, the piston Q will be forced to the 
right against the resistance of a small spring, thus 
carrying the reU} 1 plunger o with IL The movement of 
the latter estaldlahes communication between thp span* 
S, supplied with high pressure oil, and the space JT, to 
tbo right of the piston V ; and the space W, to the left 
of the piston Y, ts brought Into communication with the 
apace T, and thereby with the oil return to the reser- 
voir, which Is open to atmosphere. Thus the platon r 
will be forced to the left by the oil pressure and through 
a rack eugaclng with the gear cut In the periphery of 
the nozzle valve, will rotate tbo latter and open the 



bine Aa there la nothing to resist the motion of the 
platon V, hoaxles In eicea* of thoee necessary to give 
the desired speed are o]sHied instantaneously ami tuna 
the turbine begins to speed up very rapidly. Now, how- 
ever, aa the tnrblne gains apeed and the governor re- 
volve*, the governor spindle K la forced down and hlgh- 



trol )e>era, which simplifies the inporaUau and peraulla 
controlling both turbines 
operating valvea should 
rarlly dlanrranged. 
lu addition to the standard acrew-down valvea on the 



the right hand aide of the plunger, thus 3(10 
steam preaaure would be Indicated on the 
pounds of air preaaure. The oil pre 
tnltted to the bridge In the same way 



by H) 




lever a, aa shown Id the 
Tile lever Is pivoted on 



with n 
iwisle valve 
desirable. 

Thla la accomplished by the 
diagrammatic sketch. Fig, .1 
the shaft /. oud has a lever « 
on the valve-operating pbrton rod t The latter lever Is 
titled with a lnlch so that It can be (illicitly connected 
or disconnected when not in use. 

As previously pointed out, there amy he a number of 
operating station* from which the turbine* cnu be con- 
trolled when thl* la desirable, aa. for Instance, there 
he considerable advantage lu the case of battle 
111 having the turbines controlled from the central 
as from the bridge and starting plat- 
form. 

OAors aso isntcATna*, 
In order that the officer on the bridge or navigator 
can see that the tnrblne* are operating aa desired, and 

lsui< 





Fig. S.— laiagrai 

control and 



arrangemesl of I 

oiile valves. 



Fig. 



I. — Kelay valve controlling < 
pressed air in dilating coils. 



, the passim- L to the suae* -V to the right of 
l (J, thus tending to push It to the left ugalnst 
tlie air pressure In the stsice /'. As the piston Q moves 
to the left It carries tbe relay iilutiger O with It, and 
when the oil pressure In the space V balance* tbe nlr 
pressure lu tbe a|«ce /*, or. In other words, the space J' 
In the bridge control valve, the l>4atou 0 will take a 
1 the pinion T will take up a position 
and X are 
: a constant speed of revo- 
lution. 

Should tbe Inrblue tend to exceed the speed fixed by 
the sir pressure lu the stsice I; the platon would 

• X lu 



ration with tbe apace 8, cotiiswted to tha oil exhaust, 
and the space W would be bn-ugbt Into coBimunlcstlan 
with the space K, atrppUed with high-pressure oil. This 
would cause the piston V to move to tbe right until suf- 
ficient moxlc* had been shut otf to reduce the speed, 
until the oil pressure In Ihe space .V was again brought 
into equilibrium wllh the air pressure in the space P. 
••cvt-opt" vai.vk. 
The bridge o|*-rntlng stand which sii|i(Mirts the bridge 
control valves Is shown In Fig. 2. from which It will Is? 
seen tbnt there Is a rotary slide valve on top of the 
stuisl between the port and starboard coutrol valves. 
This latter valve Is not shown In the diagrammatic 
sketch previously described, and Is not shown In detail 
because of the difficulty of showing th* various porta lu 
It. Its function, however, la to permit operating both 
turbines, either ahead or astern, by either the port or 
starboard control valve, or to cut out both tbe star- 
board aDd port control valves. In addlth. 
functlotia which this valve performs on the 

be slmllnr valie on th* control stand In Ihe 
has a position for cutting out the bridge 
stand and other operating stands In other portions of 
the ship. Thus when the control syglecu on the bridge 
hi connected, all control stand* excepting that lu tbe en 
glue room are made Inuctlve, while If t 
engine room 1» being u*rd all other stands ( 
Ihe one on the bridge! are disconnected. This arrange- 
ment avoids Interference, permits rapid chances from 
one station to another, but always leaves the engine 
nsjtu slnnd operative lo ense of an emergency. 

Ordinarily, excel.' when maneuvering, tha 
stand Is always connected up so that bo 

by moving either the port or starboard eon 



dltlon, gnges an- pruvM-sl which show the strain pre* 
sore lu tbe boilers, the sir pressure In til* control 
ByagfJaXi the sir pressure In the iiit.se lines %'/<". as well 
aa the pressure In the oil supply system, aDd tbe pres- 
sure of the oil under the pistons of the 
oil tin- reduction gears. 
Aa It would be frequently lieceasary to have the 
engine room to the 
in exposed places where 11 would be liable to 
been use of the difficulty of allowing for the 
hydrostatic hesd In the pipe between the bridge nud tbe 
engine room In tbe case of liquids, tbe steam and oil 
pressures are Indicated M the bridge by means of com- 
I air and a small relay valve, such us Illustrated 
In lias «• As the steam pressure or oil pressure to be 
Indicated on the bridge may exceed the air pressure 
available, the former are reduced In some ratio, such 
as 2 to 1 or 3 lo 1, as required. 

In Fig. -i the otitic- H U connected lo the *1.sm or oil 
line, uud the prewurc desired Is Indicated on the bridge 
by the air pressure In Ihe pipe connection to P, which 
communicates with the guge on the bridge. The operat- 
ing eh-ment of the relay consists of the plunger 7,-4, 
having // and .< the same diameter, or A a smaller 
diameter than I., for relaying oil or steam pressure*. 

and //. purl O communicating wllh Ihe high pressure 
air supply and iwrt // commuulcating with atmosphere. 
A drain V la also provided, which may either drain to 
the htlge or to the oil reservoir when oil pressure Is 
being relayed. 
Noraiully, when not being used, the small spring 
• LA to Ihe right, 
Is then connected to 
ports K and It. When steam or oil under pressure Is 
admitted at Jf. tbn plunger LA la forced to the left 
ngntnst th* resistance of the spring, and the edge J of 
the plunger LA moves over the port (I and admits high- 
pressure nlr through the purt K to the gage on tbe 
i In the space to the left of the plus 
get- LA Increases, until the pressure time* the area of 
the left-hand portion of the plunger LA equals th* pres- 
sure time* the area on th* right-hand portion of tbe 
plunger LA; thus If tbe diameter of plunger L is 
twice the diameter A, the area of Die large eod of the 
I at the small end. and 
I on the left-hand side of 
one fourth of tlist maintained na 




m» pointed out In describing tbe operation of the 
system, there Is a fixed pressure (for any 
er of revolutions |««r minute of tbe turbine 
shaft) in tbe s|U«« Q' and 8' £', as well aa under the 
diaphragm K In the governor spindle and the apace ,V 
to the right of the air operating cylinder. 



nlr pressure In ill* spue* «' In ] 
conveniently tie graduated to i 
ute, so that tbisH- In eharge on 
Ill-ism exndly tbe number of revolutions which tbe 
propellers nre making. 

Another novel feature of tbe new cuntrol apparatus 
used ou tbe I". S. "Neptune" Is a act of i 
Instrument*. Aa previously mentioned, for any 
turbine apeed there will ls> a definite oil pressure under 
the diaphragm A of the governor, and consequently this 
pressure can !*• used to Indicate the speed of the tur 
hlne and propeller. 

Pressure gages of the recording type may be used, 
abusing the apeed. direction of rotation, and period of 
(jnjeration of each turbine under any given conditions 
These records furnish an accurate log which Is Indis- 
putable In esse of a controversy regarding the apeed or 
manner In which the turbines were operated. These 



Hardness of Metals 

In the Int. Kcvijckriff IfetoUo^rapaie J. H. Audrew* 
i the Hews of Bdwnrds and Greuet ou this 
it that In several respects the Ideas 
Hrtnoll bnrdness tests on unenched and 
slowly «*il«l Co-Al and Cu Sn allays snowed that 
quenching actually softens some of the alloys. This 
proves that Kdwarda'a theory stating that "any alloy 
retained as u homogeneous solution which would other 

much harder." doe* not hold good In nil i 
eraliiin Is then given to the luirtlculur case of Iron- 
cnrlsHi nlloj-s which differ from the Cu Al alloys under 
discussion In that the phase* separating at 71X1 deg 
Cent are a pure metal tferrtlc) and a pore metallic 
compound K-eineiitite L while In the fo-Al alloya Ihe 
|4iase« seiuiratlng at .171) deg. Cent, are two homoge 
ue>.ita solid xolutlotis. i'lirllH-r. one of Uie constituents 
srpnratlug from th* Iron-cartum alloys at the Inverslisi 
|si|m. undergoes nn n11otn.>pic change at the same tetn- 
Is-rature. In the light of lieucdlcks'a theory austenlte 
i of a m>llil solution of carbon or carbide of Iron 
In v Iron, while martenslte Is a solid solution of carbon 
or reioentlte lu a solution of a- and r-lrons. Tbe author 
believes martenslte to tie made up of free cementlte 
einbetlded In a matrix of uildeeom]***ed austenlte and 
s-lruu the latter aecotintlng for the magnetic properties 
of hardened steel, while the bnrdness I* due lo tbe < 
blned effect of th* a 
of Iron and call 

tbe noii-ferroua alloya In any 




New fa** for Infusorial Earth 

I.NrisoxiAi. earth Is lielng minis] more actively In 
Cnllfornla and Nevada, which produced nearly Mi i»r 
cent of the tl^»2 tons outimt last year In the United 
State*. The value. u.*<or<Ung t.. a recent dally cimsular 
and trade report. ar.rag<* I1U5II per ton. Heretofore 
dlatotnnceuus or Infusorial earth has been largely used 
a* an abrasive In the form of polishing powder* and 
scouring soaps, but th* Culled States tjeolngleal Sur 
vey lliuls that of late Its uses have Iswi considerably 
extended, llecause of Its |s>rous nntur». It has been used 
In the manufacture of dynamite as n holder of nitro- 
glycerine, but so far as known nut In the United state*. 
Its porosity also renders It a Uou-coniluetor of heat, 
and this quality In connection witii Its lightness has 
extended Its us* as an lusuluttng packing material for 
safes, steam pl|s?«, and boilers, and aa a II reproof build- 
ing material. In this cimntry a new use of the p-nin- 
rlal Ih ro|»)rtcd In tbe manufacture of recants for talk- 
ing mnehiurs. For this purrs** It Is boiled with shellac, 
und the resulting prisluet has the necessary luinlnes* 
to give good results. In Kurope, espoelslty III toTinany. 
Infusorlsl earth has lately found extended aiivllcatlnn, 
It has U*-n used lu iwepnrUig arlltlclal fertiliser*. r*|»^ 
cUUy In the absoniUan of liquid manures: In Ibe mauu- 
faeture of water class, of vnrloii-< cements, of glaring 
for tlh-s, of artlllelsl stone, uf ultramarine ami various 
pigments; of aniline and lilisartne colors; of {inlier. 
sealing wax, firework*, gnttn-is-n-hn ohjects, HwedLsh 
inatchvs, solldlussl hr-saiue. ^-.mrlni; is-wilers, inpier- 
sl many other articles. Tlierc U n 
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Wireless. Equipment on Aircraft* 
By M«n-uK 1 1. Ma at on 

XUK Won* I SO I'::: s :.i ' 

l*i ttu xi - * ft n wiHh n-itttiritr to bow radio teleirrapliy 
uork* would not be out isf place. Win-lens tr-bi,Taphy 

■ il ■fell m iranMuitted from imic station to other station* 

menu* of a scries of waves which are wt ii|> in a win- 
><r - i, in irf v,uTR i which is insulated from all object* in 
contact with the ground) by means of electric (Mediations. 
1 I ■ - - ■ urn uf wires employed u known a* an aerial or a* 
antenna*. 

Tlu«c ilnilrii oscillations in the aerial create a disiurti- 
unee in tlir unrounding «tnrr, anil tbe m<«*ag<- goe* fitrtli 
by means uf c|i ctpt-magnptic waves tn the • ther, lit n 
somewhat 4m Par way to the ripple* created by dropping 
a Maay into n |MMt| uf v,au r Rlhvr may In- di flfiini a* a 
rantied . It ineiM, all-pending ami inlaiigibk. it h also 
by means of the** ether vav«<i (liar licjn naelw* the 
earth. 

Tli. etwrgy creating these wave* is simply ku electric 

• tirr. ni which -urge* i I and forward from Kid to end 
of the aerial, tbi" change uf direction taking plaee many 
tlMMiNaudf* of time* |M*r *«coivd, and la what at commonly 
known tin an alternating current. Whenever an ofwrator 
pfwatt a key. tut oat-ilhiling current ia supplied to Ike 
aerial; ihir* acta up *am which go out intu tbe elber and 
f raicl along in all directions until they come into contact 
with otbt-r aerials (the waves do not stop when they n-acli 
aerials, but pa** along: until they gradually damp llirro- 
wives out), and in these aerials set up t'orres ponding* 
oo -illations, wliich are made audible to operaUirs at these 
Rtlittow n > means of a detector and telephone rceeivrrs 

■ then are many types of detector* in use, but these nrr 
tOO tiainemus to dewrrtb* here) — so* Fig. 1. 

Thl I urtvnl which itcoducca the mvawaarv oscillations 
in the aerial j* gemmled by an alternator driven by an 

• i urine or motur of tome kind or by means of an eUvtric 
battery and iodise I ton roll (trembler, spark coil somewhat 
simUar to the eodti u-ed for the ignition on automobile*). 

I p to ike present, and in fact even now, great difficulty 
is experienced in receiving wireless telegraph ntefaage* in 
an aeroplane: the wavea reach the receiving aerial thero- 
on. but tbe noise of i lie engine is so terrific that it make* 
the faint signals in the telephone reeulvers inaudible. 

True, then are other ways of recording the** signal? - 
by itMtans of Morse inkers, syphon recorder*, etc, but 
tlwcw instruments require mure than the minute eurn.-nl* 
which are produced by the ether waves, earning in contact 
with tlie rieeiving aerial, to oiierate them, and it is tbere- 
fui>i neee**ary to employ a relay, which is an instrument 
which will automatically switch on an electric battery 
and supply the current neecsaary for working the Morse 
writer or whatever instrument is employed. Again, a 
relay Is jirnetienlty useless if it is subjected to any vibra- 
tion, *o until the aeroplane is produe«d that is silent or 
vibration!*-**, tho ror*pti<tn of wirelefts metuogrs on nen>- 
pbuiee will remain a very difficult prohlem. 

In tbe caw of the dirlgibt« the matter is simplinM, 
since it can be filled up with a futonee cabinet wherein 
tli« operator could work undisturbed by tbe mnw of the 
motors. And in any caw tbe motors can l>e far more 
easily siUinoed than on aeroplane*). 

TKANSM1TT1NM WlKt! > - HKadAOEtt »KOM M h - ^ 

Though not without difficulties, transmit I tug wireleHA 
laoaaagas from aircraft is a gootl deal simpler than reeeiv- 
i .,- i i- -■ :., . i l . ■ I ■■ hi and StBat dfiaturl >i:iir fu- i.t» 
in this cam) are of no eomHMp^enee. 

Tlw apparatus required to make this wireless trans- 
mission pomibto ia as follows: 

An alterantor and transformer, the alternator being 
driven by the engine u>*od for propelling the mai-hine. or 
by means of au auxiliary engine or motor of wnw doserip- 
tion, or in place of ibis alternator and transformer an 
induction coil may tie used, tbe electric current being 
aafpSod to it from a battery of accumulator*. 

One of tbe two ano\e-ineniioue<l detice* i* nceiiuary 
to ripply ilie traiLttuitting aerial or antenna) with energy', 
and in order to produce the neeewary oscillations in th«- 
aerial a s|Hsrk gap must also bo provided (Kiaj. 2). A 
tOOft 1° <t» tnont simple form enuslsui of two a<lju*t- 
»bl*> metallic knobt supported by pillar- of a highly in- 
sulating substance; Uietsu pillars in turn being fixed to a 
i... ii. ii.l. of Mini non-eondti ting material. The spark 
kitoliM ari' mount td on bram rods an<l are arranged so 
thai lc. puvtiing the nxU inward isr puUing them outward 
the dl»ranee belwr. n the spark knobs can be varied at 
wUt, until the mo»i efiVient difclanci* iMtwren the knobt 
is found Tin* dulanee is known a* tbe gap. 

A kc> in wImi nirr>»*ry U> cnahln tbe <i pi rat or t<i make 
and break the i Uetrtc eireuit at will, in oriler to produce 
dot* and da-*bc* for transmitting a menage in th** Mon-c 
or othiT Dfl arrangiit code. 

A Iniii-mitting « t in its *implc*t form Is sboaii in 
Kaj. A. 

It will be noticed in the dunram that a ground con- 
nection is alno msxle, in addition to one to the aerial or 



antennas and as it is impracticable to trail a wire frum 
an aircraft to the ground, some other system must he 
adopted. This difficulty Is turmountcd by wing a 
coanter'poisc which is a sy stem of aerfaU nmilar to thaec 
devised by bodge. Il ci»n~ittti, in fact, of two iliMlin t 
n'-rials, apart front one another and each highly il»iulat4<«l 
{V\g. 4'. Ry tbi« ineaim a ground "inneetioii in not 
ewMintsal, 




• RojsOOaOBl reom .tcrrs/l. 



rie. r. 

AEH1AL5 US AlRXN\rT. 

These usually c twain of a riturle cop|>er cable alnHit 
ATI to KM) vat' I- long, one end of "liicb is connected to 
the instruments; to the free end a nt-iirht is attached and 
then lowered over the side of the machine so that it lungs 
vertically below tbe ma* Line when in lugtit. A winch is 
provide! so that the aerial may be quickly wound up or 
down. 

In tbe event of the machine having to make a lOFOnJ 
landing aud giving no time to wind up the aerial, tho wire 
cable is severed by means of iui aerial cutter which jh 



lifted to tbe side of tbe winch, anil the win- fall>> dear of 
tbe machine so that the aeroplane Lands in the ordinary 
way without any danger of the aerial catching in tree* or 
being tangled up by the propeller. 

The counterpoise used in place of the ground ooii- 
neetion consists of a system of wire* running from tin 
planea to the tail of an aeroplane or from end to end of 
tbe nacelle of a dirigible. Fig. A show* how a eounter- 
poiati and aerial are tilted to an aeroplane, 

The object of this article U to try and explain in a non- 
technical manner the working principle of win*b*« 
telegraphy a* applied to aircraft, aud to show what a 
largn field t* oj»*n for inventor* ami e*.perirm-tiler< 

Turpidity of the I pptT Almotsphere in 1912 

Kiai i ibe nnlrtifioafl ■ngjMtlon of Kmkat<w there bn» 
tM*eii no healtutlon |o aitrlhute the darkening of tbe sky 
Yihleti «N<eiir» from time to time ii> voliuntc erii|i4loii>, 
wbU-li MmietliUM'N ltecnme« ^utncleiifl) -«-rtouH to Inter- 
fi-re with iiNtronotiifcnl ohnervatlous. Tbe volcanic 
orbflu of tbcHe clomln uf du»b nhlcb tilwuytf float verj 
liltfli. but In-eu verified so often that the observed tur 
MatlKJ of the upjier utmospherw during tbe *>iiiiiiii«'r ami 
autumn of 1U12 has naturally been attributed to the 

■ l> •!• < rupll .1 i f Mi i i' Knli .nl ' i \ l,i - -l... 

This view Iui- t«^-u called In gucKlbm by hr. Iturkow 
i.f llM nidUf Anturellc Kipeilnioii, wlui olMuirred a 
atetatV turbidity In Latitude To degrees South In the 
middle of June. IUS, iiml for several month* thereafter. 
He ohserred cirrus clouds at uiniNual l- i ■ mi, - and was 
able fo nil. I M-veral hour* dally by the light of the sky, 
ulflioiich the huh wan below the horizon, even at noon. 
In Mhort, eier>lhitig Indicated the presence of rcflcctlm: 
Jtarticlen ut excetiilunul allltuiksL 

Ah It seems Impossible that tbe dust of Katinai could 
liave reuched tike Anturcllc m* tmnm after the eruptbiii. 
Dr. Itarkow conclude* that the phenomena otssrrveil by 
III tu were cnuned by dust of coamlc origin, although this 
may bave Iwen reinforced. In the northern hemisphere 
by volcanic dust from Mount Katmal. From Cosmos. 

Wireless Telegraph Station at the German 
ObserratorT at Spitzberfen 

Ar thU station a Vi kilowatt Tctefunknn Apparatux 

Is e*tabllsb< , d. with a ship's antenna *0 meter* lilich, by 
which eommuntcatloii can be bad with the -4atloti at 
t;reeii llarlH-r and tlieucv to Rurois?. For fl&ltnc tine*. 
<*reci> HaKHHT Bail time signals, at first wttbuut cen- 
finnatlon from the obwnatory. by mean* of a chronom 
eler cheeked by time slgunbi from the KirTel Tower. To 
receive 'in.' : j u.i i - at tbe ^■••rvatory the author 
ereeieil nn en rib itnieiiiut 40 meters long In the dlree- 
IliHi of I the axlmnlb of (Ik< sending elation, ami laid mi 
UM BBwl with which the cmauil was corered. With 
Ihli primitive urrangemeiil Ureen llnrnor kilo- 
met erst was continually heanl, and logo (l.nnp ktlo- 
meters» rnvnnbmnllj . Later an eartb antenna 230 
meiem hmg. awl cnrrlinl mi lusulatlmt imats 1 meter 
high, was erected. Kluiials from Ingo.were then n*gu 
lnrly recelred 

Tlie author says that Jt is giwrally well known that 
the strength of <4|cuaU In tlie Arctic la *ubject tn es- 
trnordiiuiry' variations, nltliotu;h Use energy fmm tlie 
BBaAfasj siailou renmhiM constant. Tike vurlathriis seem 
to f«Qa«JI nn law. but tbe sudden Increase and decrease 
In the received energy Is due lo some as yet unci 
plabtcd Influence, dumpies of thewe remarkable varla- 
llimif are glveu. The uuthor exiHTliiscnted in order to 
receive tbe l'ari« and Nnnbleli-h lliue tdgnabi. aud a! 
Hi ouch tbcMt ciu be reeeiveil <|Ulte well at Green liar 
tur with 4 oh ia* in parallel to 1 .'*».» ohms, no results 
were obtained with the type of antenna prerlottaly rt>- 
M< a rltHil Various types of uutcmur were tried, but li>- 
Klead of Improvement, signals were actually weakened. 
Sntinfaclory results were eTentually obtained by two 
earth unleuii.e. wlwiwe free ends were connected to bori 
xoi.ru I triangle*. The clear MM of the Telefunken sta- 
tion at Nordib l i la stated to be more sultatiU* n>r 
nnvptlon with signals uf varying strength than the 
KrowHug note of Paris. It wa« rarely found possible to 
receive tbe complete series of time mlgnaU owIuk to the 
variations twfore alluded to 

An aeriMiautica] apparaitls was arallable at the ob 
wervntory, lnill<*>ii nn teniae wen- expcrlmonted with, 
but the reeuIlM were not strikingly better. By mean* 
of the direct tlmeMininl rece,itli«i fnan Paris It was 
fouiHl po«ible to determine very exactly tbe lowrltndc 
at Kl«-l(ofihareii. 

The aiilbor *-ui|iha**lre« ibe n-vefiiliiea« of time atgiutls 
to Mine) hii; i-xtMtlltloiiM, nt very prlmlrlie and iH<rtable 
recidtlng a|>parutu*i con be employed. 

Later e^|*crlair<iit« were made to nee If transmission 
to Qt*M UnriMir was BOOatMl vlng the earth atitcnroe 
No NuiMt^a wa» o«itulne.l. ihoucb a small receiving (sta- 
tion 7 kltoiuclcr* away aixl lu a sonf hwcHterly illrec 
Uon from tbe olmervaiory mvlred cdguaK A balloon 
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antenna was tried axing the earth i 
capacity, and communication with Greeu Harbor iraa 
having a capacity of 500 ceutl 
dug S ampere*. A 
ship-type antenna «» finally coded, and the 
[ type of earth antenna need aa a euuuter capac- 
ity, satisfactory earth In tbe Arctic region nut being 




A Water Rheostat 

1st a coainituilcaUon to /*otr«v, P. M_ 
bow to build a water rheostat that la very 
construction and can be put together quickly with ordi- 
nary material that can be picked op anywhere. The 
author claims that It l> quite satisfactory, and glvee the 
following description. 

The drawing, Fig. 1, shows a 2,200-volt. 




Aarrvtaw p*c* a 
■I cr.rfrr nsrr m Vx,»n &j 



rlal which la always available around a power plant. 
Two frames am constructed In tbe form of a T, to which 
1*4 loch pipe* are secured at the three ends, aa shown. 
Tbla triangle of pipe* forms the electrudea, to which 
wlrea of any convenient alae are attached by aoldertng 
or hy mean of screws. A 1 Inch pipe U placed In tba 
center of the triangle aa a support and guide for tba 
electrudea. and a Vi Inch plpa la secured la the center 
of the bottom of any large barrel- Tbla latter pipe flta 
t of the first, ao aa to prevent the electrodea front 
to tbe edge* of tbe barrel. It la well to re- 
tb» top hoop, aa It prevents tbe possibility of 
charring the ends of the staves. A bona bibb can be 
Inserted near tbe bottom of tbe harm for attaching a 
a^-luch hose, or tbe hose can be dropped Into tbe top 
of the barrcL The rheostat can be supported on blocks 
uf wood or rest directly on tbe ground. Water can be 
' the top edges of tbe barrel or may 




lae tbe load on each phase. Any desired load within tbe 
capacity of the rheostat can be obtained by adjusting 

i on tbe quality and quantity of i 

: purposes. The ehnrt In Fig 2 shows a few 
don curves for different qualities and 
■ of water. Tbe form of tbe load t 




ami Hie angle or slope of the curie depends on lb* < 
111 of tbe cooling water. Tbe lower curre Is tl 
of using slightly brackish cooling water. 

Tbe writer has used this type ot rheostat extensively 
on 23*1 volts in various sections of tba country. A 
rhn-«4at constructed with a bS-gallon all barrel and 
electrodea in a triangle 13 Inches on centers will have a 

contact of 
a load of 

from 3 to IS kilowatts. The capacity can be increased 
by reducing the alio of the. triangle or lncreaauig tbe 
site of tbe electrodea, hut in no ease sbonld tbe elee 
irodea be leas than eight Inches on centers. With a 
steady now ot cooling water constant load can !» 
maintained 
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ir»e, 

la Ike corrrspoadcacc column. 
ntfioae cannot hr. ronafatcrcd, hat the names at rone- 
ajayisaowfi trill ftc tcilkkWd when ao desired. I 

To tbe Editor ot tbe Scientific American Supplbmknt i 
Ik Notes and queries. No. 13007, W. C. P. gives 
"grapliical solutions" for the formation uf magic squares 
of the third and fourth orders. Working aiung lint line 
I hare ounstruoted a number of designs for squares of 
these and higher orders 

Considering, first, squares nf an even order: When we 
act down the numbers 1 to Id in the form of a square. 



I 

5 
9 
13 



3 4 

7 8 

11 12 

10 16 



we observe that tbe Bum of each diagonal is the same 
(34), which la to be the sum of the magic squarr; and. 
further, that tbe sum of eaeb pair of cells in a diagonal 
holding tbe same relative position in regard to tbe canter 
ia the same, via.. 1 and 10. 6 and 11. 4 and 13. 7 and 10. 
Now there are eight possible pennutaUoiu of tbe cells 
in each diagonal that preserve tbfa relationship, vix: 



(A) 
<B) 
(C) 

m 

IB) 
(F) 

CO) 
l») 



and 
and 
and 
and 



4 
4 

: i 

7 

in 
7 
N 



13 

4 
IS 

4 
10 

7 
in 

7 



By using those, eight arrangements of tbe diagonals as 
a starting point it is possible to construct eight different 
designs by which magic squares of the fourth order may 
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Magic Squ 












1 15 14 


4 


Ii. 


I 


3 


'. 1 


12 0 7 


9 


ft 


11 


10 


S 


8 10 11 


6 


• 


7 


• 


12 


13 3 9 


lb 


4 


14 


It 


1 



1 




4 


I 
» 


V 

l/>l 


V 


J 


i« » 


14 



iSw>! 

if is — is"^ 



Magic Square 
1 14 16 4 
8 11 10 5 
13 7 I I 
13 2 S 16 




Magic Square 
10 3 2 13 
8 6 7 12 
6 10 11 8 
4 16 14 1 

M 




Magic Squarv 
6 12 0 7 

15 1 4 14 
3 13 10 2 

10 8 £ 11 



Magic Square 
II ft 8 10 

2 10 13 3 
M 4 1 Ift 

7 • n o 




* ■ a a 

x 



8 9 12 7 

3 Id 13 2 

IS 4 1 14 

10 & 8 11 



Magic Square 
II 8 A 10 
14 I 4 IS 

2 13 10 3 
7 12 9 0 



Of course, tbis by no means exhausts the eontbinatnms 
of 10 cells that form magic squares. Again n-ferring la 
Fez- 1 we observe that the sum of tbe first and fourth 
horizontal rows is 68, which is equal to tbe sum of ilo 

• cells „, 
tbe rowa of cell,,, 
through the eight permutations that preserve ihe 
relationship, and apply each design to ,as-h 
it. Likewise, we may turn the original 
a quarter-circle, obtaining the square: 

4 8 12 10 

3 7 11 16 

2 0 10 14 

1 6 9 13 
to which tbe various designs may be applird. 

In general it ia true that tbe sum of any pair of cells 
in a diagonal holding the same relative positions in regard 
to tbe center is the same, and a factoi of the sum of the 
magic square. 

Aa we pass to squares of higher orders It becomes olt 
vious that tba number of permissible permutation, of 
the cells in tbe diagonals increases mpidly. so that it 
would seem that there were many possible designs for 
magic squares of the higher orders. Tbe following design, 
illustrate several types of designs. 




Sixth order. Sum, III. 

Magic Square 

36 33 4 3 6 31 

12 29 27 10 28 7 
19 17 22 11 14 18 

13 20 10 15 23 24 
25 11 9 28 8 at) 

0 2 33 34 35 1 



: ■ \ \ i / • • 




o» to St..' S> 

a. 71 



Kighth order. Sum. 2110. 
Magic Square. 

1 2 02 61 60 59 7 ■ 

9 10 84 53 62 81 15 10 

48 47 19 20 21 22 42 41 
40 39 27 28 29 30 34 33 
32 31 35 30 37 38 20 25 
24 23 43 44 46 40 IS 17 

49 SO 14 13 12 11 ft* M 
67 58 0 5 4 3 03 0-1 
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IVnrh ordvr. Sura, 1 
May ii' Square 



11X1 


SB 


B3 


4 


a 


5 


7 


8 


<<_■ 


Ml 


1» 


13 


8S 


84 


IB 


15 


17 


83 


IS 


SI 


30 


70 


33 


77 


75 




74 


38 


73 


31 


31 


SB 


88 


n 


(io 


86 


64 


63 


83 


40 


51 


S3 


48 


« 


56 


M 


44 


43 


4B 


ill 


41 


u 


S3 




it, 


46 


n 


88 


60 


SO 


N 


63 


38 


37 


35 


Or) 


34 


33 


IV I 


T«i 


71 


SB 


73 


37 


35 


76 


34 


78 


M 


SO 


20 


S2 


18 


14 


85 


|| 


87 


13 




11 


10 


| 


I 




in: 


'i:. 


67 


■ 




1 



In the sixth order design. 3 and 33 uiurlil have bent 
iiiterehanged Instead of 3 ami 32; thro 13 and IS, 2 awl 5. 
7 and SB, 9 and 10. and 14 and 20 won 

.nngo. in the I 



36 5 33 4 2 31 

25 29 10 9 26 12 

18 20 22 21 17 13 

19 14 16 15 23 24 
7 11 27 28 8 30 
6 32 3 34 35 I 

Thus the type designs may sometime* be varied 

It will he found in the* foregoing square* that the 
difference between the mm of any row, horiiontal or 
!d the mm of the magic, square i- an • 



i of odd order.: By setting down the 
lof a« 
1 2 3 
4 5 6 
7 8 9 

i observe thai the iuhi of each central row uf cells it* 
1 to the sum of the diagonal, I'urthcr, the difference 

<if the nitric square is an odd number 115 *«-«!. li 
is, therefore, impossible to construct a symmetrical design 
with the digits in this order. In the csxe of a square uf 
the fifth order the difference between the sum of the fast 
row and the sum of tbe iruvgiu square is an even numl«-T 
(65 - IS - 50), but the difference between the sum of 
the second row and the mini of the magus square is an 
odd number i«S - 40 - 25). In order to obtain an odd 
wiuare that fulfill* the conditions under which a sym- 
metrical deeign may IV constructed, turn the square so 
that tl>e dingotialH tiecome the central* and vice vcr*n. 
Thus. 



A > j* uf if 
i« i* j /s n sa 
it yf .* e» *t 



II i I J J 

II 18 4 l * 

B 1> 11 • I 

n is is is io 

ti a a a if 



There 1 
third order: 



r<MT square- of Ibsj 




u.- • • « 
» I > 
s l « 

In u square of the llfth order tie-re are eight pcnuissihlc 
fcrmutaticins of tbe cells of the diagonals, as in tbe case 
.if the fourth order. Theac serve as tbe ba«s of eight 
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Maine Square 
(A) 

11 24 7 31 | 

4 12 25 8 16 

17 5 13 21 9 

10 IS I 14 22 

23 6 19 2 16 



IS 16 7 4 

■ 11 26 18 

17 5 13 21 

24 8 1 12 

i n i« io 



rfir 



\* r 

SI l» W |4 Is 

«# « J N S» 



II 20 7 21 3 

10 14 I 18 23 

17 21 13 5 0 

4 8 25 12 16 

23 2 19 6 15 

XTX 



IS] 6 19 1 23 

16j 12 25 8 4 

9. I 13 21 17 

22' 18 I 14 10 

3 24 7 20 11 



?i !!_ 



J J 



XJLX 




12 4 IS 16 8 

M II 7 3 20 

5 17 13 0 21 

6 23 19 15 2 
18 10 1 22 14 



14 22 1 10 IN 

2 15 19 23 6 

21 V 13 17 5 

20 3 7 11 24 

8 16 25 4 12 





(01 

12 16 35 4 8 

6 15 19 33 2 

6 0 13 17 21 

24 3 7 II 20 

18 22 1 10 14 



(II) 

14 10 1 22 18 

20 11 7 3 24 

21 17 13 9 8 
2 23 19 16 6 
8 4 25 16 12 



lit tbe following designs, the square-, have Wn first 
rearranged according to the scheme already given. 

\v [ 'A 4 




Seventh order, Sura. 175. 
Magic, square 
SB 35 8 9 1 17 
1 

30 20 24 33 18 38 
37 43 19 25 31 7 




Kleventh order. Sum. 671. 
Magic Square 
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77 
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23 


120 
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no 
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34 


117 


ll« 




55 


MS 


id 


35 


108 


13 


98 


16 


16 


106 


115 




lit 


IIS 


64 


75 


St 


87 


36 
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•M 


18 


H 




S-l 


79 


S3 


63 


74 


25 


84 


H3 


93 


in 


9 




10 


20 


80 


52 


02 


IS 


~j 


S2 




90 


100 


8 


111 


101 


-! 


91 


51 
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71 


31 


41 


.'1 


11 




22 


32 


02 


1" 


SO 


49 


,., 


TO 


12 


102 


112 
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11 1 


I03 


39 


39 


38 


97 


48 


.•A 


«M 


1 i 


:« 




78 


104 


28 




■», 


85 


86 


47 


58 


64 


8 
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IT 


lis, 


in? 


-•1 


lim 


14 


87 


M 


57 


• T 


IS 


1 


6 




UK 


12 


121 


2 




111 


18 


50 



Order-. «ho>e factors are uuiiiU th for 
arv kluran iir» hsmI.v ninstrueled ; e. g., a 



81 



cells may be arranged as nine groups of nine cells each, 
i is treated as a third , 
»'cd as a t 

U i» is if a 

l M 

l m 




»> M 7| 

T8 — ssV — es 

T» ■»! «l 



9 » » 

a o - 

H ■■ r 

r s a 

o » <• 

8 I 0 



lit :-w.r. Haste 11 <• r» 

9SS. IS SO SS 

14 44 



imp 



J' 

»e>. r,-« >4«I4 ' — 



IK It »4 

in ta m 



ir> » it 

14 |l |1 



• 1 III! II l| 
I > S ! 18 IS 44 
» » 8-J8 t> 14 

ii 7! 



In the same way a magic square of the twelfth order 
may bo made by forming nine groups of 25 erfl* each 
or 25 groups of nine cells each, and so on. The number* 
may he written cMinsocutivcly. instead of iu grmi|M 114 
in the diagram, and then divided off into groups. Also 
the various types -if design* for an order may Is, unit 
indiseriminately. 

niiladelphia, Pa A. K. Kkkkudt. 

=e 

We wish to call attention to the fact that we are lu a 
todtiuu to render competent services lu every branch 
of patent or trade mark work. Our staff is composed 



I to prepare and proaeevite all patent 
plications, irreepei-tlve of the complex nature of 
subject matter Involved, or of the speuiallnML tivhlih 
or scientific koowledire required therefor. 

We also buve nssoelatea 
assist In the prowcotliwi of 
pltratloiu riled In all 
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The Germplasm as a Stereochemic System — V 

Kvery Individual is u Chemical Entity That Differs in Characteristic Particulars from Kvery Other 

By Edward Tyson ItVirlirrt, I nivcrsity of KYiinsvlviiiiiii 



TuVdweov.*}*. in |K*t, by Dr. S. \V,,r Mitchell ami 
ni> -•■If tnxio prin«-iph-» i*f the veuom* of Mi-pent* 

aru nlhumiiiotiR m*rk«d an »ra in the chcinLs;ry. physi* 
tiloiry uud pathology nf protein and anionic other thing* 
laid lilt Toiukdntluu of our krtou|»-dve \wur'v%l and 
other tuxalhuiuius, Sin** that rino- <>nr itifortnatinn of 
the pn>|MTlic« of albumiuou* sub*liutee«, tl'*-u »XTrem<ly 
meager and somewhat fhaoti*', has. greatly advan«-»<d, and 
many invesiiirnlious hnvr made to d. b'nuine tho 

pny'L-M-' ntiturt- «rf the*e poiwriK, with the effect of more or 
Ic^s muddying the Mtatenieiils we then *tjt forth. The 
astonishing fact thai thc« terribly lethal tmlwtAnee*. wrm 
found by the UtntH of the day W he pp^t-ms and Ui.it 
niwl from their toxic properties llv} were iiidb-lintfiiich- 
able from eurrvipoiKling bodies, thai tire iinst*«Kil a* fi*od 
or derived tbervfrvm by the pnx.tiwM uf dilution, or 
found a* nunoal eoustitui nt* uf the It v inn tt-emt» gem r- 
ally, naturally letl mr to mui'b *|>ee illation and iilli- 
Uhately in tlwi pursuit of the very elaborate serie.« uf ri- 
wwhf* that 1 have laeai <^,r7>ing on durinii tin- jnv-t 
decade under the auspice* cif the Oarnetric Institution uf 
Washington, report* of t*a of which have appeared as 
Publication* No*. I hi and 173. 

It nould be futij. fi>F me to attempt, within the- neces- 
sarily restrict^ time that oau reasonably be allotted to 
tin* trading of a enmriiuutcnttuo, to preM-nt in a *ali*- 
tmnuiry fortn even the brfefeM Rtunniary <if the vcry 
volumuvnu* re-ulta ami conclusion* that are rmluidLod 
id these work*, or even fui outline of their l«'*rtug>, upon 
a va*t numlHT of problems of normal nud abnormal 
bioh««y, *o that perfuree my remark* *hoH be lnniv4 lo 
a fraement — a fragment whirli U-ux? u|nm ow of tb** 
tiK^t ImfflltufyHail-aHMPrbinc jvr.>bh nw of Uf*-, why **ULe 



a. tn». m-htirttiTT or »-rxaa'Mi!»Jick:Kiobi in KKLAfiuN 

TO <tC\EMA, SftX'IKjf, K'fl'. 

Thi'n" n.'w4rclu^t have mh thru; t!!t* ciliul bn^i^ i)w <yin- 
i-i'jktioEi lltat ia dtff<r<nt orgnnnnis t&rrcayoH>itn$ a^fkx 
urtyrnic eu>sstiinct* ihat trd««Ji(uJf ittc tuprtmc tiruciurtil 
mitipoTiriiij of ftratvptaavt mid !h< wrje/r fynl.^/ir p^lurte 
«/ frrutofAasmic arfiufp nrt »nf ui unir m-ir af>wJNt<r^ i'Jrn< 
in rktmical coH^ttulion, cud thai tuch euc\ »ut}tfante 
may <zi*t in cvuntUn iwtirft^nfirt-j*, each jwo-/i portion being 
rharacicnwHc nf lh< form vf prol. tf »Vu*m, Mc t-ni^n, tk* irt- 
liivififial, iKt avj, tA« .ipcwu iiitJ (At fffncir. Tbl3 eoncvp- 
tion wu ituppiirtcd not only by tlw «!xirnonlinar>- diffrr- 
t'urtu tviU*\ Iw*1wcoti tbc albuminoan Bubstaiir^t nf 
vermin and thowfi of nthirr parts of tlwi «crpt'Dt, hut als-i 
by tbi? n^ult* of tbti invi>«ti<rntbiQx of llanrint irlio 
dr-M!nbinI niarkod difftirrnmi in Uic jwojKrtii!* of thn 
lipatm of tlu- pnn*-Ti nttf juira and tht: liUod; of llnppo- 
Scyl»T and othfrv who *l*Uxi that tho pr|wnu i4 «itd- 
and wami-bliMidcd aninuiUar* not wUintiral-,4/ Wr6bh n-- 
*ky and otbfm who rvrordfd diflTcrpiwr* in thi* pipfciuft 
<tf niammaU; of Komi<11 uiv\ ht* student* who found that 
tlu* protamine obtaiiw-.! from th. ^p^rniato/ua ol diffrr^ut 
*piirM^ of IWi nn> not U1fiiti<-al. anil of variini* nln*nrvrr» 
who hftvf- tMiUil that the w> tliro*> to« of onn fcponng whrn 
injn-tod into tli»> bh»>d of anotbi-r arv in tho nattirv of 
fur* um btklifH and raj^idly <U«troy^t. Durini; »»ulw- 
qiit'iil y»-ars,, aitd t^juvially very n^ntly, dam bav»- Ih-vij 
rapidly ivxniuuLatnuc al">uc many ainl div« i>M liiiLtt uf 
invtxltcatwu u-blch wllt^tivcly iadK-atv lli*^ wrry in- 
di\i<tual t* u (diMiil.'al entity tliftt diffw* 111 chamcteci.ilir 
parti> iilurt frutn every olhor. To anyouo fauular with 
the ad%aiu.'i-rt of biovbeuiUtry and witli the tr*nd of ietrn- 
tillrj jtroicrttts touard ibe explanation of vital phrantnena 
mi a ph>-«oo-cln:niu-al binb.. it will be obvious that if th<> 
rune«-p!iou of the nou-muforiii eonatitution 



«|hi|mI1iuc prolruu and other >'>jrn'ti|Kitidttur i'innph\ or- 
uniik* >iub<it4um«t in dilTirtbt orjr&niHiEn unit purli of or- 
HuiiiwiijH w«?ru found to U- ju^tili>:«l b> Uir results «>f 
lnUiraU»ry um«U(r*tn>n a U>«ddt rinc fr.-ld of pimv uIu- 
\*itt, r>^inlju< and tnsi-Miiration would \*t (aid open -14 
tU'hl .1. (xtfcialwaii to lui*!ud*' uv«ry doinaluof biolotri^l 
«i*».'ti**f ( Mid w«iuliiirly to mttU-T pnwjbte, ami even prob- 
aiilv, a Vitcl'-al vxptanatton uf the idwhaniunB undurlying 
l hi. dilTt reutiatlou of imiividuals. set, variutic*. »|M>-it » 
nud ifoiK'ju; of tlut fsuwi of UiM'tuatiutu and mwtatairiHj 
or tli.. pbvmunrna oJ Meudetintn and heredity ill S*uer»J; 
or tin- imnwsii of fwundatiun and sex^lpbirminatvm; uf 
t\i' lobTan-i*' irf certain orranum* to oTganio poiv.in< that 
may i»: oTtr* nnTy viruhiit U* other foniuof life-; of luiuor 
r<>rruAiiim, Trvcr^uiiw, malfumintioiu juid niotuteni; of 
nnapb t Inxw, errtatn toxi-miaii. imnnmitirfl, vU*.; and of a 
\;v-i r.unihrr 4tf othw pin ■noim na ut h-innid nud afinonnal 



Anrll .'Ml, 



Itff- a-hirh ai yet arv jmrlially or wholly Hoihid in 
iny-tl.-ry. 

St iom* ,v*ars pn-\ ion* to di.sc»v.-r> (rf thi> nature of 
tlir> K-tbal ron>litiu-ntx of vrnums, I'avti'iir f'vund that 
thrfL' exist thn-e kindn of tartaric *:UI wbi.-li, l.is*iuiho of 
different e.feeiM on tho ray of polarized btfht^ ar*i dt*- 
tiatcuiittu'd iw tin- ihxtro-, |^'i>- and ranfrii^viartarie 
at-idn, ihi.i ih xim form nifjifitf thn ray to thw ritht, thu 
la«ro fii-rni to tin- l.ft, au'l tlwi rao-ntin fonu iw»t at all. 
When thrsfi arid>4 wprv mth^tr'd in ** parate^ M>ltLlion« to 
the actions of PemtiUiw (jfjut'iim femwiitattun i»ro- 
oeeded in thf d*.xtro form, but not in th* lo-vo form, wbtlo 
in Urn wlutinn or the ra-r-niio aeitl, whwli if a mbcturo of 
thw doxtro and l»vo oriiln, tbo dexlru f.wut di»ppuaml f 
Uavmff ibfi Imvo moh-ty Ubaffwt«d. All ttuw aeid* Itave 
the s*ni*i nht-mirnl rxini|tM«ilK>ii and I'btMiikal jiroiMTtie* 
but differ ^trtkiiitfly iu their effort 3 on jtotarized birht and 
in nutritisf prtjp*<rtle>*, Identical or comts|K>mlinK pecu- 
liarity-* have Kinoe lieen rveonled in n-lation to a Largo 
ntimbt r uf »ulwlanLM;s. Thw. of the twelve known form« 
of h>«\o»«.*, or trluraaef , only the <Uixtn> forins: are f«rowmt- 
ai.le, that i*, capable 0/ brine turd by errtain low or- 
ganitJiks a« food, bat not all are thux availaliU), and, more- 
over, tboae which an? *how marked <liff<Trnern in thp 
d^vrw of fernwmtability. In thn cw of otbfir «qh«tan«tt 
t\nieiilium may eonxiune thn bnvo form hut not the 
de.\tro form. Other organtKinfi fthoir mmilar aehr-lnitie*. 
Uctitu; either dextro or hevoform. or l*oth, mit ia the httt*?r 
raw tn unequal <Iokt«mi. Kven mnro Htrlkiiv; io0tan< L *.ti 
)ia\n beon mcorded in ttbfi aetinni of poi^om, a* for 
Instance, de.xtro-nk'otine u only lialf a^ t*)xlc am t-h* lawo 
form; dejctrn-adwiaalin ha4 only tatilftb tli« jww^r 
of tlio lw\ o form; ra>raiait<vf>neaine ha>» a quicker and more 
intenwo hut Iras buting actiou than Die bevo form; the 
aapiwnHCinn., hyotein*^, hyowyaraineft and other Hub- 
*Uniee!i ha\-u lw*n found tr> oxhibit marked dtff«reaiee« 
iu aoeorilani'o with Tariationx in thfir <>]>li -*l |vrojperties. 
With other bodim brlonicinic to tbU c»t»«nry 11 may 1m< 
found that one form ia «wr«-t whilo aikfttlwir i» twti U; 
another may he odonmjH IhiI iu onantiomorpliiiiiA ft>rm 
without iMlitr. 

Tn the foretfuintf tltcre may Iw a*ldod examples of other 
KiitialaitfHM tliat t;xi*t in several furais but wbieh phy*ieo- 
ebunik-ally belone; t^i n tl-ffercnt ehvw. Tutu, nitro- 
irlytH-ritH- may i-x»t in form* that are m different that 
under civen e^tnditions of temperature and percxi*Mon 
one h explosive and the other iioiwxptu*ive, DifTerfiUMn 
In *nil^tatMii whi"h are found tu allutro)n<; fornw may be 
ah markwl at hi any of the pm-vdijiu lllu*trAt>oiw ( *» for 
in-tniu^, in the i-aw or pluMpboruK.whi.-h in famtllar m 
the yt'llow, ahile. bla- k and i>kI varv-'ti»«. all of wliuth 
with the L'.v^ption «f re*l ph«.Hph"n.w arv exnwIiuBly 
ptti^niLiiv nlhk ti e latter itt Inert- The ortho, nwta ami 
j»m fomt^ of n iclvtii t.u)t*(aitce may exhibit niur*i or k«« 
nutrkinl phyMinlnKi^l u itd toxieoliMfw-al variation*, and 

Tim explanation of the rrinarluthlo diflrtxinxst* dhown 
by these. MnlKtan>>e>>, whi.'h diffcrrnmi are parallfioil by 
thotai niattiff^t. d by t!m lethal and hiotuoum pnitetiu of 
the nrp.'Ut, the prpxins, the pn>tamins nnd the nil hh*id 
«orpiiM*k«f, to hi! f.Kjnd in the r exult* of two ind impendent 
hut inliiimu.ly rrUtcxl linnxof phyvjcxi-^hrmieal r»-*ej»r.-b: 
(I i Tl«t inve^ti^nlioruof Van't 1 1 off and Lefiel and mjIimt- 
qtict.t obw-rvniv whinh have laid the foundation of a tww. 
and (o tlwi bii»loidHt ami phyneian, an extraordinarily 
ini|Nirtaut dov^opni* nt of ehemijiln,- known a> »t*rn>- 
elh'ini^try— a d.-purtmrnt that trrats of thr arrangpfnenU 
of the Alum-, tfioujw ami ma***-* of nuitocuh's, or 111 other 
wojiU of iutramol^-uLar A/ruiuri'meiit or ennliiruratiun uf 
miJi-» ular <Mtn|>oiji uti. in tlw tluree dimL-nno-at of rjuee. 
t.'Z) The mve»tiicatioiL-f of W:llard Ciibbs and uthen whiclt 
have (jiven iu tlut "pliaw ruk-'' which dHinc* the pha%e» 
in which a pven aub^tan- e or e-imbiuution of 
• exist uwimc to diffenn-es iu intra- 
molecular and extramoleeulax arra!u,•vcueul^ and <-ou- 
Mmtrxtioii or tluir components in relation to teut|»erature 
and pressure. 

Aiioordiajr to -ttrriMH-hcrttistry a Kueu aubstaiu'e may 
exi»*t in multiple forow <1» [tejidcnt ujwmi dUTureuce*( in the 
configuration or the nuidvule, all uf whMi funns have in 
common tlut fundamental ehenura! trbaructtirutiej; of a 
lfi»cn piMt«*ry]M% yet each may have certain propertieN 
which ixwilively dihtiuguliih it from thr oihrr*. T!if«>- 
Mi'-altv, v.ihklan^ a* scrum albumin. «*rum clobu- 
Im, hernorfolwn, •.tareh, elyeoeen ami eblorophy] may W- 
prwlu.>-.l b : .' uHtun- iu eomitktrt itn«litim! form* owitm to 
difJereuetift in iuVruukoU<tular amuufeimuitri. 
has <«:iniatiAl tliat the w*um j.'lobulin imit-v.uJo 1 
in a thmi.tnnd milliim forms. Sub>laiKvj lliai exist in 
of a pn»t4ity|x< are cU*titurui.ib«*<l ik* 



Tlu- remorUTAe (\u t Jia* Un-ii noted U 
Fibber and otbem that *ti«votsutner+ may exhibit u , 
irrvat or e »n sreater difference*! In their pmnerthti tlirxu 
thow manifested by even closely relatod worn. ?n ( vrliieh 
Utter in e-tmivarisrin with Blentxibomerx am di*t«tilt> if 
at all ehenuVally reUte<l, As ttlremty in^Uuicrd. ho Mlijrlit 
a ehangr in molwular cohAk: irntiou a* (pvit* it**- to duxtru 
and Ij-\o fortn^ may uulIicLeut to e*tjNft deliiut^ and 
rharaeterwtie and even profound dirTiTfimvt. iu physical, 
nutritive and phyAioloip>.wl proptTtics. 

In a*vnrdaneo with ilie "phase rule" a rfii balance or a 
nnmbinatioQ of «ub<tauees may exist in Un? form of 
h*trro K *m^)US or liomwuuneoiw xy^tem*, a htfteruirenouu* 
ayntrin eon«i>«tUui of ft number of homiwncoui «y*tenw, 
cai'h of whieh latter if a manir.^tatioi) of au individual 
pliftH.1 *ud »iivinirui»hiiblL* from thn oIImth by physical, 
inevhaitical, ebcmical or phyiiolo(p>aj pro|K.Tti<t». Trut 
number of pbaatu uf a het4 ro«;cne«HH »leiu inrmuri 
with th* uumlwr of eomponcnt sy^teim, aiul tlio number 
of the latU-r u iu dimet n.lntio.^ldp p> th„ numbtr .rf 
independent vaxtablo ni»iutUu« 11U Therefore, by mrann 
of variaiiotui of either or Imth infanboUK'ular or extra- 
molecular arrauxcnient tlie number of forms *>i a «Mh- 
or combination of xijb«toiiee« may ran^e fn»m few 



Our meuiu of differentiating nter«(itM>inen ore, on tho 
whole, limited nnd for the mont part erode, and while it 
1 1*3 been foiuid tlLat difl*erei*e«* m riuu*keil as tit 0*0 rtv. 
ftnre«d to may bo ileteetod by t!i* urdiuary proiXNlureji it 
5eepLi obvious that the hihorent limitatiomt of <tieh 
mclhoils render thxuu ina/|o.piat« where a larip* numlwir 
of stereoi»»merides or ttUVmI ImmIIiw which 1 



only otxseuro nwiditieatimM arvt to Iw deliniUJy dirTvren- 
tiated, so tliat other und more iu.il ivc methodx must Iw 
smixht. or at least Fpmin] mctltuds tliat are adapt^l \u 
uxeeptkinal condition*. The txiults of mueh preliminary 
tnvcvtiirati.ni in this dirretion l>.«.| in one re*-«reb to tho 
adoption uf the cryatallo^TTijtloi' method. eijx-eiaUy the 
u«oot tlui ixilamini: nueroieope, nh^rh iji i' i very modern 
dcvt-lopmciiU of atialycis ha-j dciuonHir^l*-d that mb- 
stance-i which have difTerent muleeular ijir^i nrt- •< exhibit 
eorn*^|Miriduur differcaiee* in crystalline funu and |iolari- 
reupii* iwoperttnt; and, rnorcovvr. that the '"optieal r>*- 
aetioit*" may be found to be. afl dU Hue live and aj <*XJW't 
aiuil> ieally ha the reaatinns obtained by the eout entiotiut 
ute-tliods of the elHunist. I'urtlwrmorv:', the notNLMtitioH uf 
the b> |*"th«^iia demanded the *elr»Mioii of a 5itb»taiieo for 
attKly of a ehamettir which upon thwrxMieal trrvrtiuds 
miebt be expeeU-d to exist in nattiTO widely dwtributwl 
and readily procurable, and, as a eon^uonre, Iwomx 
ClobUl » -lee teil. 

lo the inv.t iueutiun of tlwi hemogloblna l had a* a co- 
worker l*rof. Anio4 I'dislee Umwn. llentoRlobiiu, vut-rc 
* \amiiM<1 th^t wen> ubtaini-il from i.vcr li)i) aninuxts, 
repn-Nculiiu; a larue variety of spm :ii*. genera and faint- 
Ilea. nil the data tveortled eertmn f*rV* am espci-tally 
eorwpi-nuu*. amunc whi-h may 1* mentioned tlio fullow- 



I . I he cou>lant rwurretM-e <if certain aturles, jdane nnd 
dilte»lr*d. in the heinotdobimi of \arionu >ipeek*<.eveu when 
tJ.e h^ I.* are whlely wparaW and tho erystaJ* Udon K 
lo various eryaud -> items. Thb feature indites a 
ootniuou stricture of tlie Ikemivlobin tnulwulex w|iat«ier 
their -uuree. 

Tlx* roimlaitt recurrence of eer t«n types of twinning 
In tbo hentut;k>but», and the jwevah-u;-*' of mimo^o, Tbw 
liaA ^atiie diiCiuQeruice as the foretfoltur. 

3. Tile niu-laiic> of jrenerie charn^tuni in 
The cr>>taU of tho v arious spis-icM of any 
to a eo'ftalloirrnpluc group- Wlwu th«ir eharaeWrs aw 
UhuUt^d Uitiy at uneo reeail trr> titaUoL'raplu> jroup* of 
inorguitio compouinla. Tho crystal* uf the p-«iu« friw 
roiwtuuto an l^omorphuu. srw.p which is as H wictty 
rtoinurplwun as the i,Toups i>f rhombouedra] and orth-K 
rhombic earl^naUwamDntfnunorals, or the more rntupJeX 
m- .brute- of llw. mumbcTs of tho croup uf uioDofltymnwtrie 
dotlhUi qutpha'vs, 

4 Th^er>9lalJogTapIuc tpcetftcity iu relation to spocUM- 
Tho cry 1 tab of each KptM-ie« of a Benin, when they are 
favorably developed for examination iu the jiolarv.int: 
nui!TDsco|<e, can usually he di^tiuiiui^beil from nu:h orln r 
by definite murles nnd other pru|-'rlie9, wliilr- prc^-rving 
the Momorphtnw ebara.-ivr beloninua; to the venu*. 
Wlwn on aooount )rf diflWulty of mcaiuretnent the differ- 
cannot I* five a ,1 quahtilnthu varialious iu 

hahit anil mmlo of erowtb uf tbu crystals often show 
*mmitlr dtfivreiKW*. 

!i. The .xvurremv. of several types of oxyheni-jjfUibin 
iu mvujl/ew of eerUuii Rcmera. Iu 
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Where several types of crystal* oouur in this way in. the 
K|Ma(w of a genus the crystal* of each typo may b« 
arranged in on isumorphous series, la other word*, eor- 
uln genera ax regarsta the hemoglobins arc i«ndlronrplKiu» 
ami others tsotrimorpbojua. 

(I. When orders, famines, genera or species are woll- 
ecpsratcd the hemoglobins are cssrreepunduigly nutrkedly 
differentiated. For instance, w different arc llie hemo- 
globins uf Aon, Uortupialia, Uno*l<tia and rWs»fw that 
there would ho do more nkrjihond uf confounding the 
hemoglobin* thau thorn would bo of ixustakuuc the ani- 
mal* themselves. Even where there u much less zoo- 
lisgical separation, a* in the cause at the genera uf a oven 
family, hut wbcrc there in well-marked loolosrical dis- 
tinction, tho hemoglobins arc mi different at to permit 
readily of positive diagnosis- When, however, thn rela- 
tionships am duan tho hemoglobins an oorrttpondingly 
close, so that in imitations of an alliance such as iu Ctfcis. 
VutfMM and Vrocyon, which genera yours ago were in- 
cluslssi in one gonna (and doubtless currcotlyj the beuio- 
glohtua are very mwh auko, and iu Umbo eases they niay 

■und ii 

rim of a 
genus. 

So distinctive xoologically arc these modified forms uf 
hemoglobins that wo bad no difficulty in rwogniiuuc that 
the eommon while rat is the alhmo of .Was nonvy-icus 
(Mm aorrrjKii. ali/ws HaUi) and not of Msi. raitus as 
almost universally stated, and that Unddni am rotated to 
itiorida- (as iniggested by Mlvart "JO yearn ago) but not 
to Canidic as stated in modem works on neology. More- 
over, we wan qukk to detect errors in howling, as for 
instant*, whan a specimen marked as coming from a 
specie* of Papio was found to belong to on* of the Feudm. 
Gsuteric fomu of hemoglobin wbun obtained fmm wcJU 
separated genera are. in fact, so different in their roots«-u- 
lar slruetnres that when any two are together in solution 
they do not fuse to form a single kind of heiiiuglobin or a 
huinugeoeoua aolution, hut re 
particles, no that when cryatal 
lixce ludeiMuidently of tho other and without inodineatioii 
other than thai which is dependent upon such ineldenUl 
conditions as are to l>e taken into account urdinariiy dur- 
ing crystallization. Thus, the hemoglobin of tbe doic 
crystallizes in rhombic- prisms which have a diamond- 
shaped crsKsa-seeliun ; that of the guinea-pig; in tetrabedra; 
that of the squirrel In hexagonal plates; anal that of the 
rat in dongatod six-sided pbuos. When any two of theae 
bemogtohins are together ui solution and crystallisation 
occurs, earn appears in its own form. Such phenomena 
indleale that the structures of tine hemoglobin molnridra 
are quite different; in fact, mure dutereutiatod than tho 
inotuoule* of njembara of an ianmorpbous group of *JmpU> 
carbonaUe, such as tho carbonates of calcium and mag- 
neuiuin whieh when in aeparato soluttona crystallise in 
rhombubedrotut whose eorrosponding aud« differ 2 <1*T- 
l. r i mi in but whieh when in molorular union, as in the 
I dolomite, eryatallu* as a ■ 



Upon the basis of our data it is not going too far to 
autumn that it bas been satisfactorily demonstrated 
theoretically. inferenUally and experimentally that at 
leant this ono aubstanoe (hemoglobin) 'nay axist in an 
ioetrticeivnhk number of stereisomeric fornts, 1 each form 
ofing peculiar to at least genus and specie* and *o de- 
cidedly differentiated as to render tile "hemoglobin crys- 
tal test" more sensitive in the recuemilkju of auinjals and 
aniiiusl relationships than the "looprecipitln lest." 

, to the rcanareh referred to, mveetiKatioiui 
led in the study of 
various additional- 



of frisw<w, with the rosult in the latter oano of I 
indubitable evidenou of au ancestral alliance uf man anil 
tho man-like apes. 

More or less elaborate studies by orystaUographie and 
other methods have also boon made with other alhumin- 
wlth starches, glycogens, phytocho- 
, cbluropbyls aud other eouiphn synthetic prod- 
ucts of annual and plant life, especially with starch**, of 
which over 'MVi specimuna were examined that were ob- 
tained from different plant eourous. ineluduic representa- 
tives of a contiderable ■ 
tvietim and hybrids. In aU of these mveatiaratkius the 
s are not only in full accord witlt those of the humu- 
i reaearclen but also in some instances of broader 
ai|rulovaucs> because hy hotter methods of differentiation 
in some caeca it was found possible to rceogniac not only 
peculiarities as regards genus or species but also vane ties 
and hybrids, and even to trace in hybrids with marked 
deffniteuens the transmission uf parental characteristics. 

Humming up the rosolta of those independent but inter- 
woven reaearehea we nud that the modified forms of each 
uf these substances lend themselves to a very deftnito 
syttcm uf ctasaillcallou, and to one that kt in general 
ao-ord with that of the botanist and loologiat, that is. 



each genus is cliaraeu<ru«d hy a distinctite type, of hemo- 
globin, albumin, starch, etc., a* the cane may be. which 
the geaerio-type; every "pceios of the 
have a modification of this type, which is a 
speolea-type, or generic primary sub-type; and every 
variety of a specie* will have a modification of the spocMw- 
type, that b> a variety-type, or feueric seoondary sub- 
type, or species sub-type. In fart, it i 
with revisions of present elaasiSealions that are certain 
to come there will be found definite family types; and. 
moreover, that with improved methods of differentiation 
there will be discovered positively distinctive sex- and 
individual-types. This hut statement already has sup- 
port in tho results of collateral lines uf research which 
bear upon the speeiiicities of enxymev, anaphylaxis, pre- 
cipitin reactions, immune sera, etc. 

From the foregoing data it seeeua obvious that IA« 
cempfex arpunur tvbttanca trkicM nny he aSTMaiW to <i>«l- 
stitHla the ftnniial /undenientaf renjfiluenJs e/ prolvyiatm 
and the iminedia4« ronipfrr ryaoWcfir prwSvcU of prwfo- 
pttumic tutinty ma) erisl in cmedingtv ausir/aus at 
eien eouRtlttt aterovuesscric fur mi, eacft form being peev- 
liarly nad sjsnn^iujUy modifitd ia relation to genud, saenVx, 
eart'ete. rare, jcr, t'aJleufuoi er rjen part of an iNdVeiuVel. 

U. rKOTOPkASM A COlirLKX •mcMKUISOMBKir sv«rnM. 

The next logical step in our investigation is manifeslly 
tho study of the bearings of theae stereo i».owir«. as such 
and in their variable combinations and associations, upon 



the structure, proc<voww and products of protoplasm. 
Protoplasm according to the modem dcvelopmeut* of 
biochemistry is to be regarded a* being in the nature of 
an extremely complex, labile aggregate of proteins, fats, 
carbohydrates and uth«r mhtlancc* that are peculiarly 
associated to constitute a physico-chemical mechanism. 
Tlie possible number of "phases" in which such a system 
can exist varies with the forms of the stereoi*tmori<lea 
and in general witlt the number and Independent varia- 
bility of the iMunpournta. In such a mechanism we oon- 
nuinln-r of variahlea is iiuioKvival.ly groat, 
wo believe that such 




extremely scnsilive that the properties and |>roce*M* may 
be modified tiy even so slight a change as the sulietltution 
of one form of stercoienmrride for another of the *amu 
licototypc. Were it praeticalde to examine all of tbe 
most complex of the organic structural component* of 
protoplasm it douhtlnss would lie found that every one 
nxists in a form that is peculiar to the individual and his 
position in classification. Moreover, we must conceive 
that tho components of protoplasm are as specific in 
relation to the form of protoplasm as ore tlie pccullar 
fomw of stereoisomers, so that different f.*ma of proto- 
plasm are characterised physicoHihsmu-nlly (1) by tbe 
peculiarities of tbo st»m»i>omoridcs, and 1 2) by the pecu- 
liarities of tbe kinds, combinations, associations and ar- 
rangements of the components in the three dimensions 
of space. 

In accurdanoe with the foregoing, the human organism 
may bo regarded » being a highly organiicd composite 
of heterogeneous physico-chemical systems that arc com- 
posed of a vast number of parts, each such part repre- 
senting a particular "phase" of the system and being 
physically, mcelianirally, chemically and functionally an 
individual interacting unit of the aggregate- Honce, it 
fallows that tbe sum or totality of these peculiarly modi- 
nod atrrcouomen per si. and of their arraiigenveiiU with 
tho ajssociated components eoiuftiuites a "steronchemic 
system" that it peculiar to tbe cell; that the sum of the 
ooll-svtitcni* ia peculiar to the tissue; that the sum of tbo 
uneue-syetema is peculiar to the organ; and that the sum 
of the organ-syttems is peculiar to the individual. 

While the living organism had been fur years recog- 
nized as being iu the nature of an exceedingly cumptex 
pbysieo-ebeniituil aggregate, of interacting independent 
and interdependent parts that constitute a single working 
unit, it has been in only recent yean that the mn'hamsuts 
that bring about co-aperativo activities of the various 
parts haa been made clear. The governing influeucea of 
the nervous ayetom wen found inadequate even in the 
hlghost organisms, not to speak of forms of life in which 
such actions occur but in which then is apparently a 
total absence of nervous matter. As an associate of the 

it in or- 
ganic evolution, i* s correlative nwhanstm of a chemical 
character that Is of tbe greatest importance, and doubtless 
equally so throughout tbe whole range of living orga ni s ms 
from tbo lowest to the highest. Every living cell whether 
it he in the form of a unicellular organism or a component 
of a multicellular oTgaiusm is undoubtedly in tbo nature 
of a bcumgenoous storooebemic system, each of thn com- 
ponent parts of the system forming substances which 
may affect directly or indirectly tbe activities of the 
processes of the other parts; likewise every ouU-of a multi- 
erflnlar orpaniam is not only in i tec If a lieterogeneous 
system but a part of a number of a*ocialed lwP*o- 
gonoous lyatnnia and which by virtue of certain of its 
product*, with or without the agency uf the blond- 
vascular or lymph- vascular systems, may exercise iu- 
which structures may 



logical relationship. Thux we dud that a secretion formed 
in the pyloric glands of tlie gastric mucosa may excite 
the glands of the cardia; thai growth is determined by 
toine product or ixroductsuf the pituitary body that are 
carried to the various structures; tliat the liver, pancreas 
and Intestinal glands are excited to secretory activity by 
a peculiar substance formed in the duodenal and jejunal 
xrfiydrat* metabolism in the liver and 
is influenced to a profound degree by hormuiH-> 
that are formed in the pancreas; that lactation is deter- 
mined essentially by sabstances derived from the corpus 
luteum, plocvnta and involuting womh; that the periods 
of ovulation and menstruation are inhibited by accretion* 
of tbe corpus luteum; that vitally important states t»f 
activity of the generative organs are directly i 
with functions or the adrenal glands; aud that i 
dei'dopment, especially of secondary sexual characters, 
is intimately related to the ovaries and testicles. To 
these extraordinary correlations might be added many 
others. Some of tho bodily structures are in this way so 
definitely associated in their activities as to constitute 
oo-o pern ting or interacting systems, so that the tissue 
products are complementary, supplementary, icynenristic 
or antagonistic in their influences upon given structures. 
Such correlations must be, for iicefeetly obvious reasons, 
one of the most primitive fornix of interprotopLssmi"' 



present kitowledee, in tbe conclusion that each active 
part of a cell, each cdl, each lieeue and oach organ con- 
trihutos products which may affect the activities of func- 
tionally reUust or unrelated parts. Hence would fallow 
the dictum that not ontg it every pott ttf u txU, setrp erif, 
rcrjr ftrsur and eivry ursan an tndimdvinlisrd Aferruciirmir 
Mltil bttt ulw that ifj opera^iens, and hente tht mttvrt of id 
prv*fMrtff, mtttf bt tubjrel directly or indirectly tn the ttf 
/turner of civny etlter nctire part of lite er^isisin, tuuerer 
tuiet uhd /utiffions otav be. 
[To be ttonctuded.) 



A xxw method of eel culture practised by a Dane 
named NleJsen Is itcsciibed In tbe aoiiual government re- 
port ou tbe fresh witter naberle* of KnglntMl and Waists. 
rVlcUni Is the pr«n«rlett»r of a jaece of low-lying lantt on 
tbe lae yjord In the bland of KeeUiud, so baulted In as 
to fiirnt a poi*l of about 4-fJ acres, wbkb Is ou en 
n«cnilie nlMKlt i feet deep. The water In the |>ond b> 
sxiutewlut brackish, and this permits of the develop 
mcnt uf obuDtutiit quantities of Mysldm, and upun these 
tbe eels feed and thrive. Tbo proprietor bas contrived, 
lues ever, ttuit either salt water from tlw KJord or fresh 
water from tbe ndjaceot causl can be pumited Into the 
lake »» deelnil. Tbe eel speuds the greater part of Its 
life lu rrenb wati-r; but on attaining sexual maturity 
U InstUu-Uvely seeks the sea. where It spawns (this 
stateuicjit aptieurs Id untly to all the sets of Western 
Europe) fur out in the Atlantic In the neighborhood 
of tlie Kargssso St*. The young eels. In their helpless 



beii«ne elvers, 
waters, where they remain till they have reacted the 
stage of maturity, at which nature urges them to return 
to tlie sen which cave tbom birth. 

Nielsen ohsrrvoit. that the elvers annually appeared 
In the l«e >'J<«d nhmgsrae hut lagoon In the early sprlog 



trap by means of a supply of fresh 
water, which Is allowed to run through a sluice coo 
atrurted In the bank at the laejoon, and thence down a 
sloping isotform Into the KJord. He found that when 
the wlxbcd to dlschsrge a volume of water through the 
alnlce wiiltkleut to h«v* such au effect upon the »ur- 



tou etrong to allow the 
elvers to ascend the slope without aasisrancc. He there- 
fore constructed bands of twisted straw, which are 
attached to the sloping platform, and allowed to drift 
out Into the VJord. The elvers are able to wriggle 
along these bands, and by means of them to make their 
way up the slope into a specially constructed I 
which they are easily taken, and being 
transferred to tbe lagoon. By means of the trap, some 
30,000 elvers were Introduced in 190S, and In subsequent 
years tbe number bas varied from shout 00,1(00 to 1001} 



When, on the ether hand, Meisoo requires ripe, fulli- 
grovru eel 8 for the market, he again takes advantage 
of the natural InMluct of tbe mature eel to migrate 
toward salt water. Salt water from the Fjord Is 
pumped over the dam Into the {loud through hoxes v[o 
cully constructed for catching the eels, which, being 
sttrnctc.1 by tbe salt 
there trapped. By this i 
of eels have been caught tn a single night, nnd the pro- 
prietor can take ecta when be pleases. Iu 1»1S It was 
estimated that the weight of eels taken wan about 
Uvekmies. 
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The Parseval Airship Used by the German Army 

A Type of Non-Rigid Dirigible That has Proved u Success Abroad 



Witts the "ulr uulhsm" was Invented by (lie Mom- 
gather* null Charles. Ibe belief waa general thill the 
most dltlleull part uf the problem uf human flight was 
then salved, anil that It wuutd require bat slight addl- 
lluaa to the IhrUied ba$ tu make It n useful means of 
transportation. Hundred- of n-hmi™ mid attempt* 
were suggested tn supply the "alight addition*." How 
astonished one of these curly naif ' Improvers" would 
1m» If ha cnnkl *t*i Ins ilrenra etmie true ! 

Perhaps the luiisl practicul airship of our day la thr 
is-irsevnl, which lo truth may be culled a gas bate with 
alight addition*, The l'aracral alrahl]) owe* Ita great 
advantages pr**-l*cly tn Ibe fact that the Inventor did 
Hut alia at dealing something essentially different from 
a balsam, that lie Intended to preserve every single good 
and practical feature of Ibe ttttte-uollured -spherical." 
and txtul he strove fur his eoniiHiratlvely mud eat goal 
with no much Ingenuity. 

A sight out altogcthci iiufnnilllu r. woukl erect the 
eye of Paraevut's eighteenth is-ntury admirer. I'lrsr. be 
would be plea***! to learn that the aircraft of hi* own 
day, after reniuliilng exactly the aame for over a cen- 
tury, hud suddenly neen great leeblilcal Improvement at 
tlii* beginning of Ibe twentieth century. The gns retain 
Ink' uuiilltles, Uie strength and toughness, the lightness 
of tlie new ikiohlc ruhls>rlnsl and liitised hallnon cloth 



By Carl l)ien.stl»a<'li 

would be a revelation lo hlra Without thai fnhrln lite 
new airship would never have come lutu exist etase Hut 
what should otherwlae appear really novel to blla might 
only aeem aa If It were like u "touch" added bere and 
there, but the "touch" of a muster baud - comparable to 
the alight appllcntkm of Ibe bruah, by which great 
palutcra are known to have turned a pupil's work lulu 
an everlasting maaterplece. Thus the fundamental 
change from the spherical balloon — Ibe cloiigulisl gus 
bag— meana In the I'araeval an almost true "form of 
luiuimum resistance." Tula fact la due to Ibe very pro 
plttous circumstance* which favored the work or Major 
von i'araeval. 

It happened tluit the great Herman "N.rlety for the 
study of Motor Aeronautic*" was founded til the Initia- 
tive of the emperor at toe exact date that hi* Unit 
experimental alrahlp waa tested. Tbia organization 
counted niuoug Ita membera the moat prominent nuan- 
ciera and tbe ablest scientist* and cnglrss'rs of the 
fatherland. Major von Panwral'H work preHcail.v lav 
en in* live point annual which Ita endeavoro rrialalllxed. 

All Ita energies were noon concentrated on tbe im- 
provement of lila simple system, which waa justly rec- 
ognised lo promise Immediate success. After the inuilcl 
of Prof. Zahm'a aero dy inimical Latairatory In Washing- 
ton, the aiaiety liullt a lalH>riilory for nero-dyiininicul 



research at Uiwlliiigen, nnd put Prof. 1'randl of Ibe tJoet- 
llligeli t 'id vi ral I ) In charge. In a hbj Kabm wind tunnel 
tie* liosl abui** for Uie hull waa developed on tin uualcK 
tliua verifying tbe prediction of Prof. Woodward, pre*!- 
dent of the si. Louis Inlernutional Aeronautical Confer- 
ence, WW, that the result of Prut. Zabra'a and Prof. 
Nlpher'a work rointiliMsl ttli* latter on the distribution 
of wind pressure on structure*), Isdh submitted to that 
i-oiifcrcliro, would result III a foraj of least resistance 
fur tbe bull uf an alrahlp. Prof. Prntajl Investigated 
the pleasure by menus of small holes bored along tbe 
wbole surface uf bis modela aud ciwununlculiug with 
many interior compartments, which were altrrnali'lj 
connected to pressure gages. He waa thus enabled to 
draw accurate curves. The almost apnerleal front uf 
Hi,. »hui>' en.hod by Prof. Prandl would aeem must 
fainllbir lo the mull of Ibe eighteenth century. The 
big Halt-like sternly lug Qua at lla stern, no conspicuous 
by their simplicity, would he a surprise These are. 
Indeed, ibe principal contrlhutlona of lb* twentieth cen- 
tury to tbe old balloon. Invented by the lale CWu, 
Hcuatil as early » 1884. tbey remained a secret up tu 
IWft Tbe reason for Ibe specially eulcteut use to 
uliU-li they were put by Major von Paraevul la the fact 
Hint lie. Ill a wuy, had Independently reinvented them, 
Kvetl the rudder la so deftly hinged to these Hum that 
It hardly abows. Vet It baa an unuaually elBcJeul 
atuipe and isadttou. 

Tbe resemblance of the I^raeval to au ordinary 
spherical la due lo the fact that II was evolvrd BrOB 
a lalloun. Parseial llrat develoja'd an elongated cap 
live balloon that ciaikl be operated In heavy wlnda. In 
■ '■• ■'pcriillun with the lata t:n|M. von Klegafeld. he did 
tills au well that bla ao-ea1k>d "Drachen Ilalkn" I* 
IimU) introduced Into the military aerviee or niait 
Isiwera. To his alrablp It la almoal aa ekiaely related 
a* a glider U to an aeroplane, or a towing barge tu a 
■aaaaiar, It oiTenal two formidable prutilettis, atendylug 
II lu Ibe wind, and proiarrly suspending the car. To 
arrlre aC the nucleus of the IVraava] alralilp noltaitia; 
mure waa maaled Ihiiu lo moillfy ibe -iiracben Ualluu." 
The rouiMled, an usage ahataal aleady log bug of the 
"liraebeu llallon." wbuso exmwive drag pn^hlblli-d lla 
ixe us an airship, waa Ural turned Into three rect- 
angular hollow "liutlnwa" atlffened by Internal pres. 
«ure and part of Hi* balluun. The "Urarluui Itnllon'a" 
Ingenious nu»|a>n*li>n, flexible tu prevent ax caeal v« ruck- 
lug in tbe gnata, waa eually turned Into the famous 
I'araeval airship mm pension, which allowa a "car on 
wheela" to roll ahead or hack on steel rouea. with the 
air pressure ugutust th* gag bag. 

To these ingenious ilevleea the Paraeval alrahlp owes 
lla exlalence. Without them It would not be feasible tu 
sustiend the car low enough to dlatrlbute lla weight 
sulhclrofly over (he whole length of tbe hag to make It 
Isiuslhle to <H»|aMlae with any aort of a stiffening frame. 
Tbe ship would |rflcb an vkilcutly thai It could not be 
pro|. lied still thia very feature la a weak point of the 
"non-rlgld" system. Ita Inventor personally remarked 
to the writer, when conipllinented on the truly beautiful 
iilia-uranee of the "rigging-: "lla nlr resistance la 
something tu be reckoned with." The (feat earing of 
weight It is rmlts Is thus purtly ouTeet. A Purwval baa 
also nuni of the faults aa well na tbe virtue* or an ordi- 
nary iMlluun. while the purely rigid construction, aa 
Nprnetiti-d lij /cpia-lln, Ki'huelte, and otliers, alius at 
i umlng the aerostat Into a true -alilp." Their goal la 
Inltnltety higher, and therefore fundamentally entliled 
to a more lrtik-nl < rlilcl«in. Th* ample currying power 
ol a lion rigid airship makes Indeed a large Ptiras-riil 
llyaa Hi I lldng of amaxlug aolldlty. l'ur rBltMWHl ■» 

" ll *l rap« In the suspension haa the tlilckucsa of a 

iiian's anger. The stisd wire cables on which the cur 
!«Ui Imve the mm thk-knem. Th* ear. iletuclMHi. as lo 
six- Ml strength, looks airman, exactly like a "rn-uk" 
gasoline launch. 

fla boanl rloor, solid aa a Isait's deck. l« :gi feet |,ang 
iiimI over «l feel wide. The frame carrying I lie prvajwl- 
h-ra la maile of steel tuls-s aa thick aa a iiinii'a arm. Tbe 
center of .aich propeller i* .i^, ,0 f „, t nlH>rt , ,, |t . am)T 
of the car. uwl cacti la also slightly ucer 111 f„. t , , 
diameter Tli* width of each of the four rectnngniar 
HMfci 1, »light|y less than S feet The tattrftfag pro 
"ery lucomuifowiiM when at rest, and directly 
tlUaJM lo the car. a!<o lai-rea>e lite resrinblnlMf of tbe 
Piir-eval t.. 1111 ordinary ball.,,,,,, K,,ch propeller has a 
girder work huh or alccl. skillfully designed t„ w || b 

atajal sll ■NaTUgaj sins.»^ with a minima f material 

10 WUttl huh r.Hir clolb blades tire fastened n k ,. w | 

Digitized by Go< 




October 10, 1914 



SCIENTIFIC AMERICAN SUPPLEMENT No 2023 



**t1» 



ttmnv flag*. The blade* am miulit of two tannic ""Ire 
no I** wllti vram pleres of ntf-el, **t*rn Into a dontik 
la>rr of bi*av> balloon fabric. Major von Parsevnl 
explained to the writer (hat by correct!* proportion Inn 
■ l - ■ - weight of different part* of I be flexible blade to a 
Alven spend of rcrolutlon and a given pitch, rtny desired 
fi>rm of the blade could Iw obtained from cent rif tun I 
force act log against dw premre of propulsion, it bns 
Indeed been claimed that these blade* are more eftVleiit 
than aolld one*, hi the newest Purse 1'ul tlilpB thev are 
mads semi rigid J ust »t Iff enough t o preserve t bet r 
sbitpe when at rcsst — its a nutter of conrenirjtce. 

Tt*e Parsers! power plant has been bronchi to such 
ii urate of rvllahltlry that It should furnish a Attlnc 
model for any kind of aircraft. especially flying mn 
chine*. There are, of course, (wo motors. To Insure 
the highest possible economy when only one motor Is 
running there In a coupling itrraiureuetit by which two 
propeller* In tandem may be drtreu by either motor 
alone. The girder construction of the hubs has been 
fashioned into a mechanism that permits altertnc and 
eren reversing the pitch of the pwipeller* while they are 
runnlnK. This la done by a convenient bawl wheel at 
the side of the car. The pitch U always adjuttted to tbe 
most economical number of the motor's revolution*. 
With one motor driving both propellers tbe pitch is 
lowered until tbe propellers run quite an fast as with 
two motor*. 

The last reason for the striking reacmblnrtre of the 
rurwcral ulrshlp to an ordinary haHtsm Ih tbe abueoce 
of any horizontal rodders. Steering up and down. 1, 
lilting the keel, la effected by a principle similar lo that 
which rank** an ordinary balloon go down. Gas Is 
removed from tbe end to be lowered. It la not lost, but 
rely transferred to the opposite end. whose lift bt 
thus increased nt the same rate that the buoyancy of 
the other end 4a diminished- Thin ht done by means of 
Iwo air ha lionets (each with one eighth of tbe cubic 
capacity of the gas space! In the opposite ends of the 
envelope, a powerful blower, driven by a double belt 
from each motor, and larpp dlMtrlhutlng valves for the 
air Man*. All thin forma a njnilally nnbntantlHl and 
conaplcvnmn part of the machinery, and has been de- 
signed to stand rough usage. The blower Is carried In 
the propeller frame, some S feet above the floor of the 
car. The vertical air hose lending to the bag Is stiffened 
by strong wooden rlngn. The large dlstrlbntlng vnlves 
of aluminium are at the same time automatic anfety 
valves. Tfaey are w attached to tbe envelope that any 
execsfdre gas prcwire moeei a plunger and allows live 
nlr to escape. The gns pressure la relieved In thU man- 
ner as long as either tin lionet contains any air. If 
both see completely emptied they automatically pull the 
maneuvering gas valve on lop of the envelope open, an 
arrangement copied from the "I>racnea Ballon." There 
la considerable meclianlHin iivdde the gas bag which han 
never lieen described. This was sketched for the writer 
by Major von Paracvnl himself. In order to keep u 
certain amount of control over thn "eoDvulstona" of tbe 
1st lionets Inside while they swell or col la pee, a aerie* of 
cord* In fastened to their upper surface. They are 
united Into one rope that runn over a pulley suspended 
above either ballonet from the loner "celling'* of the 
gas bag. Thus tbe ballooets are made to swell and cot 
lapse more evenly. If excessive expandon of the gna by 
bent or height nhonld ever Hi|ueet» all nlr out of the 
tallonets this rope, under tension, would exert a mill 
strong enough to open the gas ralvc on top, A single 
cu* valve la thus made to serve aa both a maneuvering 
and a safety valve. The ralre stem 1* led through a 
staffing box In tbe bottom of the bag. Two ripping 
panels and cords, one at either end, are provided, aa In 
n spherical balloon. For tbe guldtil.ee of the pilot there 
are four pressure gnces. one for each nlr ballonet and 
one for each end of the gna space. They register In 
Centimeters of water, ami consist of II rubes of glass 
tilled with red liquid. Tbe front end of the car la cor 



. r.-.l by ii clmrt denk. A compass, designed by I*rof. 
Ma reuse, I* nuHpended over the idiot's bead, who rends 
the Inverted dial from below. A small vertical steering 
wheel ahaited like that of a ship is directly in front of 
the chart desk. The pressure cages mentioned are 
attached to the right 'gunwale" of the car, and the 
Lines controlling the distributing valves pass down 
from above also on Mlarhoard. Tbe compass may easily 
be taken down and with an Iron tripod attached to 
"ship Hbaiw" brums fittings sunk into the car's hoard 
door. This Is done for nautical measurements of the 
mih's jmsltion. There Is, of course. In addition to the 
usual tturogrupfa, barometer. stntosco|s> of tbe spherical 
balloon, also an nlr bubble to Indicate tbe "tilt-" The 
frame of the car Is made of steel tubes and T girders, 
covered wtlh wire netting and heavy canvas. A large 
cylindrical gasoline tank In a cloth casing serves ntt a 
hack to an elegant bench upholstered In red leather, 
running mum the car, and dividing it luto a "bridge" 
and "engine room." ThU bench accommodates six pas 



the ordinary round balloon. It has been Inflated In the 
open, and It can be landed, by valve and ripping cords, 
with safety, with disabled motor* in a storm There 
are many "handling n»i»cs." each with a series of Un**. 
citing a firmer grip. They bung down from the whole 
length of tbe bag. and are an Integral |sirt of tbe 
rigging. 

At Frankfort in 1B0Q, during tbe International Aero- 
nautic Kxposltlon, where the ship n tended, one of these 
dragging ropes colled around a man's legs and raised 
him Into the air like a feutber, although the balloon 
had no surplus lift. Thus the lifting power of the pro 
I tellers and the lilted hull was forcibly shown. The 
ship was always actually heavier than the air when It 
left the ground In a slanting direction. Coming down 
was harder than going up- Tbe cmnaiimptlon of fuel 
lightens the ship, nod It Is considered "unsportsman- 
like" to let om gas. Tbe low center of gravity, in spile 
of the flexible suspension, prerentsa tilt aa sharp as that 
of tbe "Zeppelin HI" which swoops down like a hawk. 
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sengrr*. For the |»llot ami hi* aide* there are camp 
choirs. The spacious engine rooni. with tho smart Iron 
railing nround tbp niotorH, ilirf. rs In iwi Mma* from (hut 
•f » tnint, rvon an to It* mlnutv rlmmlliMw*. Th« motore 
arc of tbe tJxolliidtr tj 1 w. oocn Kood for 120 Ivnr^e- 
IKjwtir inaxlimitii. Tlwy were ael«ct<*d otter a ovmiietl- 
tlon Hiul have never Ktvcn Irovtile. The radlatont, 
arrauired like an inverterl V, eUwe the ear In tile rear. 
Tbey are of aliimlnlnoi, very liniirwlnj;. each ahrrtit live 
fret Dqimre, but quite lljcht. Cooling U effertod by 
IMinverfiil Mower* wet In a CMttBC Theae anrefl.ll the 
Ma at evenly over the ahole radiating aurface. The 
motor* are cranked with the throttle almost eloaed and 
Ihe nrojiellera are llirown In by dutches. 

The rlKldnit L< lis elaborate anil idcturejaiuo aa that 
of a cllwicr k1iI|i. It rraa foaod that anythtnfc emild 
be attachi*d directly to the gait baft, to reinforcing 
"latriioa." winch doubled and trebled the thick Dees of 
Ihe c|r«lh- There Ih an "equatorial belt" carrying lite 
anapeiwlun, and there are utany other imtcben " nunw 
of thein aliaued like a alar, to hold a single rod. The 
ntatilllxlng fins are now made of steel frame* covered 
with cloth on both sides. Tbe "air mattress" Idea has 
been dropped, hut the clotb la still kept from fluttering 
hy allowing the wind to catch In a "mouth" and blow 
between the two layers. The tiller rope ends In a sleel 
band Ibnt fits around a large aeoil-drcular pulley fas 
lened lo the rodder. This Insure* precise action. The 
stabilizing planes are held In place by a very simple 
and strong arrangement of rods and Maya fastened to 
the envelope aa desert bed above. The suspensroo 
branches back nlih Innumerable "crows' feel" (Ihe 
original ones made of three loo pa of rota? each, sewn to 
Ihe equatorial licit ■ fmm many short hemp rupes Into 
fewer and fewer wire ropes. Everything Is nexlhle. All 
loofis are lined with fittings of aluminium or steel, 
allowing the rone* to slide with little friction and pre- 
venting excessive wear and lear. The ear, with four 
grooved wheels, roll* on twu strung Inclined cable* of 
twisted ateel wires, lulu wbk'h must of the branch rope* 
finally consolidate. At the same lime it swings like a 
pendulum with parallel motion from six vertical ropes. 

A Parscvar* handling Is nearly as simple as that of 



The "I'arscval IM" must "screw itself down" in many 
spirals, trn one <sTaslon, In bright sunshine, It could 
not come down nt all. much to everybody's amusement. 

At Frankfort, where the Paraeval system was perma- 
nently represented by Its largest aud mint serviceable 
type < 6,900 culilc meter*, or 233,071) cu blc feet, displace- 
ment) comparison wllh the "Zeppelin II" and "Zeppelin 
III" by visitors at the i-xposliUin could easily ho made. 

The virtues of the l'nr>eval system are so obvious 
and simple that they run Is? easily understood from 
theory. With the Zefuiellii ayslein It bus been mostly 
resolta that counted wllb the public Like Ihe Wright 
dyer among aerufilane*. Ihe Zeppelin among airships has 
guile furthest and fastest wllb Ibe lowest power and 
the least consumption of giLsollue and ulL It has lived 
through thn change from night to day and day to night 
and morning again In a sluglo trip without stopping. It 
la well known how much less gna these change* In tem- 
perature and height would hare meant for an airship 
made like an ordinary balloon. BtilL comimred to tbe 
l*»raevul. which may be said to have practically reached 
Ihe pinnacle of It* development, thn Zeppelin* may nut 
have half realised a* yet the Inherent iidvanrngcs of a 
rigid constntctlon. They had to pny the full toll for 
their "extravagant" mode of handling, but did not nearly 
enjoy the full recompense. Tbe I'arscval is the airship 
of to-day, the Zeppelin thai of the fulure. 

The fundamental difference between the two systems 
may be slated thus: The Parscval, with It* sharp duv 
llnction between "enr" and "hulloon," always remains a 
"nnlt," more or lc*s. A Zeppelin, In larger slxea, be- 
ciHJics purely a rnnsloaiemtton. A Zeppelin's weight, 
therefore Increases at a lower rale than Its lift. The 
"iKHatschland" poinls ihe way to the giants of the 
fulure. with do cars, but a continuous "bold" and the 
loud everywhere directly under the gas that lifts It A 
Zcpitclln may also have an "upper deck." It la there 
already : for on the uprjerrnoat "stroke" a man may now 
safely walk from end to cod afler having ascended 
through tbe hull. A few thlu hoard* and a light alu- 
minium railing will complete II. 

The raraeval ship* at present are built In the dimen- 
sion* given In the table. 



The Rumpler Military Monoplane* 

Kvr.iiTo*t knowB the tenacity of purpose shown hy 
ilrrninny In the creation of her aerial fleet, which she 
claims to be the finest In tbe world. This claim u> Justi- 
fied In regard to unity of method, excellence of organi- 
sation, and number of veaacbs but not, at present, by 
the value of each vesacL 

I any at present beeanse Oennany has not mnftned 
her construction to a particular type, hot Is now In her 
third period of evolution in aviation. 

At first her prlnci|*l machine*, the only ones able fa) 
accomplish a row timid flight-, came from French work- 
ahops. cither laxllly and hy devious way*, ... . 
of plan* obtained by method* which may be . 

The second fwrlod was more honorable. Tbe Ge«.. 

aeroplane* detained from their French protrityi*.-* and 

•Trinslsted from n«arl xftroart's artksi tn /.Ucr*»»U», 
Augoat 1, 1*14. 



assumed tin Individual character whicb was first clearly 
marked In tbe famons "1'aiihe." 
This type possesses undeniable merits, but It Is not 




Fig- I. ^"Mirnv.-d Kumplrr "Tanbe" military 
monoplane. 'It model. The pilot, Uaarkogd, 
is standing Oil He wing. 



fn-e from ib-fect*. and Its perfornUDiv* hi other coun- 
tries, especially rrance and England, have led to Its 
misll heat Ions In f^rmany. This la tbe third period. 

The progress accuwidlBhed In Germany was shown in 
Ibe last nerinl maneuvers, bul I will add rhc statement 
that tbe German army will laaisrss nearly 1,000 aero- 
planes at the end of the year 1914. Some of these are 
of the Rnmpter type, which Is here described. 

The body, or fuselage, la tnt|«itoldal In section, and 
U composed of four longitudinal members, connected by 
uprights and traverses, and stiffened by stnya of piano 
wire. It rise* toward the bow, where a strong frame, 
resting on inclined stmts attached to the nnder carriage, 
support* tile motor. The how, including the pilot's com- 
partment. Is covered with sheet aluminium. The rest 
of the body, which tapers toward tbe stern. I* covered 
with canvn*. 

The wings, like tboae of the "Tnubc." have nearly the 
form of pigeons' wings. In tbe original Rumpler type. 
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the wliii is supported principally by h truss, Ibe bottom the front and roar beams of the wine frame. The rllw 
chord •ud uprtcbts <if which lire visible In the diagram of the rlrld pert of Ibc wing are nondc of uh. the flex- 
trig- 2). Addtlhinal support Is given to tbe wing by IWe I l|»w.f rordisl bamboo The wings are stiffened by 




Fig. 2. — The Rampler monoplane. Original model with flexible wing tips. 

A, win; D. toxlMr tip; r. foschurc . II, catanc; B, novife; »', Smii.Ii- r.<ir psrt »» wins; <>*, ruiMrr; ». propeller: A*, 
best, l„ slid; *. bk4«c; J». rsdlshw; I-. paM j <-. ps.wnsor : 0. tlcrlt* elerstor; Jr. Utolloi suwel.; K. foot 

UIM-; V. axle ol limits* Her; I/, wing In,..: r. 



Interlacing wire* and by stays attached to tile cabane 
above and the nndcrcnrrlago below. 

The general stability of (ho machine la assured by 
I be form ami tbe flexibility of the wings. In Ibc orlg 
tnnl Rumpler type tbla stability Involves a certain slug- 
gnahncss of control. We aball see, presently, bow tbla 
defect bn* been removed. 

Tbe lateral Mobility In intrusted to Uie flexible wing 
tips. For tills purpose each tip U attached to a wire, 
and these wires terminate In a "gooso-foot"' pivoted to 



Is assured by a fixed trl- 
angular horizontal plane, prolonged to form a flexible 
tall, which Is attaebnd and flexed similarly to the wing 
tins. The vertical rudder U double, and tnms an a 
stern-post at tbe extremity of the body. 
The lauding tear Is very strong; and the fuselage 



by two pairs of inclined struts, of which the front pair 
supports the motor and tba rear pair supports the rear 
end of the body. The two wheels torn froely on a fixed 
axle, provided with springs. The after part of tbe ma- 
chlue Is supported, when on tbe ground, by ft skid pro- 
vided with springs Bud with a brake-aboe, under the 
control of the pilot. 

Warping is effected by turning a wheel, elevation and 
depression by moving a lernr backward and forward, 
horizontal steering by moving tbe tiros 1 transverse foot 
bar. Tbe propeller la coupled directly to a Hied Mercedes 



le imasetuter's seat, and tbe 
placed on each side of the fuseUga. 

The sluggishness of control exhibited by this original 
Rnmpler type Is remedied In the new model (Fig IK 
In which the wings themselves are not flexible. They 
bave flexible tips, or ailerons, bosevcr. Furthermore, 



ad* with heavy I-beam longi- 
tudinals, such as are used In most monoplanes. 

Tbe results obtained by these Improvements are very 
satisfactory, as was proved In I.lunekcgel's attempt to 
surpass tbe record of height. Tbe new type has greater 
horltonla! and ascensional speed than the oM one, and 

T I of the < 



Coal Tar Products in Medical Use 

A Review of the Important Developments of an Extensive Class of Compounds 



Tttssr has boon a good deal of discussion, during these 
days of tbe European war. rugardutg the eoal tar product 



Uhing condition In Germany. Tbe nutter of Interest has 
perhaps been taken up by the dyestuffs industry, which 
has received Its share of attention by us on another pagv. 
Another phase of tbe eoal tar industry, tbe application 
for medical purposes of various products derived from 
the dry-dislillatiou of coal and allied substances, is dis- 
cussed by Dr. Geurg Wolff in the German periodical 
Tiekaitckt Mrmatthrjte. 

Tho writer points out that the important developments 
in the medical employment of eoal tar products date from 
the time of the discovery of antiseptic and aseptic 
methods in medicine and surgery, with which the i 
of IJstcr and Pasteur are so gloriously linked, 
among tho coal tar distillate* are found some of the chief 
of our modem antiseptics and disinfectants. Perhaps tbe 
first substance of this cisas which occurs to the mind of 
the layman is carbolic acid, or as it is called in more 
strictly technical language, phenol. Tt may he well to 
gi»« lite reader some idea of the general type which 
cliaraet.Tti** from a chemical point of view, a numerous 
class is* substances derived from coal tar. nnd known to 
the chemiai as aromatic or Itettwuo compounds. Phenol 
is a typical example of this class, being very elisudy re- 
lated to the fiindsmcnUd substance, henxenc. This 
latter i* a compound of carbon and hydrogen, vuntaining 
fit aloiiih of each in the molecule, so that its formula 
Cille For reasons ahich cannot be cxi>lait»cd here, the 
chemist ritcnrds Uu* six carlsin atoms of this molecule 
as being linked together in the form <if a hexagon, each 
carlion atom having a hydrogen atom attached to it 
sftor Ibe manner shown below. 
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Ksi-b of tie' hydrogen litems i* capable of being re- 
placed by a great variety of eJemenU or combination •** 
clement'*, and tlius a tvl uumhor of so-called henxcue 
derivatives are obtained. One of tho simplest of 



is phenol or carbolic acid already mentioned. Tt differs 
from benseno in thai one of tbe hydrogen atoms is re- 
planed by the hydroxy! or Oil group, which is formed 
of one atom of oxygen and ono atom of hydrogen. There 
are also substances known as ercaols. which contain, in 
addition to the hydroxyl group, tbn so-called m*th*t 
group. CH». There am thrco of these, as the hydroxyl 
and methyl groups may bo attached to adjacent carbon 
atoms in the Hexagonal henxron nucleus, or two alternate, 
carbon atoms, or yet again to two diametrically situated 
carina atoms- These three croaols are distinguished in 
chemical terminology as respectively ortho, mete, and 
para eiwols. Wo shall bave occasion to refer to them 
strain later. 

A. regard, eoal tar it-elf. Dr. Wolff remarks that this 
i not, to-day, find much urn in mndinao. Ho goes on 
to say ; "'tjomewhat more generally employed are certain 
kinds of wood tar made by tbe dry distillation of the 
wxxsl of juniper, beech, birch and Or. While coal tar is 
alkaline En reaction owing to the presence of ammonia 
and allied bases, the wood tars are acid ia reaction, owing 
to the presence of acetic (pyroligoeous) acid and its 
allies. These wood tars are also rich in phenols am) aro- 
matic ItydroearhoBs. Wood tan have long been used in 
treating skin diseases. Of recent years they have largely 
been displaced by coal tar products, such a* napfathene, 

will be said presently. There is still a third kind of tar, 
which in the past has found use in medicine, namely so- 
called animal tar, prepared by distilling various waste 
products such as bones, horns, hoofs, etc. This highly 
maliMtorous product used to be prescribed as a remedy 
for asthma. Fortunately, better and leas repulsive 
medicaments are known to modern medicine. 

"A distant relative of animal tar is tho ichthyol of 
which mention baa just been made. This U obtained 
by the dry distillation of bituminous shale containing 
fowil tlsh remains. Tbe ammonium salt of Ihn oil, site* 
irontmont with sulphuric acid, contains 10 per cent of 
sulphur and ia much valued in com hating such skin dis- 
orders as ecxecua. Now tho foasQtferout shales aru un- 
fortunately scarce and efforts have therefore been made 
to jievpnre an artiltcial substitute fur ichthyol. My 
tug citul tar products with sulphur at a high lesr^ cature 
the sulTtlance known as thiol fa obtained which has 
use as iehthy--. T 



soaps owe their efficacy partly to the disinfecting qualities 
of the tar, and partly to its property of causing the skin 



action which relieves Itching." 

Passing from the consideration of the comparatively 
crude coal tar products. Dr. WoKf then goes on to the 
discuadon of a class of definite chemical compounds, 
some of which arc isolated from coal tar by distillation, 
while others are pruparcd by definite chemical prooensoa 

•' Among these are the f 
such substances as salicylic acid, t 
As regards the action of these upon the human organism, 
certain general statements can he made. Tbny are anti- 
septic, as already noted, that is to say. they land to arrest 
the growth of bacteria, and what is mnrn important, they 
have this effect upon bacteria without at the same time 
equally injuring the human organ bun. Tbey are also 
antipyretic, that is to say they reduce tho temperature 
in fever oases. This is especially true of salicylie acid. 
A peculiarity of tho benzene derivatives which contain 
the hexagonal nucleus spokoo of above, is that they pass 
through the body with that noelaiis unbroken, that Is to 
say they are rot, like moat carbon compounds taken in 



with the food f<w example, oxidixed completely to carbon 
dioxide and water. 1 1 

"Tirnxene itself, tho parent substance of the aromatic 
compounds, finds little use in medicine. Its near ally, 
naphthalene, which i* built up of two hexagonal mirks 
linked together, has the peculiarity of being highly pot- 
sonmis for lower anUnaK while bring comparatively 
harmless to man. For this reason it is a famihar house- 
hold remedy against (ndecta, moths, etc., and has also a 
field of usefulness In medicine In dealing with parasitic 



"The simplest phenol, that known in tho trade as car- 
bolic- acid. Is not now used quite as extensively ss in 
former days. It used to be the regular standby of tbe 
physician in the operating room. While its use for ap- 
plication* of this character has not ceased entirely, it 
wis find a Its principal employment fn» cruder purposes 
of djrinfectton. and the cresols have in a measure sup- 
■■' .-%» jrticnol as an antiseptic. 

M Among the crcsol preparations, a drug known as 
t.ysnl is particularly valuable. It is made from equal 
parts of cresols and soft potash soap. The aildition of 
' serve* Ibc purpose of making the e 
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soluble ill waUir. Without such addition tbey aro only 
Vf-ry slightly soluble- The erwots. which differ from 
I>Iii<iiii| by tli-i addition of u id.'tlivi or C'Hi group, as has 
l*s-n cx]>Uiiiod above, have the advantage uf betiig some- 
what strcingc-r aati»cpti"s, and at the same lime less 
leilaonuus than plniejl*. Ncvcrtlwlesi they are not en- 
tirely iion-isjisotiuii*. and unfortunately ■•nodi arc on 
record of Lysol having been uwsl by suiciitc*. 

*'Tberv aru also phenols containing two or more OH 
groups attached ui tlic benzene nucleus. Thus, for in- 
stance, the welt-known photographic developer hydro- 
quinone i« is.ra-hydruxyhcnr.enc, that is to »y it is 
<l<fiv«l from benr-cnc by the substitution of two dia- 
metrically o|>ik»»0 li>fln»xyl croups in the hexagonal 
noflvMA. Thip muI.i. Utti'-c m not used in medicine, but its 
rln^t ally n-X'ifrinul. tin* ci«rc.**poiclinir ineU-'-oiniiouud, 
m moiiI ill tlvu troatJii-uit of *kin dwiwes owing b> it* 
solvent action upon the skin. Atwlher drug mod for 
similar pur|»*« t» tlw trl-bydr*)\y-b*u;viie known as 
Pi n scull. i| or pyrogaHle acid to photographer* The 
hydroxy comiiouud of naphthalene al-u, itaphthol, i* 
u-*«l as » modl«un«il for liiu skin. To be qiulo ox*et 
Uoee are tao naplilhuU, distinguished ax alpli* and beta 
tmidilhsil, which differ lu the position of the hydroxy 
group in the naphthalene nucleus, and oidy the Utter of 
tli> He two lirnla bxecbcai ap;iLica tlon. It luw to be uses! 
with some caution as it has a peculiar pro|>er.y of being 
very reality absorbed by til'.. skin, aod ti uasd lu too targe 



dcnca it U apt to unfavorably affo''l the kidneys. 

"Another Important tar product is crcoiole, whieh i< 
not a single chemical individual, but consists chiefly of 
guuiucol and ereosol, isunpound* of rather in TO cum. 
plicated structure than the phenols. Creosote rc-senihlos 
in it* action the phenols, but hiui been found adapted to 
internal ui*. and form* rain of the stock remedies in the 
ircalmeut of isinsumptioiu It was at first HUppomnl tbut 
it eAAtrtod tfoius* dcrroc of Krrmleidal action upim the 
tlllierohi baeilli. This view- is hardly held by any author- 
ity to-day. although erts*iote doc* st^m to ewreiw benr- 
fieial wuon in ••x<e* of tub>s-viilinu, probably owuir to 
siivndar>' <?au.si*. 

"(X the simple a"ids el.wely aMwsl to benxene »o nuiy 
ni. niion three us of m.'dieul itnt>orUiius... li..|uolr wid. 
*iriii-liirally itie niinplest of nil aroitiatie ivids, ussst u* 
he leliuiiit-l. n.l in iwh of goot. This u-.. i» |>nirti.-=ill> 
dimsintinuwl at tlu> pr»«eot <lay, and l*ni<)ie »eid is now 
pnwrilxvl ouly ns an etiH*'tor«nt in l<nn^ liiftl ••nUtrrhs 
and similar afftsrlioic. 

".V more eoinplii-ated aekd Is ^innnmie a*-id. Hwely 
allied to the eliara*l*risu<. mi.twllf.ul of eimumi.)n. Uf 
lute, tl.l, Iuh been |w»srrlbe<l against consuraption. It 
n ul«o the o«entl»J lmtrodl«ul of Peru balsam whi.-li t, 
usesl in oout«udini; with aoiue very dlsajTreenhU* sklu 
IHiranitiM. 

"Tlte most linpiirtunt, however, of the simpler n^id 
derivatives of benxene is sulicylio aeid. whlrli ia eloeely 



rt-latoil to bena»c urid, cblTcrinK from it by thn presence 
of a hydroxy! |rrou|> uttai^bisl to tile benxenn nurlc^iu. 
Sufieytje aetd owns it* nitine to tbe sourer from whieh it 
waa first ilertviMl, namely willow lark, the Lnttn nunc 
for willon- hcinir tnli t. WUlow Isxrk lias Iss-n kni>wn from 
antiquity aa a fehnfuRe rtalieyli.. a.'i<l has tllTO- mtsli- 
cally useful proin rtiw. Like nu»l of the eompounds of its 
class it is antiseptic in its property, and lowers tbe IsKly 
tempcraturo. In addition to this it lias been found u 
very excellent druK for the treatment of acute rheuiniitism 
of the joints. By combination with oilier subilanceii. 
salicylic acid lias hisin made the sourc«. of numerous other 
products, of wtuV.li only one or two shall 1»c inentiom-sl 
hern. The substance known as xakil is a combination of 
salieylii' acid with phenol. A .suuiyjund of salicylic acid 
with acetic acid is known or asperin. a household remtsly 
f.*r lieosLaehen, rheuinutic jains, ct«'."' 

KulloaiuE Dr, Wolff, we ha*c In-r.. uken a brief survey 
only of soimi of the simpler eoal tar prxlm t* which have 
found a tuju-e in the doctor's medi' irie chest, Til*' in- 
dustry of synthetic lllcdicinfi has in re«*"iit years les-u 
develo|>wl with irnait skill and with much guoces'. To 
Kivu an ad«iuat«' pr\nentation of what luts I urn a»siom- 
pnshed in this fu'ld would, however, require th.. Intn^ 
dufltioa of eomplieated formulas and uncouth Us*haieaJ 
terms- aueb as delitrlit the onruniii flwunNt. We stiall 
therefore rent content with this Bltrvey of tile slnt|>ln' 
coal tar products cmployc4 in mislicins 1 . 



Honoring Napier 

Ox Joly Wth a rrlcbrnUwi was held at Bdlnbureh In 
lioiwr of John Napier, the Inventor of logarlUinis, and 
the fellowliiic notes on the occasion, and from tbe re- 
mnrlui of the speakers, arc fruui u recent Issue of 
Engineering. Londno. 

Thmi hnndrrd years ami Uirrr a|iprareil n niunlt 
quarto vcJnme. "illrlflrl Utcnrithinorura Canotils He- 
sertprlo." whow Influence upon the development of 
tnittbemstlcg It Is difficult to overestimate. It wta the 
first set of logarithm tables, awl was tlic evidence of a 
new thoueht and a new power, destined to revolution 
Ue arttbmntlrji] calcnuitUinsL 

of towrlthnw, he uevtsed au nrtllk* that with aeeumcy 
and facility solves a iiuintier of problems tbut previ 
ously eoald be dealt with only by the exiieoaJtiire of 
much time mid the cumbrous method of simple nrltb 
metlc. It was a erpnt nchlevenrient, ooly possible to » 
liri.fonnd thinker; but It U »»j «t»y <o toro up a talde 
of Hanrfthais tint we foneet the labor Involved In 
roraiiDE the first. We appreciate as little the Industry 
mid patierjec needed na vre do the ctcarBftac of thtlik- 
buic and the tralnlnj; nspilrnl to take a new step In a 
direction hi which Uirre are no pioneer*. 

Though logarithms (Inure nw*tly ns nu Instrument 
for facllltatlnit culeuliitlou, that la nut tlie form In which 
to the Inventor. A far 
ts ntteJitlrm. He 
aoacht to detcnsilnn the motion of a point which moved 
In n strnlnht line with varying velocity, the velocity 
being proportional to the distance of tbe moving iwint 
from a given point. He asked what was the length of 
the Hoe mewed oi er in each ease In equal lnrrcoiriits of 
time, and In that wny was led to perceive tlwj relation 



metlv nrogreaxlon, the other In geometric. Inrabtlcsa 
to Nnpler there anieunsl no other wuy of anprnaehtng 
tile nublect. But Ulere are widely different methods 
or arriving at the name truths; f..r In niuthemutli^, 
more often than In other br«nc1ie» of siienee. It lius 
been shown tlwt rcnults which seemed so remote and 
concealed thnt they eoulj only be sue. insfally attacked 
III a certaUl dlrectloiL prove to be singularly simple 
Vflien viewed from another !ctajidpoltit. 
The iirtnelpal address was made by Ih>jcI Mouttisa, 

himself In his remorks rather to an aualysU of Napier 
and bl» metlicsla. Every fact known about Kapler, 
said I/'-nl Moulton. hs'l become <>ommonpLace. Tliev 
were all aware when he was born ami when be died : 
that he wrote at length on the Apocalypse: that he 
was ssispecte.1 of trotnclltiR In bbn-K magic, etc. What 
was known left tbe man very Imperfectly disclosed, bat 
sullkysl to show hun strong and self reliant of solitary 
hnbita, and of profound aral untiring Industry. 

There was. however, one nxjiect, ns It aiajieared to 
l-Aird Moultnn. In which he might perhaps find some- 
thing to contribute, even though It idiould prove hut 
a widow - * mite. The Invention i>f logarithms came on 
tlw world as a bolt from the blue No previous work 
had led up to It; nothing had foreshadowed It or 
heralded Its arrival. Mil Mils conic as a revelatimi to 
Kapler, bursting »|h«i him n» a light fnsai heaven, or 
was If tlie re-ilU yif a s-lmv growth, the erldenci's of 
which were now obliicmicil* The nndouhfed fact Is 
tliat Napier worked for snme twenty years at logarithms 
he puhllshssl nts first book relating I 



It must hare been a alow and gradual evolutSou, even 
though that which rcmalnon furnished so few traces of 
the earlier efforts Was it then posatble from the rs«-- 
ordn left, and out of the cfmiavlaiiceti of the time, to 
read the history of this evolution, tu 
process of dlai-ovcry tiy deciphering the 
records of this grou'lhV If was In this direction that 
something of Interest might Is? fotind, 

f->rtl M<iulton then proewsled to dlscnp« the question. 
What set N'nider to work en the Hues lie did. arelng 
tbut there was no antecedent work to suggest a idau. 
and to Indicate what were pnaSably the different stages 
of the discovery? It was urged with Increasing prob- 
ability that Napier, seeing tlnvt trigonometrical table* 
enables n product to be found without actual iiniltli^l- 
• ution, coticclved tbe idtsl 4if cirtlstruetlng s|vrlal tables 
which would do the saiae n i^rk In a more thorough and 
exiHsltttous manner; It was isroliable that originally 

tlpllmtlon by a factor near to unity, no that onrh multi- 
plication reduced, very slightly, the nuinlier o|iernteil 
uiHiti, and that the word "logarithm," slgidfylug "the 
uumbtT of the ratio." lireserred tluit Ichsl. In the sec- 
ond stage of the dUtvivcr}*. tlie nottoo of multiplying 
by a factor gradually gave way to tbe tdoa or taking 
an aliquot i»rt from the niunbvr arHv.sl at by tl>e !>».>- 
etsllng oisratloii. and that this thought led Nupter to 
|iass from the Wea of figures to the geueaetrieal reiire- 
scntation of the quantity by a Hue. and to Ami tluit his 
relocated operations were perfectly repeated by cutting 
off the oaine fraction of the same diminished leagth. 
Further, that at this stage Napier took Ibe simple and 
obvintu atep which ultimately proved of momentoua Im- 
portance, <xau|dethig hut discovery, and putUng him In 
a rxadtlon to coumecicc the cniculntton of tahleji. 

Amdher s|s>nker who aditresaed the meeting was. t)r. 
J. W. I. GlaMier, who couteoded that, as a iwoduct 
of the time, the 

mind was Utile short uf marvelous, 
tlon such as they had now to guide btm, and hi mathe- 
matical development a good notation was of primary 
lia|*iriuiice. An regards arithmetic notation. It would 
aisjH'ur that Napier wins the first to u>*e tbe "point" 
la expressing d<s'lmal fractions, a notation far superior 
to thnt devised by Ktevtuus, and widely used even In 
Nader s ilay. Tlie mots- they exambied U« method of 
Nnpler tlie more were they Impressed by his greatness. 

I'rof. rhurerip Mmlth of New York read a paper on 
Tlie Ijiw of BxiMjiieiit*." as illostrahsl In tlte works of 
tlie XVI century. Tbe nature of the geometrical pro- 
greaslon and Ha corresisjndelice with a parallel arlth- 
«s traced through the work* of Ohn- 
list, ami Kncllilns, 14<H>, to the writings of llns. 
f ..nr. lr.JT., and Stirel. 1S44, to tboae of a Inter date. 
It was this line of development which Influenced Burgl. 
vrlio-c "Pregrcsa Tabulen" contalrjed what was an antl- 
logartthmle table. The Importance of these arithmetical 
reliitlnnshlps. dearly com?elved by the Teutcaiic school, 
was reoognhted by QinUn. Those relationships ap- 
iwcsteh »o cloMy tbe Idea ..f the logarithm, that It was 
a cause for wonder that tbe works of Napier ami Mrlggs 



Deflections of (he Plumb 
Northern India 

l irrru tioxs, nf tbe plnmb line of a remarkable char 
iieler have licen dlscoiered at isilnts near tlic smitlicm 
Is.nler of tl 



It 1>, Oldham In the ltoynl Society rrmcdtngi and the 
geological structure of the region La dlsciuowd. The 
known gisaletlc facta are Unit along the sriuthsru edge 
of the HimalayiiB very blrh northerly deflections, 
amounting to about 10 seemals of arc. are found, which 
rapidly decrease In a southerly direction by ahuut ;»1 
seconds In as many miles, after which they become 
much more gradual- Northerly atwi there Is a decreass-. 
though not so rapid as to tbe south, rlurrartTa hypnlh- 
csLs, tu explanation of theue facts. Is the exlsfence of a 
belt of dctldcDt dciLslty, of eooslderutde ileptb, but of 
no gr.sit width, along tbe southern edge of the lllmn 
biya* As thl» rlfr to on a «e-ale of magnitude far lu 
cvcesH of aiiyililug fur which there Is geological prece- 
dent, the author lias l«en hsl to Investigate whether 
some other explanation was possible more In ncoordatici. 
with geological ohnervatlooa. The gt-ologlnil structure 
is as follows : Along the wiutbcrn edge there Is a great 
fault separating tbe older rock, of the range from the 
utiper tertian'. Slwallk beds, which XlcdUcett showed 
to have been formed under eondltloiw. similar to tluasi 
uf tbe recent uVpcvlta In the Oangetlc ilepreaslon. and 
to be Ibe lower, murglual depoalls of the saute contln- 
uoua formation, of which the Oangetic alluiluni forms 
tlie upiiermost members. The depth of this formation 
along the northern mnrgtu la certainly great, nowhere 
less than 10,0t» feet, and po»-lbly .lO.fluft fis-t Id places. 
tKi tbe southern margin the tlitrkncsA Ls small, and the 
deposit thins out over an old taud Mirfaoe of rw*. He- 
tween tlnne two limits It b> nalurnl to Mipiswe that the 
ikirUi of the alluvium decrease!, gradually from l«.rtb 
to south, and Us menu density baa been taken at 2.1. 
the mean dneuttty of the rock forming the allies and 
floor of Ibn dcnrcHslon being about i.7. It Is the effect 
of this large linlk of material, having a demdty of only 
aliont seven ninths of tbe average density of surface 
rock, which lias ueeo Investigated The method adopted 
.hi Mid ford's aj stem of ctunpartmeuts. the 
iiskuuiciI to run eiurt and west, vrllh the 
deep vide on tbe north, and divided into belts of ten 
miles wide, rnnntng parallel to the margins. In each of 
which the depth win* nssnnied to be uniform and equal 
to the mean depth of the belt. The data oJitalued are 
subjectisl t" the neotwiry curmrf Iuiih, and the general 
conclusions to be drawn appear twofold- 411 that tbe 
local dellecllona of the plumb-line, produced by under- 
ground to|<ogriiphy. along the region bordering the 
southern margin of the Himalayas, are of such magnl- 
tnile ns ro make the observations, at stations situated 
la that region, of small geodetic value, nnleaa allow- 
ance Is made for the Invisible, as well as the vMble, 
topography : and (21 that there la no geodetic JmrUflrm. 
tlon for the u*sumptlon of the existence of a deep nnd 
narrow rift, filled with matiTinl of li*ssw density than 
the rock on either side, or for nay modification of the 
ileducrlnns, regarding the form or the floor of the «ai>- 
gi'tlc rtVpreoftlon. which have ls>en drawn from geological 
■ .Imcrratlon. 

Agronomic tnssilule. — The National Agroiunnio Insti- 
tute uf France, whieh is lucnU-d at l'aris In the University 
quarter, is at jsresetit In a nourishing condition, this lieing 
evidencrvl by the eonsideruMc extension which i» being 
111-i.le to lli.-- building, and it will !*• at least doubled in 
s|iaoe. The new iHwttoli is I X|Ss.t.sl to In- e/iinph leil In 
the near fiitun-, anil like tlie former it will house various 
lalsiratories and other quarters connected witli agronomic 
work. I'rof. M<«naid. an eminent <ek-uilst. i^ » c present 



hf at the hcesl of the instiluUoii. 
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The Physiological Standardization of Drugs 

How the Strength of Drugs is Determined and the Projier Dose Found 



It U a «-uHfius fact tluit. to the average person, nil 
medicinal agent* are shrouded in a vi*il of mystery . Tale 
the t«mi "dmr." for example, anil it unconsciously brings 
to the lay mind the childhood conception of the aioimer- 
intr pot in the deep wood filled with strange ruutH and 
herns, and attended by the witch with her peaked hat 
and eroolcoil staff. Only to auch hardy adventurers as 
the physician and tha pharmacist has been left the ia«ic 
ol penetrating thin ma». The ordinary mortal is content 
to escape by heroically taking doses of bitter-tasting 
"medicine*" in hie Uineae, or stoically submitting to hypo- 
dermic injections, regardless of the origin or laluc of 
the material employed. 

Fortunately, science doe* not share in thin attitude. 
Careful investigation ha* not only succeeded in establish- 
ing the composition and therajiesitlc action of many 
drugs, but has net up certain standards of aetmty to 
which they must conform. The modern physician no 
longer prescribe* drag*, trusting to good fortune thut 
tiny contain • rsqui-jtc amount of active principle. 
These hate all I «■.•!> aeniiyed in the laboratory by their 
act on te-t animals with a degree of delicacy far sur- 
IMMOfig the miwt refined chemical or physical means. 
VYIo ii it i. .-..n-idercd that O.0O0O2 gramme of the active 
isrineiple of Strophanthus seed* will cans., the death of 



By Ix-wis Davis, M. S. 

a teet frog weighing one million limes that amount (20 
grammee), the extreme srsutiliveueas required of a suitable 
method of standardization i* readily apparent In fact, 
chemical method* of testing are not only by far incapable 
of such extreme delicacy, hut are more usually of no 
value. 

It might he well to ask, what are these sulssUnces — 
drugs— which are ao highly potent in their effects? A 
popular definition of a "drug" might he given as any 
substance— animal, vegetable, or mineral —used in the 
preparation of medicine, or in the enre of disease This 
irould include chemicals, the alkaloids, vaeeinea, scrums, 
certain gland produeta, and dually, those plant substance* 
of undetermined chemical nature which are capable, 
upon introduction into the body, of producing eertain 
distinct effects. Properly speaking, it is these last two 
produeta— the gland materials and plant derivative* • 
which should he designated as "drugs." 

While tho plant derivatives, particularly the heart 
tonics, have been known to the scientific world for de- 
cades, our knowledge of the gland produeta and their 
aetiona has ail come to ua within the past fifteen years. 
Two of these, in particular, command our attention - 
product* from the suprarenal gland and those from the 
pituitary gland. 



Surmounting each kidney usually, or lying very dose 
to it. we find the right and left adrenal glands, the latter 
being usually the larger. They differ ill shape from e«c 
other, and the right capsule having a flattened triangular 
form, the left a crescent shape. Then; are also variations 
from these form*. In the human they weigh about four 
gramme* and are nearly as large at birth as in adult life. 
In color they are dark red, or sometime* yellowish rod. 
One or both capsule* may be absent, although* this is 
rarely the case. 

The gland* are smaller in advanced age, and it ia said 
that negroes have larger one* than Caucasian*, which 
fact no doubt bears some relation to the pigmentation 
of the skin. 

When sectioned, they are seen to consist principally 
is? two parts, an outer firm portion (cnetieal). and an 
inner 'medullary > part which is soft and pulpy. These 
parts are usually quite definitely marked, hut it Is difficult 
to separate them perfectly since they are iniare or lew 
elosrfy "dove-tailed" into each other. 

Removal of the suprarenal Isodie* in animals is speedily 
followed by symptoms of extreme muscular prostrntiun 
and within a few days hy death. For years a puxxle to 
the physiohsfist and physician, it came as a surprising 
discovery that some of the constituent* of the suprarenal 




l ig. 10.— Tracings obtained with kymegraphioa of Klg. 2 in testing unknown aamplrs. 
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Pig. 4. — l>o It shoeing characteristic 
intoxication sf raaasMa. 

(rlund hiiil a remarkable influence upon blond pressure. 
Kssr discoveries in medicine have hsssn of ifreatcr import- 
ance thMI Iho announcement in 1807. that 111* sopraronal 
eland contained a certain substance which had the won- 
d«»f ul poaer of lessen! nif, •* preventing, hemorrhage 
l>y >irlu» of lu local or constricting action on lb* Mood 
Y UM al l . In other words, here is an Ssjent at the command 
uf the phystcinn which diminish™ tho flow of blood hy 
simply, so to ipcak, "stopplne it up." A» would b* en- 
Is- ted, extracts and various |>ro«liict» of thin stand soon 
came Into use for producing bloodless opmtions In eye 
and other defeats branches of surgery, for the prevention 
of hemorrhage, and for increasing tho blooil pressure, 
t'unful scientific investigation has rMtiltod not only in 
tin- preparation of the active constituent of the gland in 
a chemically pure form, but more recently a synthetic 
product has come upon the market, Identical in all its 
remarkable pro|icrli*s with Uie natunl product ohtaincd 
from beef. 

The natural material, known under various namiw, tu- 
"adrenalin." •'siiprurerjn,'' etc., i«. when pure. \m- 
lically white in color, and composed of microscopic crye- 
uli of various forms. Three chemically pure crystals (of 
"adrenalin"! serve as a standard for tho assay of prod- 
ui'ls of the suprarenal glands, and the strength cf any 
product is stated in terms of th* standard— as, for ex- 
ample, "buiulioll of Adrenalin" 1-I0,(sY»f, etc. 

Although very recently a chemical method lias hss-n 
proposed for the assay of adrenalin and similar products, 
the physUdogioal met hod is uicd almost entirely. Various 
animals may be used for this purpose, but the host results 
are obtained with medium-used dogs. 

The physiological determination of tin) strength at 
products from tho ■upratvnal and of the pituitary glands 
— these latter substances will ho discussed later— is al- 
most identical. The method depends upon the faot that 
when properly diluted doses of these drugs are injected 
directly into the circulatory system of tost animals (dogs) 
there is produced a dellnite, oluuractoristio rise in the 
Wood pressure of the animal which soon comes back Ui 
normal. The test animal is first aninstbetiied completely . 
after which the hair is clipped from the throat and the 
tissues severed. A glass "cannula," as it is called, or 
connecting tube ot suitable sine is now tiisl in the common 
carotid artery, which, in turn, is conueetod with a tube 
filled with sodium carbonate (soda ash) or other solution, 
to prevent the blood from dotting. The UtU* tube is 
attached to a manometer or "0" lube containing mer- 
cury, A schematic representation of a recording mercury 
manometer and lis conms'tiim with the artery is shown 
in Fig. 5*. C represents the "cannula" which is inserted 
in tho artery previously clamped. On releasing the 
clamp, the pressure ot the blood is communicated through 
the liquid in I to the column of mercury In the mano- 
meter If, until tho weight isf the column which is forced 
up, shown by the difference in level between 1 and 2 
counterbalances the pressure of tho blood. The limb of 
the U tube in which the mercury rues carries a float (J) 
of aluminium, hard rubber, or some other substance 
lighter than the mercury. This float, in turn, carries a 
stiff wire which plays through an opening in the cap «7) 
<s? the tube. The free end of this wire hears a needle (f) 
or more usually a bent metal arm, which marks a tracing 
on a revolving sheet S. The latter may Is- plain, white, 
or aensitUed paper, but Is more often smoked paper, and 
the record scratched out by the metal pen. 

Such a complete recording apparatus known as the 
"kymographion," ami its connection* to Ihc test, dot; 
are shown In Kig- as used in n large n, mm. Trial labora- 
tory for the routine »iuiidardi'.niiim of prislucts from the 
suprarenal and pituitary eland- Tie nii-ilmd, in hricf. 
is as follows ". 

A definite quantity of the standard solution is injcct<d 
into the femoral vein (Kig. 5), ami with the kyiimemphioii 
in motion, the maximum list in blood ins-sun* Is com- 
municated through the tube 1 and rss-orded on the revolt - 
ing sheet («). The pressure is now allowed to rrlurn to 
normal, after which, varying amounts of the solution are 



Flf. fc — Roosters used in testing strength 
of ergot, 

similarly injected until the resultant increase of pressure 
as recorded by tho needle is equal to that produced by 
the known amount of the standard. For example, if it 
takes three cubic centimeters of the unknown to produce 
the same rise* in blood pressure as that caused by one 
cubic centimeter of the standard, then the sample is said 
to be "33 H per cent of standard," etc. A tracing of thb 
sort is shown In Fig. 10, while FSg- 8 shows the sudden 
rise and slow return of pressure dua to an injection of 
adrenalin chloride (1 in 100,000 parts). 

As already mentioned, th* usual method of standardis- 
ing extracts of the pituitary gland is identical with that 
d.serihed for adrenalin. The pituitary body or "hypo- 
physis onreberi" as It Is scientifically termed, is even a 
greater mystery than the suprarenal glands. 

Hidden away in the very middle of the skull in a 1Mb 
l»ny cup (sails turcica), better protected than any other 
gland in the body, and very inaccessible, is the little body 
known to anatomists as the pituitary body, believed for 



; 




Pig. it.— \ if* of Uhorstorjr titled far drug 
dlindard.i4ftt.on. 



a lone tinw, until IKHfi, to lie void of all ph> tMOsftOttl 
value, ill fact, a sort of usohwj appendix of thi 4 brain 
Home of the older writer* ascribed to it the function of 
wr*'\ing mucus, hence the t-rrra "pituitary body"; other* 
ascribe to it manifold functions. In the human awl in 
sheep It weighs about 0JS grammes, in cattle 3.5 to 3 
gramme*. In shape it i* oval, and when froth it has a 
pinkish color. 

If we were to Motion tho pituitary gland, wn would sec 
plainly tiro definitely marked part*, but bistolojjMt* toll 
um that It in oompoaid of throe partp anterior, ponterior 
anil intermediate. U b usually described an consisting 
of two parts — the lamt'r or "anterior lobe,'* and the much 
smaller "pocterior lobe." The. "noniwior lobe" arum an 
an outgrowth from the floor of tho brain and it is this 
portion wbrfh oontain* phyiiiolixwally artivo subxtanm 
of wtMUIrrali**' therapoutio import Anne. Tho artivo 
principle, known (u* "pituitrin,** "hrpopbyKin," oto., alao 
haa the power of raMng blood ji-v.-jun nimUar to that 
or admialin, but to a n>or« marked docroo. In addition, 
it has (be rvniarkahle properly of oaumog wntraolioiui of 
the u tenia, and within th*> bwit fow your* hM oome to be 
of Rival aasastanee duriiuc ehibl-blrth. In eaaw of uterine 
insuAVieney. Tlx- dnut haa alao the- )>owcr of albnutatinj; 
the norn'tiou of urine and etipcvialty of milk. 

IMffturhaner of the pituitary due to divettse ur othrrwm* 
may briiip alnrnt the eoiuli.jiuia known '"iw-nnni'taly" 
and "giicantinn." In the fonnrr eaao then; ■« an rn- 
lawment of the hour* of tho fare and cxtreinitieii, while 
in the Utter there in an ovunrrowth in the w hole rtkelelon. 

Doth in pituitrin, but particularly «> in anln iialm. there 
in a more or hni clearly deftnrd aetive prinHple upim 
which the physiologic iwwv ean be l*a«id. TIuto ar**, 
hownror, two very imjN>rtaal drutn which have no mrh 
conHtitacnt that run he utilized to ham* a method upon, 
rhino are enrol and eannahin. 

Under eertain conditions rye may lieeome affeeted with 
a a blaok noiiit or f omnia growth which is known as \\w 
"uncut" of rye {Tiff. 2). AlmoRt all of tbu ergot of oom- 



Kije. 7.— Teatinx the strcnpthi. or the ht?art 
tonim by their actions on frog**. 

lUL-ree ouiimv from Kuk«4* and Stberia. Anide from it*i unci 
to nttmuU.tr tho heart and to incrfa**- tho blood pKuauro, 
the ahMiholbc (fluid) extract of tho drug it employed to 
a«bit eontiaettouoT the uterus In ohiW-blrth in the ane 
way as pituitrin. 

Cwiuiderable raearuh on the ttubjiM't haa failed to bt-irur 
about any agreement a» to tho active prindple or prin- 
ctplea of tlio drui;. Blood prw*»ture experiment!! cave IrSa 
variable results to be relied upon, while it* oontraotiott of 
the muscle of tho u1«tuh alao proved unreliable, Not 
baffled by thlit, the pharmacoloin*! baa caul about and 
found the desired subject In our ftlirilt announeur of the 
dawn— the rooster. The phyrdolucfeal teatinir of enrtit 
depends upon a charaeterird.c blackunluc or blanelu'tu: 
which it produces in the comb and wattles uf selected 
eoelcs, when the dxuir or its preparations are internally 
atlministerod in suitably sized (loses. 

The teat fowls arc normal, thoroughbred, white L*K- 
horn eorks. twelve to eighteen months old. whieli have 
been allowed to fast for twenty-four hoars. The animals 
should not he used for a longer |>eriod than six months, 
and not oftcner than once a month. The standard used 
H a fluid extract of the drug, made op according 1o tin 
"V. S. I'harmaeopn'ia," uud which by repeated tests has 
been shown to posveia the average activity of, at leant, 
ten samples of first class, eanuncrcial ergot. Tho aleohol 
in both the standard and the unknown samples is removal 
hy evaporation, and both converted into as nearly the 
sauna condition as pos«ible. The aleohol-fron umpli ^ 
were formerly introdueed into tho en>p* of several of tic 
lest fowls throngh a soft rubber tube in dosm of (ft cub»e 
eonlimcter* per kilo of body weight. Now, however, it 
m mora UMial to inject a smaller dose dir*»-lly into the 
breast mnscso. Ry varying tho aire of dm* and repeated 
trialti, the amount of the unknown Is determined which 
will produce tho same degree of blackening In the parts 
afl the test dose of the standard. (See Kig, 0.) 

Very rarely w intoxication induced for mieh a worthy 
purpose as in the standard i Ml M»n of cannabi*., "Canv 
tkabsi fiatlva," or, as it is better known, "Iivlinu Hemp." 
i- e*ti iniveh t ii j ].',■• t i ii ■ I., i •••nil i, -|-, ,.f s a-otririia. 
neuralgia, hnuUene and hysiori*. The dried, Auworing 
tojw of the plant are used, and careful Investigation has 
>«hown the domestic- variety of the drug, ''American 
Hemp." to be fully aa efficient ah the imported product 
from 1 ml in. 

The aetive conAtl1iH>nU> of Cannabis are even less 
understood than 111 the ca*e of ergot . MM6t|ls*ttt|y ehemi* 
eal standard i ration U out of the que* I Ion. Here again, a 
phy*iolisjci<-al method U maile n*e of. with lu«llhy, mod- 
ium-fdxed. short-ltaln.il dogs, young, but full grown, as 
the teat animals. The utondanl u*ed Ih a U. H. Phar- 
inaeopn<lu extract of eannuMs ha vine the average activity 
of uoi l» ■ Nan ten aan |-I< - ■ ■ r in.., ■ .•ilu:«t- .ii. 

drugs, and the standard t»-?t dose (a 0.010 gramme p<.r 
kilo ttody aeightv 

In lee ting, at least two dogs, MUseeptlute to the drug, 
are used, one of which receives the standard, and thi- 
ol her the unknown aaniple. These are administered in- 
ternally in a small capsule by drawing the dog's tongue 
forward betwwn the teeth with the left hand, acid placing 
the capsule on the bauk part of the tongue with the right 
hand. On quickly releasing the tongue, the capsule, is 
swallowed with ease. To aid in ab-orliing the drug, the 
dogs ore usually allowed to fieU for twenty-four hours 
before (he test. 

Active extracts when administered to susceptible ani- 
mals show three typical efTerlt- First, excitability, thefi a 
period of incoorilituttHin. foltowtsl llnally by drowHinca4. 
The second stage of ineoordinatiun UMually follows in 
one to two hours; the animal tnt*-* control of its legs and 
of the muscles supporting its hunt. If nothing occurs to 
altraet the dug's attention, whe-h is ahnotuttilv ertsential, 
the head will drop, the body away, and when severely 
affected, the animal will stagire' and fall, the intoxication 
being peculiarly suggestive and •trikintr. (Htn- Kig. 4.\ 

The influence of the test duee of the unknown drug Is 
rarnfuUy eompared with tho same dose of the standard 
administered to another test dog at the same time and 
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under the same conditions. When the animal* lus-nmo 
drowsy, the observations are rcenr.:lrd and the second 
liny following. Ihe two dags are pnwuil. The animal 
pn vtously receiving the tot dose of the unknown now 
riecives the test dose of the known. Jinn nrr Ivrsu. ti 
sis-nnd observation being made. From thi' dow of tit.' 
unknown. sclect<d n< producing thi' snme action M th> ■ 
lost dose of thi.- nl.aiulipl. the amount <if dilution or con- 
centration that U n.crsmry i* determined. 

It woulil hardly <*-rur to the avcnigc reader that n*i<l- 
from it* opiiuroan poadbilitii-* the frog f«wm« onr of tlw. 
most delicate toting in*rrulncnt* At thn diKpn*.-vl of the 
aclenlist. Yet it is an actuality that only by careful 
u»t» on frog* i" il possible to amav tlw strength of those 
drug* known a. the • hear t tonic* .** tin. Digitals Si m- " 
These drug*, of which the lily of ihe valley or eun>al- 
laria, the fox-glove or digitalis, vptill anil strophantus 
are the m.ot lm|«irt»nl members, have a special afliniu 
for the heart muscle tissue* and are wry active laiixon*. 
The active principle* of all of the alnit;- aw *» very much 
alike that they may he considered a* one group ami may 



he phv*ki!o|rically assayed by tho same method. They 
iiifT: ! greatly, liewev i in thi amount I Ml ml . . itv 
ami in their poiaonin* powers. It i« precisely this poison- 
ing powor, particularly with cold-blooded uiimala, 1 
i* made u*e of in determining the strength r 
h'-irtly tlw method of adminittcritu? those poisons anil of 



oltserving roMiltfl is as follow*: (Fie. 7.) 

TV drug, or IW tincture, in di**olv«t in unit anlqtion 
of tlie same "Trcngth a* that found in the holly fluid*. 

1 l h au* I ' i", -I' 'i']' i:l I'.castirin*: ttirxtn or 

"pipette*," having a hypodermic ncodln ntta/ihcd, ac- 
curately measured amount* are now injeetod directly 
through the frog's month into the abdominal lymph aac. 

An a rule, it in 1**1— mry to inject several aerm* of about 
Bvo frogs rurh for eaeh siiinple of Ihe drutt to lw IMIad. 
Tho llml »ene5 « inj«-t«l with a utamUrd lineliiru of 
strophanthus made up aeennlimr lo the U. S, l'Uarimv- 
oopuHa. UhuhHv U.OtlUlo cubic Getitlraeter |K.r eramme 
Iwdy wi-iidit i>f frutr ii fouml to I* '.he *mullo*.t amount 
of thin druj; wlmOt kilb the true, or, ux it in known. Hi 
"niinuuum fatal duw" (M. K. I) i. The weond serieo la 



now in^-ted with du«* of the 
.iderably in ab». 

a approximate dose of Urn poiaon hai been 
from the xieond aerien, a third »crie« i» injeeUd 
to fix the minimum fatal d^we. Finally, a fourtli *nrie« 
a inj.-eted whie.h Hies the hmita of strength very closely. 
In a (food test, tho minimum fatal dose in the fourth 
Belies should kill at least three frons out of five. Now, by 
comparing the minimum fatal do*-, of the standard with 
that of tho unknown, a certain ratio ia obtained, an 
IK, H.o*e. 

It is usual to express the strength of this series of 
drills In urm* of 'ii.urt tonic units" (It. T. U.), the 
heart tonic unit hetng ten times tho minimum fatal dine 
per gramme Iwdy wtsght of Un? frog. Tlio atandard 
tlmeture of strophnntlitB has bw-n found tn contain 050 
luwt U>nie unit*. To give tlw strength of tlte unknown 
driu;. all that K necea*aj.y theo in u> multiply the above 
ratio of Ihviniiuiiiuin fatal duel by 050 U>get thonumbtr 
of H. T. U.'S (heart tonic unita) the drug rouUlmi in 
every t 



Heat; A Lecture for Beginners* 

An Explanation of Terms and Principles Necessary to Understand Engineering Problems 

Hy Clittrles II. Bromley 



Am ins bulk-r Is a combined bent seoerator and heat 
Hlmurber, an undenttnlMling of what the unit of heat Is, 
In essential to a thorough uiKlerstamllng of boiler opem- 
tlun. Heat is a form or energy for which there ure mi 
niennw rxplanatlona, hut they are of little Pfacxkal 
vnlne to the pnwer-plitnt man. One of the mnst mm* 
tlal things for blm to know U that th» stanilard iptan 
tlty or unit of heat in general nse In this country 1* tlx* 
ftrilisk (*rrm«l tinif (nhhrevtated B.t.0.1. In pruetlee. 
tlda «.aafifv Is os 
hint reunlred to ral* I 



which water freexes at 'i2 degree* and bolls at 212; the 
'•i nfiorireV, u*ed universally, en which the freezing 
point I* « ttegree oml tlie boiling |*ilnt U»). nud tin- Hrau 
m*r. where the ftewlng point U 0 degree and the bell- 
lug point V> degree*. We «-e then that 

1 doc. Fnhr. - | dev. Cent. 

1 deg. Falir. - < *-g. ~ 



While tho Ti t u. Is Ihe v.iinlilK of heat tlw I 
lure Initial ten the annlilv at heat- One hundred pound* 
of water nt 100 deg. Fahr. contains more heat thnn oue 
INiund of water at 200 degree*, tine Ksly of wider Is 
twice as »of aa the other, tmt It did not take as much 
heat to make It that hot as It dW to muke the larger 
bisly one half as hot : see Fig I. Itemember that tern 
is-rature Indlrates only note hnt a Isnly Is; It does not 
tell directly Aon. mac* ftrul there Is In It 



9m J* to «S 40 r or the baittqpont 




hu Itmt Im fX|>rfN?» I be i 
uuotber M Imrv: 

ralireobi'U di-irrwn — 32 X I — Ccnllj:r«Uc deiftvoL 
KahrcDbi'it drirri'M —32 X \ — Ilranmor flrcreoL 
l X * + :tt - FMHvnhrU d^Riwa 
X j -4- 32 - KnhrvnhpJt <\t*n** 

Tut a cake nf Ice In n nroiu w here tbc temperature in 
20 decrees below wt» and tlie Ice will event aally ooof 
off nntll ltn temju'riitcn- U tbe uin>e an thut of ttke 
roocn ; tint In? will pfre up krat to th* air In (he room. 
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relative amounts of 
of water into steani at 



. of course, hie* a if**! ib^il to iUi with heal 
related to water. For Instance, as 
wen fr-un Fig- I, there t« much more lu-at In tin- 100 
IMMjtid* of water at 11*' ih-g Fnhr. tluu there t* lit tbc 
one twui«1 of nuler which Is at 2ixi deg. Fnhr. Suppose 
« hud the one t-iutid of water nnder -W0 pounds ab«o 
lute iiressure. that Is. the pretoure as Indicated by the 
gage plus the pressure of the ulmospliere or 15 lounds; 
the temjsrature would be 4 Its .leg. Fahr. Tlie on. 
poaad ..f water would contain 1-Nts it.tn. at this teui 
lieratur. — over seieli lime* n« lillicli as wlwn heul.sl to 



and latent heal needed lo hoil a 



1 MfKMOMI fit *i *t f*. 

The measurements of tiuilsT.ilure aa we make them 

ur>- arbitrary. Tlu-y nr.- made to suit onr eotn en lenee. 
a* shown hy the three standards 111 use; tlie e*oar¥Hjki it 
*sk, u-hleh Is nn*4ly useil In engineering calculations 
In America, anil the Urltl»h Ul«s nwl iitinnlliig lo 




the Otitlgrade nolle, thte hi not the lowwt I 
that a body may attulii; It Is not the temperature at 
which there is it fofuJ ab»mcc of heat, not aftieVii/e* f»*ro 
beyond which It Is Impossible lo cool a body. Neither 
are the aero points on other thermometers; man puis 
them where It la convenient but the absolute xero of 
temperature Is not tlxwl hy man, Nature having oatab- 
llshed It for man to dl*eover. 

Experiment* on the expansion of c**e« kept at a con- 
stant pressure show thut the volumes and temperatures 
Increase und decrease proportionately: the volume lu- 
i degree Centigrade Increaav In tern- 
I decreasing ,1 ( for inch degree Centigrade 
■ In temperature.' ' 
Thi* Isdng so, we see that. mold. -math atln, at a lem- 
isrntiire of — 27S deg Cent, or — 150 4 deg, Fahr. (the 
tnitius nlgu means negative, meatia is^low xero). the 
volume would disappear. KxfierUncnta show that this 
IMT, cnlhsl the Law of Charlsw. holds 
limits which we are able to measure- in tank 
In I ton* In therm, dynamics It U sometime* desired to use 

skksirm. sxn MfBrl HE-tT. 
It Is important In hollt-r prucllis. to know bow water 
l« affi-itiil by bra I, At the leinl>crulure of 32 ileg. Fnhr., 
water ebsiig»-» from a solid to a liquid or from a liquid 
to a solid: lee forma or melts; It I* a crtlirril tempera 
lure. To melt one fiound of Ice at 32 degree* into water 
at :!2 degri-es, til heat units or B.t u. must he applied 
to the lee; niwl. to freer* one pound at 32 degree* Into 
Ice at 32 degree*. 144 M.t.u. rau*4 he taken oat of the 
wilier To nilse the i.-mis-rnture of one pound of water 
from :f_' to 212 degrees, whlrh I* the belling point at 
atmospheric pressure, l*li It.t.n. mn*r lie ub 
to e,*d it from 212 to 32 degrees, 1st) n t.o_ 



S/rxrtrtj fry the *r^vie,Tj*iirr of ito^iw of raxj se»^iW 
t!\jf the sUrTK cyjynMt of heot tfkit wCfnsise .*r>e Temper irfW 
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given ui> by tbe water. To cool one pound of water 
from JI2 lo 32 Jnim, ISO 1U.U. moat ho taken from 
the water. But. to hotl nam pound nt IE! degree* lute 
•dentil ml 212 degree* u II I require 

1M> H.t.u. + tt?0 4 fl t.u. = 1,150,1 B.t u. 

Itelueuiber tlMC tilia In atVor* St doe. f'<i*r. and nut 
above the thermometer rem or the absolute arm. 

Notice that the steam I* no hotter than the water 
from irhlcii It to produced after the wntrr readied 212 
degree*, although It tis.k over time* as nmcb heal 
to turn It Into »«m a* It Olil to raise 11b 
from 32 degree* to 212 degrees. 

Tim merevtry in * thcroinoicter placed i 
while li was IM-Iru: hvntcd from 32 lo 212 degrees, or the 
boiling ihiIiiI, would have risen from ;I2 to 212 degree*. 
Ton could the water getting hotter: the thermom- 
eter would show that It wan absorbing heat. Dot, after 
212 degrees bad been reached, and, although boat were 
Htlll applied to the water, a thermometer would not 



is meant when total heat or lolul A<sW of Ihe 
-Iran, 1> spoken of, an lo the .team table*. Loir*,! acof 
ot fu-iioa Is the heat that muat bo taken from a liquid 
to nako It solidify without charsge of traijwraturv, as 
when water at 32 den; Fabr. freeae* Into Ice. 

Tilt MKCIIANICAL EUtlV.IU.KT OF IlgAT. 

If a one-pound weight fell from a shelf 778 feet from 
Ibe ground. It would strike Ihe ground with 775. foot- 
pounds D f energy. Tbls number of fo.it pounds la called 
Inn nvrrnnJlJcdl ftjtHvalntt of hent, because with a per- 
fect apparatus It would take tin* same amount of energy 
to raise the weight up lo Ibe shelf, us II wuuld to raise 
; of one pound of water I 
I It la. 




bent energy or Ti t u X TTS 



Heat energy or li i. u ■* 



u<.-Wiir«| . 



Into steam, and we know that over 
tire I Hot* aa much heat was Deeded to make strum of 
the water a* was Decenary tu get tbe water ready to 
make steam. Neither would a thermometer ■how thnt 
It required tiny additional heut to melt lee nt 32 degree* 
Inlo water at 32 decree*, or any re moral of heat to cool 
water nt .12 decrees Into lee at th« name temperature. 

We hare Jmrt cnnMrtcred the two kinds of beat known 
as aroalhlo and latent beat. Sensible heat was that 
amount of heat applied to tbe wuter to raise Its tem- 
perature from 32 to 212 decrees or the temncrnrnre at 
which (team began to form. It wiu sensible, I. «... It 
was apparent lo the senses; In this ens*, the sense of 
sight when we «iw (he mercury rise In Ihe thermom- 
eter. Tbo relnrlvo amounts of these two kinds of boat 
are shown In Fig - 

Tbe hmt required (..• make steam of the wuter at 212 
degree* »aa not apparent to the senses, except that we 
could see tbe steam escape as It was made, hut we could 
not <Mect Ibe added heat by the aid of a thermometer 
or by fcelliK tlie water. The boat waa latent, and that 
Is wfaut Ik meant when laical Xtttt of vunoricafion la 
metitloned. It Is the heat required to tarn a liquid Into 
a bis without chance of tempera tnrc. To holl Into 
steano a no'iixl of water nt 32 decree*, then, renjulrea 
1M1 lixn. of sere.lt.le h«it and 910.1 n.t-n. of latent hent, 
or n total of 1.1B0 B.t.u. 



"778 

If a steam plant eoald use all the boat tn the coal It 
rccrired. then all of this heat would be converted Into 
work in tbe engine iihaft. Thus, from n pound of cnnl 
eoiitalnliut 14,800 beat units per pound, we would get 

14.500 X 778 ^ ll^SI.000 foot pounds 
of mechanical energy. 

The plant nukes nsit of tint txtj little of all tbe hrwt 
In tlie enaL Tbe holler. If linndled well, will advan- 
tageously nse. a»y. XI per cent, or 

14,500 X 0-W = 11,000 B.l. II. 
Now of this Ihe encine, which we will aaatime Is a good 
compound condensing obe, will turn Into work. say. 10 
per cent of all the heat it reeel™*. which In this case 
we assume to he ll.iSXi IU.u. for eneh pound of cool 
burned In the boiler. 

11.AMI X<I.1B = 2^(H n.tu, 
Tor each pound of coal lmrued coutaluliig 14J>«' 
H.t.u. there Is available at the engine shaft only 2_J"1 
H.tu. Tlie amount of beat turned Into useful wort 
multiplied by 100 nud dlvtiled by the heat lu the coal 
gl«!« tbe percentage of the total nralUibl* bent In Ibe 
•■mil that was turned Into work, or 
2204 X 100 , . „ 

p. lo.2 percent. 



l«l*r ax with a sponge »f dual volume, Neither will 
a graulle bl.»k w>nk m> n< much as an ordinary ml 
brick. And so mi with various substances; their capar- 
lius for nbsorMug liquid* are not the snme. 

Tbe oauurflirt of dtflTereut *un*1anee« for absorbing 

heat vary In Ihe aame way. If you put one beat unit 
lulo a imund of water, which Is at, any, 82 dec. Fuhr., 
you raise Its teinpc-rnture one degree, or lo 63 deg. Fabr. 
If jou put the same amount of beut. Into a |>ouud of 
silver, its temperature will lncretuse m.1 deg. Fahr., and 
for leiul it would Increase tbe temperature 33 itegreca; 
for cvvppor, 1073 degree* ; foe ammonia. 0.W degree, and 
»i on. each substance hiivlng Its own peculinr <-j|«ell.v 
f..r at»irMit« boat lo prince a given rise In tempera- 
ture. Thh Is «]iown In Fig. 3. Thl« cupacil} U nillwl 
tlie *p<\Hflc Arttt of a substance, because that amount 
will produce a temperature cluinge In u given subslajice 
tbiit It will not proilncv on any other; It la qiectAc for 
thnt substanci'. tipiviflc hrat. then. Is the hrat mrrffu 
rcjnirrif to rai*, o unit urdeht of matter I dffrre a, 
<v,»ip«rrrf irita f»r Aral nw<M lo ralac n una of 
trttter 1 dcffrce. 

In order to compare the heal required to produce an 
Increase of 1 degree In some so. balance, we use water aa 
a standard, for water Is In common use and roqulroa 
one bent unit to ivrodoee an incraaae of one degree; It* 
spcclllc beat Is 1. or nnlly. As used I 
culatlowi. spcclllc heat Is a ratio; It < 
tbin that exists i 



apeciflc beat — 



he»t required lo roHo III. of litat I. T I d<r 

heat ^ <|uir.il to rai»4. 1 II.. of *»t.T 1 d. g 



of a 



And this amount Is called Ihe tarrimil rjhicwcv of the 



Vimi ei I -«ak up aa 



water with a wad of 



In engineerliu; It often is 
much heat Is required to Increase tbe I 
siilwuince one degree, to kuow Its sneelnc heat. 

For erample. It I* dpslrod to kluiw how much hent U 
carried nwny by the doe gnaes per pound of fuel burned. 
Tbe apeclftc beat of flue gas Is generally tnken as "-2 1; 
I. e. It taken 0.24 RLu. to beat u pound of floe gn* one 
degree. So to And the heat lost In the flue gases, we 
multiply tbe weight of gas made by a pound of fuel by 
the specific heat, nr 024, and then multiply tabs prtvjuct 
by the difference lu temperature between the gases Nsvv 
lug the holler am! Hie air entering Hie furnace. The 
same general u>etb<sl applies for finding the amount or 
lw«l al~orbe«I or given up by liny suhslnncc. 



The Calculaiiaa of the C«Dd«ii»er Dieieclrlc 
Coaxtant 

By Kenneth Rl<haril«n 
I wtatt to muke a cnodeiawr of a ceruiln diuicily 
for my wire-lew- transmllter or receiver. Someone has 
to use the following formula : 



C in niiero-fanuli 

In which a in the < 
one side of ull tbe sheets of i 



a Is the average thickness lu Incut* of the dlelec 
between plate*, and 
k Is the dielectric civnntnnt. 

intirinis c.vPAim co.saTANTs or i^isiucssra 



Air I. on 

Herswai I Ml t'i ??*t 

lllui y no tn ln.no 

rilittl |w»rb* 3.SII tn 3.IMI 

n.i«l rubWr 321 t„ 

Mi™ 4.00 t.» ». 01. 

iNnKlnr .m I.sa to 2.m 

l-nrslllne oil l.Sfl 1.. IB 

frtvolrnm , 2.0, |i, 2 Ai 

iit<h i.Tii u i nn 

Bona Sio i. i«. 

Shellac 2M tn .1 «V 

TuriHWlIu 2.18 to 2 4.1 

Yalnnlts 145 t*> 2.&0 

In referring to n table of dlelecrrlc ennrilnutx It Is 
found that k Is quite an Indefinite quantity. For ex- 
ample, Ihe cwwnint of gloss varlen Iwtween 3 abd Hi. 
depending u\vn the iiuahiy. Tlie dielectric coustnnt 
catils.t be known by the upivnrance of the siibstiince. 
This Is an electrical property of the snhMnncc and elec- 
trical mean* most he employed In order to arrive nt It* 
value. 

For a certain capacity, then, say 0.005 M F . how may 
f know tbe »l«c and number of sheets or plate* to use, 
alnee I do not know the exact dielectric constant of the 
material? 

Thin Is often the. problem of IImimo who design llu-lr 
own sppnratikii. I suatly tlw* dimensions are gu<^-i«ed at. 
resulilng lu nn unbalanced outfit. 

The meihod .nitliixsl wtl] enable anyone with a wave 
meter to nccurslely mlrulate the dielertric coiistnnt of 
any Insulator very ensily. 

Connect up tlie In^trnne-nts. cinprlslns the el.tsoil elr- 
eult of the wireless transmitter In the ii>mil tnaiiis'i-. 
Ailjust tbe tiellx for a certain wave, sny 2i*l meters. 

Our method of getting the dielectric coimlniil Is to 
make a small cue denser of one or two p la tea of dlolso 



I rlc to be tested, tills sample cumleiLser to he substituted 
for Hie standard condenser In Ibe cloned circuit and Ihe 
effect u|h*u tlie wave-length noted on the meter. We 
the exact capacity of lite -ample cou- 
1b know Ibe dielectric constant by 
employing the simple formulas to follow. 

It la necessary to get the exact inductance of the 
closed circuit purl of helix which wax adjusted for 2110 
meters ware. The belli Iniliictaucn I* found by the 



!0I •.x.vv 
1 X MIV 

In which V I* Ihe exact liuuber of turns In circuit, 

r Is the radius of the helix lu Inches, and 

I ta the exact height In Inches of the helix (effective 

I urns In circuit only). 
Let tut assume a helix Inductance of 10 M. IT. 
We now have both the wave length ai 

Ibe circuit 

The sample condenser Is now uindc and substituted, 
earn Is4ng taken to have voltage of the siairk ooll on 
trnnsforiner rislunsl so as not to puncture the sample 
dielectric. 

A very liny stsirk Is ull that Is neccssnry for the teat 
Wltltout disturbing adjustment of helix, operate coll 
anil take a new reading on the wave meter. XM ua 
; to he r*1 meters. 

(in M. IT.) ami Ibe 
known wave-length (nn meters*, the exact capacity of 
the sample ctsle,,-er Is found l.j tbe formula: 



In} The capacity of u group of Individual condeiwem 
lo multiple Is equal lo the sum of the Individual capa- 
cities. 

i M The caiiarily of a group of Indlvidaal c 
in series In. 



1 

|dus 



(tills cl<-. 



C:n 



iiwcv-x/.!" 



In which 11* la tbe wnve-tength In mnters, and /, la 
the inductance la micro-henries. 
Fr.iia this, our capacity Is O.OWXW* plus M. F. 
When we know the exact capacity of the sample oom- 
.lM.srr, nien«iirenient Is taken of the area of dielectric 
and I lie average thickness. 

From these dabl. Ibe cluct dielectric constant 1* 
by the fonnuln : 



o.twinnn2247 x « 

in which r ta the capacity In micro-fa ntoX 

t \* III,, aiemuv. tliiekne^i ill Inches of Ibe dielectric. 

a Is the total area In siinure Inches of one side of Ihe 
dielectrics lK-twccri plate*. 
In Uw fwrmulns It must be kept In mind that: 



p = 1 plus 1 
" Ct Ct c, 

lii which C„ r„ f'„ etc., are the individual cniwcllle* 
and c Is the Joint- capacity 

(c) I we connecting wits* to condenser, spark i»l>. 
nnd helix will make the cnU-ttlnllons Inaccurate It Is 
Itdiittible to employ all Uie helix or hcllow nvallable 
for the tests. 

<d) The oiwn circuit should lie entirely dlsonineeted 
during tba readings. 

(c) Intense bruwh dlochnrge front ihe islges of a con 
>r Incrense the capacity, throwing Ibe i 
off Avoid extreme hlgb vollage. 

The Coat of Buirdinff the I 

Tup. widely pubtbdicd olmilll llgures of the .Mist of 
the ranamu Ciinat have poaslbly girea the genenil pub- 
lic au exaggerated Idea, of tbe coat of the canal a* a 
piece rrf engineering work. The statement hns been 
tri'de that the entire coat of the cnual lo the t" nltcd 
Urate* when completed will be In the neighborhood trf 

Milk of this expenditure has gone Into the work of dig- 
ging the canal and enewtructing the locks. 

It will surprise many engineers even, we doubt not. 
to loam rrom figures published In tbe latd numtar of 
the "Canal Record." that up to March 3Ist_ 1914. the 
entire expenditure on tbe canal In tbe Department of 
Construction and F.nglueerliig had been only *204,- 
OS7.MI0. The total expense up to the same dnte for 
all pur|ioses connected wtth the canal was ¥322,650.000. 
The chief Items In the account, apart from construe 
tlnn and engineering, were In round numbers, civil nd 
mlnMratlon. »7,wn).i»>o ; sanitation. |!7X»X0u0; fortitl- 
catloos, 15,000,000, and general items, fSOflOOjuOO. rn- 
der tills lalter head Htv Included the |mymelit of J.W,- 
Win.OOfl to the French Cnual Company ami $10,000,000 
to tlie HeiHibllc of Panama. There Is aKi lii.Tuiled 
niidi-r tills llead very heavy expenditures for Ihe reeon 
slrmilon of ihe Panama Itullroad, tbe .'onstrttctlon and 



of t.v.lon i 



the cleaning np of the 
Sent. 
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Electrical Driving for Rolling Mills — IT 

Its Adaptation to Existing Steam-Driven Plants 

By L. Rolhcru 

OmcluoVd from Scientific Amkhkas St i-ruim n i NV 'JXf22, Pugr 211, October 3, IUM 



Rehire passing (iD to method of h|>1>1> iiiie the drive, 
it would perhaps be well to make a few remarks with 
ngard to tli© advisability of using continuous current 
M ; I- phase cnirrrcit a* the source of power. This u o 
qui htuin which ii fairly often settled by too condition* 
uf supply prevailing in the district, but. if il ia a question 
uf filtrating power in tlie works themselves, very 
careful consideration must be given on account of a 
number of reasons. When looking into this question, 
the following factum must be considered: 

■ 1 1 The most suitable type and cost of the centra] 
station plant. 

(2) The coat of transmitting the power to the various 
(minis whore it is required. 

i :t i The moat suitable type* of motors for the main 
driue; tbe most suitable types of motors for tbn auxiliary 

drives. 

Ill the case of a work»> lying closely around the centra) 
station, the capital cost involved by install tug a 3-pha*c 
|t|»nt or a continuous-current plant would bo approxi- 
mately the same, hut should there ho long distances u> 
which considerable amounts of power have to ha trans- 
mittal, then the extra coat of cabin involved m the traii*- 
mention of direct-current post er will he very much in 
ex reus of that of a high- tension 3-pha*c scheme, since in 
the former case a voltage higher than A50 volts cannot 
bo exiiuridered The cost of tbo cables is thus very fre- 
quently the deciding factor as to whether 3-phaae or con- 
tinuous current shall l>e employed throughout the works. 
As agalmd this cost must be set tbo, perhaps, more 
satisfactory working of oootinuoua-curreut machines for 
driving auxiluiriee, aucb as lire roll*, aawe or shears, but 
it must be (win ted out that there are very many works 
equipped to-day with 3-phase motor* for these purpose* 
which are giving every satisfaction. 

tn the case of the main mill drives, the chief question 
In deciding tlie. type of motor is, as to whether a variable 
M* td t* required or not If a variable epeed it required, 
us In tbe ease of merchant milts, then a ©ontinuou*- 
current motor, which can have lie speed varied by means 
of shunt regulation of the field, U the simplest and best 
proposition for tbe purpose, If a constant speed only 
is required, aa in the ease of a sheet mill, the disadvan- 
tage* of the 3-phase motor are nut so great, although, even 
in such cases. It is very often a question as to whether 
the saving in efficiency by putting in the continuous- 
current motor dors not outweigh the greater cheapness 
«>f the 3-phase motor. This saving in efficiency » due 
to a number of rausni, which are perhaps of interest. 

Take the case of a large sheet mill which rsquirea a 
motor of, say, 1,000 or 1,500 horse- power, and a speed 
on the mill of .'10 to 32 revolutions per minute. With 
a mill of this sort, a heavy flywheel of 100 to l» tons 
would be necessary, running at the mill speed, in order 
•o . .j ntli? ■ r In Vi ry heat 5 |x*k Loads attendant Of lUl 
rl»H* of work, and a fall in speed of at least 10 per cent 
from no-lnad to full-load would he necessary, so that 
proper us? rem be made of the stored energy. 

Take now the ease of a 3-phase motor. It kt almost 
imposiohlt' to build such a machine running at u speed 
of 32 revolutions per minute, on account of the very 
large number of poles which would necessarily be en- 
tailed, ami even if such a machine were built, the power 
factor would be so bad that very few power companies 
would permit It to be connected to their mains. It would 
thus be necessary to put in a higher speed motor with 
some form of reduction transmission between tbe motor 
and tbe null. 

In tbe MM of a • onimuoua-current motor, there is no 
dihVutty attached to tbe building of a machine to run 
at this speed, so that in this ease there la — first, a saving 
in the trsimmUMon Iimhco. and secondly, a saving in slip 
resistance losses. These latter losses occur in tbe rase 
of the 3- phase motor due to tbe fact that the only method 
of reducing the »pecd of a plain induction motor i- by 
inserting resistances in tbe rotor circuit, and the low in 
these resistances is proportional to the fall in speed. To 
reduce the speed 10 per cent cm full-load, aa is neceenary 
to utilize Is-netieially the flywboel energy, a loss uf 10 
per cent would occur in tbe resistance*. On some Irsts 
whirh were taken on a sheet mill it was found thai the 
average Iims due to tbe slip resistance losses repreweulcd 
I *t wr««n 1 It and 1 5 per cent of tbo total energy consumed . 
and when Ui this loss is added the transmission Iw, 
which may equal another IV or 10 per cent, the advi**- 
biNty of installing a direct-coupled c<intfni*omt-eiirreni 
motor to mrh a mill must be very can- fully weighed. 

• t re*«J twf»r« tbe lattltullua of II citable* I Uaslmxrs. 



Thw question uf providing n variable speed on tlwo 
drive b one which lias led to the evolution of a large 
number of alternative methods of enabling a 3-phase 
motor to work at a variable speed without the aerioirt 
loss in efficiency which occurs in the ease of an ordinary 
3-phase induction motor, which, as mentioned above, can 
only have its speed varied by tbe insertion uf resistance* 
into the rotor circuit, which method involve* a loan of 
power proportional to the fall In speed, that is. taking 
the eaae of a motor running with a normal speed of any 
300 revolutions per minute, there will be a Loss tn power 
and efficiency of 50 per cent if tbe speed ia reduced to 
IfsO revolutions per minute. The method employed haa 
usually been the addition of an auxiliary piece of ap- 
paratus which modifies the existing 3-phase motor and 




Fig. 1 l- < ontinuoiM current meter coupled to 
mill, shown in Fig. 12. 
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Ktga. 14 aad IS.— Typical rope drive on large sheet 
mill. Motive power, I, MO horse- power. Heavy 
iy wheel, weight of rim 100 tons, diameter 30 feet. 




r'lg. 16. — Direct current motor driving three mills, 
one mill being driven from each end of motor, the 
third by rope*. 



causes it to act more on tbe Unca of a continuous-current 
shunt-wound motor. 

The first method that may he mentioned is tbn addition 
ol a frequency changer, as it ia calkd, which consists of a 
small niaehine driven either mechanically from the main 
motor, or * leetrieally through a separate small motor. 
This email machine ts supplied with power fmm the slip- 
rings of the 3-pha** motor and transforms this power 
into the com*;! procure and frequency tn enable it to 
be returned to tbe line. By this means, when the speed 
of the induction motor is reduced, (he power which 
normally would ho lost in slip resistance in returned to 
the line, thus making a greet saving in cfftciecicy. 

A second method if) to hate a. '{-phase motor and a small 
auxiliary continuous current motor coupled together, ami 
an electrical connection 1* tw»*-n the rotor of the 3-phase 
motor and the commutator of the continuous current 
motor taking place by means uf a separate small rotary 
converter. In tin* cane the |tower which would normally 
be wasted in slip re-oslam-e* tn transmitted through the 
n»tary converter to the auxiliary continuous current, 
motor, which thu« add* i'i |h>w<t to the (lower of the 
main 3-phase motor. 

A third method combines the rutary converter and the 



auxiliary continuous curtvnl 1 or, netilioncd aUive. 

Into 3-phase commutator motor, thus two machines only 
are empkiyeil Instead of three. 

Any one of the above methods enables a s|»eed rogulA- 
tion to he obtained in practically aa simple a manner as it 
is obtained in the case uf an ordinary shunt wound con- 
tinuous current machine, and the efficiency throughout 
the range uf speed remains very liigh. 

An alternative method of getting over the difficulty 
of the fixed speed attendant on the employment of 3- 
phose power is to provide stcp-pullcys on the motor, and 
to drive through ropes an to the mill. By this nuan« a 
maximum of three or four speeds at most can ho given 
efficiently, and any intermediate value has to* he obtained 
by the insertion of rotor resistance*, whirh, n> explained 
above, ia a wasteful method. The method of changing 
over from one speed to another is also cumbersome, due 
to the fact that the motor has to ho capable of movement 
both axially and in a direction at right angle* thereto tn 
order to allow the same set of ropes to he used. In order 
to expedite this change-over, there have Isreiieaaes where 
small motors have been put down for moving the bods. 
This type of drive, although somewhat cheaper than tlx 
systems mentioned above, haa a further disadvantage in 
thai it in not possible to obtain any desired speed between 
the upper and the lower limit, and ex|serience has shown 
that in merchant milt work the difference of a few rew.lg- 
tions in the s|ieed of the mill is of very great importance 
indeed for satisfactory working, and that it is worth while 
incurring a somewhat extra capital cost to ennlde this 
condition to be obtained. 

With regard to tbe method of application of the drive, 
iIwtc are four alternative* which have to heevinhidend 

(1) A direct coupled motor. 

(2) A motor driving through gearing. 

(3) A motor driving through a holt. 

(4) A motor driving through ropes. 

Modem proctiee to a great extent has gone in favor of 
t he direct coupled drive, even for spcol* a* low an 0wew< 
required far a heavy sheet mill, namely 32 revolution* 
per minute. Of course, in the east* of mcreharH milts 
where the speeds may vary from 100 revolutions jnr 
minute upward, the direct -coupled drive preeottte no 
difficulties, and the question of the difference in capital 
i-im1 iM'lween a direct-coupled drive ami a gear or rope 
drive has no* to be so seriously considered m tt the case 
in a very slow speed drive. In a great nuuiy easea, how- 
ever, the extra additional eo*t of the slow h|hmh| drive 
is more than counterbalanced by the gain in efficiency 
due to the absence of any form of transmission losses 
between tbe nvotor and the mill. These losses are a heavy 
item in the yearly expenditure, as can lw seen when tbe 
losses in the various forms of trauaaahnton are considered. 
Taking the case of gearing, it can be assumed with a fair 
degree of accuracy that the bestee taking place in a single 
reduction represent about o per cent of the pouvr irairA 
is bring JreaismtinMf. This value is perfia|» excessive wlieii 
taken on a gearing which haa just been, newly put down, 
but fur varied conditions of working, and when the gears 
have become somewhat worn. It in not safe tn *H»uilie 
that any lew low titan litis takes place. In the raee of 
a rope drive tbe percentage teas taking place in tbe drive 
alone is a somewhat moot point, sonic authorities giving 
tbo losses up to aa much as 10 per cent, while others place 
the figure aa low aa 2 per cent. As, however, one of the 
first authorities on rope drives suggests that a figure of 
A per cent is a good working figure, it is probably quite 
para to accept this figure aa I icing the correct amount to 
take into account. Special emphasis in the eaae of m rope 
drive must be laid upon the fact that tbe lotm occurring 
in the ropes remains practically constant whether the 
repc* are running light or transmitting power, and the 
hsf» can be taken ou the normal pnurr ukitk the roprt err 
oVcignrtf ie tmramtt. In this reaped, therefore, the rope 
drive i« not m efficient as a gear dmc, although it cer- 
tainly provides a very nice flexible milium between the 
motor and the mill. Another draalsaek in the eaae of a 
rope dme la the amount of - .<;. taken up. and the MgJ 
of upkeep of the ropes, which is \ ery considerahla, I he Ufa 
of tlie rupee being a very variable figure, ran git a' from 
about two years to perhap* live or more. 

With regard to a heft drive, this form of trans missson 
has not been very extcfuiivi.lv employed in this t-ountry 
for this clase of work, but it ha* been used to a -*imcwhat 
greater exumt on the Continent, and has lawasj empkiyeil 
for powers up to 1,800 borsc-}Miwrr normal and 3.1UH 
horse- power maximum with, it is believed, very sntav- 
factor> ^results. 
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In order to show la ft simple form the losses which may 
wear throughout the year due to tranMnlasfcun l oo oo s, ft 
'•aw in taken of a sheet mill with a normal power of 000 
horse- power on the moUir, and an average power t*k«D 
by Uie mill of 200 horse-power. Assuming that tbe mill 
is working for 110 hours per week, and 50 weeks to tbe 
year, tho kisses in the case of ft twir drive would be 5 per 
rent of 200 bors*- power, namely 10 horse-power for 5,500 
hour*, while in the cue of a ropu drive th« losses would 
he f» pnr rent of 000 homo- power, namely 30 hone-power 
for the same number of hour*. Taking the post of power 
at I ei nt }tv7 unit, tlm tow m time two methods of drive 
an compared with the direct -coupled drive would be 
roughly $500 in the case of the gear drive, and $1,500 in 
the case of the rope drive, representing with ft 10 per 
cent interest on the capital outlay 15,000 and II.ViOl 
respectively of extra plout. 

Where the question of co averting ftn exiting mill ha« 
to be considered, the method of drive adopted must be 
dependent, to ft very large extent, on the lay-out of the 
works, an there may be otber milt*, roof columns, or other 
n«mM, which may render any one of the drives nien- 
tiunod above impracticable. 

One of the first questions which arises wheat the con- 
version of an existing mill is contemplated is tbe length 
of limn for which the mill will have to be shut down in 
order to make tho change-over, and it is imperative, in 
most case*, that this time should be reduced to a mini- 
mum. This consideration is one whieb, in a number of 
c=wv Imds itself to the introduction of a rope drive, as 
the foundations of the motor and the motor itself eon he 
put down without interfering with the working of the 
null, aibd tbe mounting of the rope pulley for coupling 
to tlw» mill is very often a matter of quite a short time, 
liiiil -urn* lime*, nol much more than a Ionic week-end. 
la the ease of ft direct-coupled drive, ft method of avoid- 
ing stoppage Is aliown by the photograph. Fig. 12. where 
a Uing intermediate npimlle is introduced between the 
pinion* aiul live motor, this j-pindle spanning the space 
taken up by the existing engine Tbe elinnge-ovcr in 
(his case from the steam to the eiwitric drive did not in- 
volve any stoppage of the mill. Fig. 13 shows the con- 
tinuous-current motor coupled u> this mill. 

It is sometimes possible to put down the motor on the 
side remote from the steam-engine, and this was done 
on the second elect rieftlly-d riven reversing mill which 
was installed. Tin** plant has been working now for 
5 J * years, and no trouble whatever has been experienced 
throuirh its baving been found neoeswary to transmit the 
drive through the bottom spindle to the piiuooa— a view 
of the plant is shown in Fig 3 (page 213). It may be said 
that when this plant was first put down tbe engine was 
retained in place so that it could lie re-coupled to the mill 
in the event of any thing going wrong with thn electrical 
drive, but it bos never been used since the electrical plant 
has been set to work. In some case* it t* possible, by the 
introduction of another guar wheel, to put the motor in 
position without shutting down the plant, and in Fig. 7 
is shown ft 250 horse-power motor driving through gearing 
on to a sheet mill where this procedure was adopted. 

When applying a motor drive to ft mill, ftn important 
consideration is the weight of flywheel to lie adopted, and 
this is a matter which can only he satisfactorily derided 
through exjteriener. It is not a safe method to assume 



that tlie flywheel, as lilted to the existing engine, will be 
satisfactory in the ease of a motor drive, since, when an 
engine Is overloaded, it will slow down until finally It 
will stall. A motor, of course, does not act In the same 
way, but has a prc-dctermincd drop in speed from no-load 
up to tbe maximum load which it nan safely stand, and 
If this maximum load Is exceeded, the circuit breaker or 
switch protecting the motor will operate, shutting down 
the plant. In tbe former cose, that is. of tho engine, the 
whole of the stored energy in the flywheel is available to 
pull the metal through thn rolls In conjunction with the 
engine, while in the latter case, assuming a 20 per cent 
fall in speed between no-load and 100 per cent overload, 
only 30 per cent of the stored energy is available, after 
which the motor ceases to drive, leaving only the flywheel 
stored energy. This is. to some extent, counteracted by 
the fact that tbe permissible overload on tbe motor will 
be 100 per cent in excess of the normal power, while in 
the ease of an engine the overload will not be much more 
than 25 per cent, hut it can generally be stated that the 
fly wheel will require to lie heavier in the eaan of the motor 
drive than in the ease of the engine. Tho heavier the 
wheel, of course, the steadier the power demanded from 




Fig. 17.— The rope-driven mill and one of the 
direct -eon pled mills. 




Figs. 18 and 19.— Variable speed motor, 600 brake 
horse-power. Speed, 300-159 revolution* per min* 
ute, driving roil mill. 



the motor, hut here again the question of oust is the decid- 
ing factor, and a fluctuating loud will not prove harmful 
to a motor provided that the maximum peaks are not 
excessive. This Is clearly shown by tbe suereas of the 



motors employed for reversing mill work — where they 
are coupled direct to the pinions and take thn full power 
demanded hy the null. 

Another quart ion which arises if there is some form of 
transmission between tho motor and the mill w. as to 
whether the flywheel l*i planed on the high-speed motor 
abaft, or be direct ooopted to the slower speed mill. 
Modern practice in this re* poet has usually decided in 
favor of the flywheel connected to the mill, and this 
would appear to he the correct solution of the matter, 
ae, in this position, tbe flywheel absorb* the peak loads 
of the mill before they come back on to the transmitting 
mechanism. 

Tbe cost of having a Urge slow speed flywheel Is usually 
somewhat la exoees of having a high speed smaller fly- 
wheel, but the difference is not, in many eases, very great 
on account of the fact that the full peak loads of the mill 
in tbe latter oaae have to he transmitted from the motor 
and flywheel through the gearing or ropes as tbe case 
maybe. The wxo of tbe gearing, and tbe nil rubor of rope*, 
will have to be very materially moruaeed to withstand 
this extra strain. At the ropes and gearing are usually 
admitted to be evils, the reduction of them to their small- 
Ml dimensions is advisable, and this eon bo done by 
i -signing them to transmit only the normal power of the 
rtiutor and allowing excessive mill peaks to he taken up 
by tbe flywheel directly coupled to it. 

A form of drive which has been suggested and employed 
in one or two eases is to mount the flywheel on the motor 
shaft, and to drive through a worm reduction gear on to 
the mill. This is a very interesting new departure, and 
time will show whether it possesses advantages over the 
better known drives. It would appear to be a very satis- 
factory method if a steady power is demanded, sueh as, 
for instance, a wire mill or cold roll drive in a tinplale 
mill where there are no heavy peak loads to bo taken up 
by tho flywheel, but where tbe full power of tbe motor 
and flywheel has to be transmitted thn nigh sunfa a gear 
it is to be seen whether it can be made of sufficiently 
strong design to give on efficient working life common* 
mimic to the initial cost of the plant- 

The various types of drives mentioned above have been 
mostly shown by the preceding illustrations, and Figs. 
14 and 15 show a typical rope drive on to a large sheet 
mill, the motor power being 1,000 horse-power with peak 
loads up to double this amount. The heavy flywheel 
nooftuiary for this type of drive Is shown very clearly iu 
Fig. lo, tho weight embodied in the rim Mug approxi- 
mately 100 tons with a diameter of .'40 feet. 

Figs. 16 and 17 show a rather Interesting drive which 
has been installed in an iron works where a motor has 
been put down for driving three mills, all of which require 
practically a 2 to 1 speed variation for dealing with tin- 
various e lassos of work. A direct-current motor is em- 
ployed for the drive as shown in Fig. 10, one mill being 
driven from each end of the motor and the third by 
means of rope*. Fig. 17 shows the rope-driven mill and 
one of the direct-coupled mills. 

Figs. 18 and 10 show a rail mill driven by means of 
ropes from a variable speed motor of 000 brake horse- 
power, the speed of the motor being variable between 
300 and 450 revolutions per minute. In both the coses 
mentioned above, flywheels are fitted to tbu mills to 
equalize the loads which the motors have to take. 



Utilization of the Waste Heat of Mac 

Muni has been done In tbe UihI few decade*) to utilise 
t he heat In Iron Must furnace slugs, the annual produc- 
tion of which amounts to close on l^jDOO.ODO tone. If 
their temperature la taken at 1,300 deg. Cent, the quan- 
tity of heat they contain must be enormous, all of 
which Is wuxtcd- 

Kffurt* were math? mime years ago by the late Sir 
I,owttiUn Hell to save this heat, but the state of engi- 
neering aehle vi*uieut In his time did not penult a satis- 
factory hnliitloii of tlw- problem. Further experiment* 
linve been In progret** nt the tlarenc* works of Messrs. 
IWU Mrotherx, MkldleBuruugb, for some yeans, the pet 
.■nt* hello; In the hand* of the Slug Fewer Company. 
The tii - f plan was to dr. u the molten slag as It comes 
from the blast furnaces into water, and use the steam 
thus produced In a low-jwesMirc turbine. But the Coo- 
Hlflcrublc quantities Of hydrogen and sulphurated hy 
<|nigcn produced along With the steam gave rise to 
difficulties In connection with obtaining the high vacuum 
i .-. t. tl dhel -ul n-i rkh e of I lie i irl In* DNM 

tllfhoiUUti were overcome, hut a quantity of fine sul- 
phur wu« also prialuccil, ami this it was found Impos- 
kIIiIc to eliminate from the steam. Vet If It had not 
broil removed it would have damaged the blades of 
the turbine with which It came Into contact, ami would 
also hate It-li eked the "team puxHage*. Another diffi- 
culty Ml eattswd hy the fact that the hut blast-furnace 
slag Wang thrown Into water froth* up Into a foam-Hke 
•iOh*tuiii-e, which flouts, anil menu* bad to be devised 
fur submerging and removing It. 



Instead of attempting to u*e directly In the tnrblne 
the dirty steam generated by the contact of the slag 
with the water, the plan finally adopted was to employ 
It Indirectly for generating clean steam tiy means of 
a beut exchanger, the particular form ndn|sted being 
u Keatner single- effect climbing ntm evaporator. The 
hi* sing U run direct from the bla*t furnace Into the 
primary generator, in which an upright shaft with 
four blades revolve*, keeping the water In constant 
rotation. When the slag drops through tbe orifice the 
Telocity of Its fall carrle* It well below the tip, and 
before It rises to the surface It la swept by the moving 
water past the orifice and Inside the seal. An elevator 
then lifts It from the generator and drops H through 
a second seal ; by this time It Is waterlogged and sinks, 
and It la then collected hy a second Hots tor, which 
drops It Into rullwuy trucks for removal. The dirty 
«tenm passes from the generator to the evaporator, where 
it is used to produce clean steam, which la employed 
in the turbine. In the case of copper flag, the second 
elevator Is not required, sJuce tbe slag does not float 
In water, but Immediately sinks. 

Over 740 kilogrammes of wuter have been eva|M>rated 
per 1,000 kilogrammes of blast furnace slag containing 
MO.tlOO calories; deducting 1H.000 calorie* removed with 
the slsg at 1UU deg. tlent and removed with the 

water taken up by the slag (on the assumption that 
It absorbs SO per cent of wuter). the available beat b> 
490,000 calories, or, If an allowance of IS per cent Is 
made for lorn. 307J50O calories, which divided hy tfcU 
give 090 kllugranuaes of steam. As the result of many 



experlniento. the average efficiency of the evaporator 
Is found to be tii per cent, but taking It at only 80 per 
cent the amount of clean steam available for the tur- 
bine bi 4T'_' kilogramme*, and this with a consumption 
of 18 kilogrammes of eteazu per horoe- power, which 
la an excess of that guaranteed by the makers of tbe 
turbine with a vacuum of 28.5 Inches and a vacuum 
of 7 Inches over the water In the evaporator, means a 
yield of over 30 horse power per 1.000 kilogrammes of 
..lag. 

fupper slag contains less heat than blast-furnace 
slag, the amount being found by experlmeDt to be from 
.IIS to 350 calories per kilogramme, and therefore by 
a similar calculation 1,000 kilogrammes will produce 
231 kilogrammes of clean steam, equivalent to a yield 
of, say 21 horse-power tn tho turbtue. 

It Is estimated that with a 1,000-kfIowatt plant with 
75 per cent load, the cost of generating 1 kilowatt 
would be 0.33d.. whereas with a high-pressure steam 
plant using coal at 14*. 8d. a ton It would be 0.48d., 
the economy realised by the aid of the beat from the 
slag being thus tXltkl. per kilowatt, which under the 
conditions stated would amount to £1,111X1 a year. It Is 
Ktated that tbe upkeep of tbe generator nud evaporator 
Is snialL As the slag goes directly Into the water, 
ooly steam at 100 deg Cent which In contact 
with the plant, which Is thu» not subjected to auy 
great differences of temperature, while experience Indi- 
cates that there Is no action from the gases on the 
plates or tulies of the erapnrater, ]m>rlded they are 
kept clean, - - ATNgia'wfag eag J/iafscr JearaoJ. 
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Stress Distribution in Materials* 



A Review of Various Methods Suggested for the Solution of Important Engineering Problems 

By Prof. E. G. Coker. M.A., D.Sc., M.Inst.C.E. 



T«b fcul»Jwrt of distribution in material*, wbMi 

1 have enow*. f<>r t>it» *d.lr-n*. u uut oue- whirl, an 
tttigine«*r uati claim at) bi* pt-.rul.ar ppjviur!«*. fur It baa 
lieen aitd »lill i* ii fruitful field of m.wtlgalion for the 
mathematician, tin- physicist and the jtim^<ihI, ami ba» 
alwuvtf beeii *» jim-* ihn wmmi-ti ccinc n L uf K-ientiGc 
inquiry. 

Tho devulupmcnt of archil** Uiro from the earliest 
dwelling* of *»vagt> hm'w to the groat uunph-a of Kgypl 
anil Crowe, th* bridic-* ami aquvduett* of tit* Koniau** 
awl tbu .oediaMal buihliug« of Hurope, all bear 
b» tin* vxuinuUuiuA of praetieal knowledge of the proper- 
ty.'* <>f niat«triaU And of tbo stroa* distribution Jo struc- 
tune, which we <*aun»t f*d to *Jiulre, although *« kao«r 
far too little of Uili way in wh*oh Lheae am.Je*it tftructurei, 
w.rv platuivd ami eoUrjtrtjr»t*vd, The magniiic«int archfd 
ami <i<Hi*il bijIMlug* of tho IComau ptiriod. and tlw aUUdy 
cathedral* uf latur tiui«s with their Wealth of are luUclural 
form — lower and Mpire, tiding buttrms and vaulting — all 
•(how m»w ooiLjiuVrable was tbu practical knowledge- of 
strwi ilihtributioo pobs«smlmI by tho outer buildum wlio 
planm d and carried out tbeea irreat structure*. We, wlio 
inherit theau building* as a prurious legacy uf bygoot' 
ngi.«, have at our command far greater rmourcc* in the 
aoouiauUtcd knowlougeof cwiturita of aciuaU&c diaeovcry 
and invention, ami ran build raoru complex structures — 
irreat bridg*.* of bVtI, towering framework* oovwrnd hy 

auiNt bewildering intricacy. All th«» wo can bIwiw to 
our credit an the. result of the xbvody uicmaso of scinntifio 
knowledge applied to praetienl and*, bat, even now, 
koowlrdgc i*f tho sIitomw whteh «.nwt upon thaw conv- 
pUac utrurturtM and macliinra in relatively small. Scirn- 
Ufte investigation* of ooginnrring problnnu of «trf** still 
lag tmhind cotutraclive ability, and defective knaalrvlgo 
in ohscuriHl room or kta* by approximate thsorin* and 
iHitrritMUM] by far torn of uffity, which wrv$> in orw in- 
itLanci^ iicrrbaps, but ahow in otlwini that th«y bav<> rrmrt- ly 
givftn a *nn«t' of fancied aot-urity with no rnal bas», ami 
arii intwit property factan of tgnoranoii, (o bo discardwl 
At the <taru«»t moment Who. for tixamnla, c*n any with 
rtrrtainty what U the strcai dUtribution throughout tho 
wrtupnswion nwmhcri of a grnat bridge, built up of nom- 
plw.:at«<l »tc«l shapni and platm, um'tod by 8tifTvuioi; 
angl.-H. giuant platm, and iiinunwmhV rircW ? Tbore in 
pnil^hly KOrtd rra>nn for tho bolkf thai a great strut is 
n'lativuly wraker than a small one. whm both are 
deigned aorording to the somo approximato formuJw nuw 
Mmsi m ourrent praotioo, and engineers are unwilling to 
lake the responaibility for such mflmbers iu a ervM »lrut> 
lure, without providing a v«ry ample margin of safety 
to <«over tho eoutingoooi^e artoitkg from lack of preofao 
knowbHlgo of Ibe strength of lbo« meinbt;r»- So ntiinor- 
uiu an< the problwik* which arUo in thv design and oon- 
ritru4 t*on of uiacbiuM and structurwj, that it in perhaps 
nut unproCtalilo to devote a short hour to tlvc- ouosidera* 
tton of *Jtn*> of thv availabla menus whit'b an engineer 
eau uiu u a guide for bin aj>i>lleatioiui of seiemsi to 
i-onstruetion, stw-'e uf whatever kind are Ibe professional 
activities lie pursitte, his placo in the aebecne of affjun 
ntainly depemU on ltia ability to make machines and 
structures for dirorting aod modifying naturul sources 
of power in km»an way**, or applying them to new pur- 



It id i>f M>m<i hi-Jp t<> iKir approeintioo of tbo vbuiro- 
iquoM *jt thi: itrvut dinfitriuff >rn of piut ngi;«, if wo n»- 
MtMJikU<r UiAt thjpy pi\itiul>]y all luilij Uto ttrronfoiu liow 
i\mi mntoriiUM of <*mAtnunu>n &m pwfectly rigui bodiw, 
Mid. indeed, »» kit<>w (bat u lal/, u l&Ci (ialUoo Galilei 
wiw of Ui»t o|>ini>.n, and that bo aanw> til an entirely 
wrooe conulii«i<io a» ivifanli tlio «tr<^» dutribntiao in a 
IoiuUhI cantilrvrr. 

Kruin tlw 4t&m]jn)int of tlio cngincor. nothina* ia of 
I'i'iiv pru ui'id iui|xirUin.->' tlian Uie groat di»«miri«« of 
lt»uk» and Y""ng. tluit lKHlioi like 
■.l^Mio arv "»|irine>-" »r.il Ipavo a airai4« 
U l»—n stn xt and ju-iuii. H U pnibaUy witliiu Ui« 
mark Ui say tlutt riim. tj nth* of all til* oxinriineatal iu- 
vt^ticull'jiL^ hij eir»e4« diNtributioiui iu fltniotiuvn havo 
Ih-ii cnimly \xv*m1 «o tl»< fuudiuiwilid pniKliitnt wkluh 
llit-y i-nuliciHtt'il, and few arv mEitiuualiy 4irlHlli|C. 

Tho n-Lint uiM'lxtnti^u "f llw iMd Uirblutj lo thv pro- 
pidniuu "f >liijm ppiduovil n jirnfvuud rkauev in iti&rino 
<Mi4pmi prwiKH', aud luuid> iitally involved all mlira tv 
ronfltriKUim <tf mt'-li'td? ubtainiinc tbfc horaw-poir*ir 
drvdopfd, uljii-li had b'H-ri ^ni'l'ially porf.^U'd frx»m tbo 

* An i»<1ilrt*»« u* lti.i Eii«biK^Hii< b«*-tuja i>f Um> lintkth Amiov 
lit uf !*.-t«i*-». I>» l»nir R ti ( tiir. M V, 
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timA of Watt, Uut nyirc ahsnlulrly twlimx for tlui dow 
ftygfro of pn>puiirion. II«M»ko'» diico«< ry uf tbo caumtial 
MprinifinnM of rodtalx «?aaliliHl onjrtnoom quirkly to doviw 
liow ii^tranhonU «-jt]iable of an^iratt'ly raouiiuritiu Uic 
inflmt'«inud angular datortionii of |>r»]Kllrr nbafu, aod 
friMti tlk*^* to d*.'l*'rT»iii^ tbo hor»f-pnww tmnnmiltvd by 
iIil* aid of an Ap]kropriat« modidua. 

The t««nitriMi"in of tall buildings afford* annthrr ox- 
»ni|»le whrtw adtaiitafo ban boon takon Ui dot. rmiim tbo 
lotuU « ton ooJumns hy nvasurine tlie minuu> diDiin»tiim» 
of l*in«tli oa tho stnicturo prnooodn, tborehy affordiiiK a 
valuable chwk upon thr nakuuttinna for tbo»o nMimbcr*. 
and a Miabk indiraijon iif die prnwurw nupnorUxl by 
tho foundation*. 

The diKthbutiun of *Umi in buildingii oonntriioted of 
<-»inpo»ii<> nunerial* like «irKTOt« reinforwd with »t«el 
ha» »Ii«j Inwn «nainine«l by similar nwthodi, aod niifcdi 
data for euidaiKt* in future i-oiibitruflional w^rk ha* Imvu 
oIiuuihhI, ^<|M^ialLy in tbe United Kt*U4 of Amerira. 

The villi m<»re diOlaill problemB involved in the deler- 
itunalioii of the .trewes in juinU and f»teninic» uf eom- 
|<IU»Uil structure* Iiavo often been uitoitli.-ated by 
purely ineebanical bie«wuretiientt uf atraiti. and the ex- 
IMTuoeatal luvetftiiratioiu uf rYofewuni Harrac-loueb and 
Uibsun and tbeir pupib upon the distribution of hItum 
due to riveted joints and eurved plattv of butler sholhi 
afford a notable example of tile mceeiuful appbeution 

of tbe arantmt of small ntniim lo a stran problem 
or trreat eoinplexity. 

Tbat "science u mcuureDunil" u here sufneicnOy ob- 
vious, and it seems only due to the memory of that grtat 
eiufineer. Sir. Joseph Wfcitirortb. to refer to Ilk great 
meetuuiejd aehiercmenbi uf a true plane and well-nigh 
prrfoet screw, wfaieh enaUed him to measure changes of 
one millionth of an inch, and thereby irnvo experimetitat 
inr<«tiiratiikns of strains a new impetus, which is rcilcetod 
in subsequent work on the subject. N<»r must we f«»rsi k t 
tlie ntt less important expoettion, by Kelvin and Tait, of 
the seientiile principles of instrumcsit construction whieh 
hare done so much f«ir tho design of instruments for tlto 

Mechanical measnrements eannot, however, completely 
satiM,, idl our modern rcquircnicats, since they are »ee»-ii- 
tially average vallum, and fail Co aecoRiniodato thetnstl ve* 
to niany of thr. (iruhhims which press for solution. 

In the nw-t for exact experimental knowledge, tbe 
me*»nr«m«(it of »tre<w at a point beeoniet of paramount 
importaiKH., aud we may, therefore, inquire what furtlier 
ue.wns the researches of puro Bcit.uw nave ]duml at our 
dlKpoeal for the determination of 
tiuttriab). 

It Is w«.|l known that many 
destruction show a considerable rino of temperature at 
the place of fracture, especially in very ductile materials; 
but Weber Was the first to discover tliat A metal wire 
wheu streUihe<l within the elastic limit is eooled by tbe 
action of the loud, and the* result sm deducted later 
fruin the laws of theruio-closllc lx-havlnr oi materials by 
Lord Kelvin, who showed that teusfciu aud cumpn?ssion 
loads produce opposite effet'ls, aod that materials which 
have the properly uf contracting with rise of temperature 
show thermal cflecu of tho reverse kind. Although the 
changes uf tenipexaturo produced by strew aro small 
within the elastic ramre-JcM than 1 dc«. Cent, for moat 
materials -yet their effect upon a lliermo-eouplo is readily 
rneasurnldo n* the equilibrating effects of surrounding 
hodict are neutralized or allowed for, so that s4roes dis- 
tribution can bo determined hy thermal measiircnients 
at a point. Tho carmotion for such disturliing oausos is 
uaually an important factor, and is generally to large 
tliat ex peri mental work u more suitable for the lal>oraUiry 
than tho workshop; but if all necessary prreautions are 
taken a linear relation of stress to strain can he shows 
to huld up to tbe cla*tie limit of tbe material, while above 
tins point the break-down of the ttrurture eauaas a rise 
of U mtH'rature of so marked a character that it has been 
utihied by several iuvoatigalors as an indieatiou of the 
yield point. 

Kxpuriiucnts, upon nioaibcrs flub>*cted to tension, com- 
prctuiun. and bendtns;, show tliat thermal pbeaouiena 
afford trustw-ortby indtealious of tlie slresi in niaterials 
so diverse as a rollrd-elLel seetiou, a block of u.jncnt. and 
beams of stunc aud slate. Althouirh no atu-ni|>t apprars 
to have beeu cuide to investigate strew distributions of 
any great complexity, it sernu not unhkely tliat thermal 
mctliuds of investigation will ultimately prove of con- 
siderable value. 

The transparency of metals to KonUren rays is another 
phenomenon which has often been suggested as likely to 
bu of en hi. I,a work (»n »ln» dutrilnitiun in maVriaU, 



and Mr. Ifowirravn (Iraham and I have exaaained a 
number of rolled metab. lindeir itress up to tbe breaking 
point, without, however, discovering any elsatige in the 
appearance of the material as seen on a fluorescent screen. 
Although our experiments i.h.iwe.1 no pnwptible ehange, 
it is, <tf eeurw, not ini|M»o,jl4o Uiat an effect may have 
eanapod our notice. 

and still more fiwiivatlnu rk<ld of researeb on 
i« affor.l«l by tho doubly retractive 
properties of transparent bodies under stress, a discovery 
mode by Sir David Brewster almoet exactly one hnndred 
years ago, and but rarely made use of since by engiikonrt, 
although Browner tumseb* iminedlately saw its value far 
experimental purposes, and stigKested that models of 
arches might be made of glass, and the effects of stresses 
due to loading rendered visible in polarized light. 

Brewster carried his wvesllsmtiucu further, by the in- 
vention of a "chroma lie tetnometer" for investigating 
the nature of strains, and consisting of plates or bars of 
glowi gubjeeled to flexure in definite ways fur oomparinon 
with the body under stress. 

At a mueh later date (18-11), Neumann developed an 
elaborate tboory for the analysis of strain in transparent 
. bodice due to load, unequal temperature, and set, while 
still later the youthful genius of (Terk-Maxwoll t 
au algebraio solution for the serosa distribution in i 
plate subjected to stresses in its own plane. 

and machines has, however, been hindered by causes 
which, although apparently inagnjfktant, have been very 
real obstacles, and among thorn wan the absence of a 
transparent material which could be fashioned into shapes 
suitable for investigating teeluiioal problems. It is not 
on easy matter, for example, to construct a glass model 
uf a bridge free from internal stress, in the manner sug- 
gested by Brewster; and, ntoreover, gloat is ejrtremrty 
fragile under load, csjKcially in oases where the a trees 
distribution in it varies very much, while tho cost of con- 
struction is very great. Happily there is now no neeetasly 
to employ gloss for experimental investigation on en- 
gineering problem*, since modern chemistry bos supplied 
ortiAeinl bodies, such as live nttro-eeUulose compounds 
which have optical properties very little Inferior to glass, 
are able to bear great atreases without Injury, and also 
are capable of being fashioned with the ease and otirtainty 
of a wooden model, holographic processes are ixlso able 
to reproduce live brilliant color effects caused by stress in 
lrari"]«ront materials, so that permanent records ran now 
be made for future reference. 

The couslruelion of pulariscopes fur examining models 
on a large eeole Is very essential for technical rcaearch. 
ami the great scarcity of Iceland i)iar of sufficient purity 
und siite for use as Nicola prisms has caused much atten- 
tion to be paid to the construction uf apparatus for pro- 
ducing plane polarized light by tbe aid of sheets of frhus. 
fortunately tliis presents little diifieulty, and although 
the light is not nearly so well polarized as that obtained 
from u NUol's jtIsiu it is sufficiently so lor the ] 
Large quarter-wave plates uf mica havo also 1 
structed by my cuUuogue, Prof. Silvanus Thompson, 
r*.K.S., for obtaining circularly polarized light, and theee 
have proved sufficiently exact and exooodingly tiwful for 



It is of importance to shew that the nm distribution 
revoalod by a polariznd beam of light rousing Uirough an 
elastic transparent material in no way* differs from that 
obtained by other means, and ovideoeo is available in 
modern rcsearchos, especially by Filon, that the experi- 
mental results ohtamod with glass agree with those of 
the theory of elasticity, while a satisfactory agreement 
of a similar kind has ohm been obtained with nitro- 
cellulose compounds, although not in so Complete and 
direct a manner. Such an agreement may bo expected 
no theoretical ground*, since the values of the elastic 
constants do not affi.;t tbe fundamental equations for 
stresses in a plane, and altlkough for three^limensionol 
stress the effect of the stretch-squeeze ratio causes some 
difference, yet tliU i> uwially negligible. 

Must of tlie physical ooustants of glass havo beta 
detenulucl with very considerable accuracy, but other 
transparent substance* have so far received little atten- 
tion, and their optical constants ore not well known. 
The stress-strain relatiuu of gbut and nitro-oellulose 
have been detcruuncd with considerable accuracy, and 
a useful idea uf their relation to metals may bo gained 
from tbe values uf the stretch-modulus. K. and tho 
xtrotch'Squccxo ratio, *. 

The accompanying table thews some iiverago values 
f..r » feu important materials .Hid it is .if iot, irst to note 
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glass arc very iiiiniliir, while the vidian of the slrefch 
modulus are nearly a* three U> two. These two materials 
elan possess other like characteristic*: they are both vury 
brittle, and possess well-developed crystalline structure, 
an that we may expect the properuos of cast Iron under 
•tress lo Ui very faithfully followed by plate-glass. 
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The hieii value* uf tho stretch nuidulus fi>r slis-l and 
wrought irtio an* nut. ap|k*rcutly, approached hy any 
transparent material having similar <liictUii propertii*. 
Init although nitra-cclluLose has a stretch modulus of 
rather toss than one hundredth that of strd, its strcss- 
•train properties am not unlike. In somo recent evpcri- 
mi'nti with a miniature testing machine fitted with an 
arrangement for recording th«i strea^train relations of 
xylonite throughout tlw wholo range of struts up to frac- 
ture, tho main rliarautoriiitiw of tteel eiqicar on a very 
much reduced wale, and give additional oonfldcnoe Uiat 
the result* of optic al experiment* ou this material are 
applicable to metal structures. 

Tho complete analysis of strew distribution in a plate 
in not. however, a simple matter, and I be analysis of 
Clerk-Maxwell in intended to provide u solution baaed 
on tlw proiiertlM of Ibo iwrluwutie and isoelinic linen, 
roupltsl with the law that the optieal effect U proportkinuJ 
to the difference of the prineipal stresses at a polut> and 
to the thickness of the plate. 

A prineipal strcs* Dcrjiendicidar to tbe bouiulinj; plunr-i 
is assumed to have no optieal effect ; but since many cases 
have arisen where there are three ]xrindpul stress oom- 
poncuU. it seemed desirable to examine mieh a eaao cx- 
ptiriioentally. 

Soiimi observation* on circular platan damped at the 
«lges and uniformly loaded over ono face, showed that 
the bcoduig *tro**c* produced in the plate caused mry 



also appeared to be. practicAlly negligible. The only ro- 
maining stresses of importance wore those caused hy tho 
clamping plates at the boundary, which produeed radial 
and rirvumferootial stresses having circular symuirtry. 
and an tho optical effects of theee latter disappeared at a 
■mall distance from the idee, a field of view wat obtained 
in whi.-h the optical off vein of load a)iptied perpendloularly 
to the plate were quite small, even when the Internal 
slroue* wore very great . 

Two etrcuUr plates elainpetl taKether to enclose a space 
between Ihetn may therefore he used as windows for ob- 
aervlot.' the effect of a uniform prenarc upon a trans- 
parent sprcameu. wbLoh latter may be a plate wilii ita 
faoes paraUel to the end plate* elosins; the chamber. If 
ciibbcal compracion is applied by a fluid, the principal 
streeew in the plane of tbe plate produce opptxiing optieal 
effecU. and any rcmauiiDg effect t* doe to perpendicular 
son the face*. Tho arrangranent of oiperiirecntal 
, took the form of » pair or trans- 
parent windows separated hy an annular disk, and firmly 
clamped together by oollan. The central chamber *o 
formed was subjected to pressure of air, or other fluid, up 
to aliout one thousand pounds per square tneb, and after- 
ward the <pecimea was Introduced and the same immure 
applied: but do risible change of effect could be ob-jervtxl. 
KinalJy, the ppedmeu was set in the field of view outside 
the chamber, and prewure, atrain applied by the fluid, 
but still no change was apparent. In all three cams the 
op tica] affects produeed were small, and practically alike, 
ao that the experimental evidence appear* to warrant 
the eonoJustoti that a prineipal siren In the direction of 
au incident beam of polarued lusht has no optical effect 
In a thin plate, or at any rate is so small Uiat it may be 
neglected. 

That the retardation between the ordinary and extraor- 
dinary rays s> proportional to tho stress diff orence per- 
pe radicular to tbe incident beam within tbe chwtie limit 
of the material may, therefore, he taken as reasonably 
accurate, although future reaoareh may thow that it is 
only an approximation, or nren that it is more aeourate 
to comjBcnoc from a fundamental strain equation; but 
ng to pre*-* 
t for such a ] 

A mere preaeing difficulty um with regard to tlio 
optical constant couneettug the wavo-length retardation 
with the rtrtus difference. Tlw recent research™ of >*ilon 
s show thai fie value uf thU constant is curiously 
the prevkitis bistory of tbe malarial , 
' as regards its beet treatment. Until furtlirr 
Is rauu-d on Una matter it appear* to be 
neoetwnry to guard against errors in stress mcasnrcrocrit 
from this cau*« by a careful nelevtiou and treatment <if 
Use n-iaterial used, since for oilier artllMal hcMlira we mav 
And UuU the variation in LI*, con-.ta-.il u uol leu hi mnt;- 



aii^l m at Utaet a-» iioinplox as in fclata- lu some 
instances ihe #.tre<ts iiptjcal eoeffioi^ul may be di>ipun»ed 
with, and rMon has shown, in eases where a theory of 
stress distribution haa been worked out and it is desired 
to compere It with Die results uf optical measurements, 
that the IsocUnlu lines offer many advantages, since they 
aro independent uf pboto-cuutie eonslauts, and the 
material need only bo subjected to small stresses. 

The experimental aaalyso of strew distribution in a 
body depends on tho possibility of finding the masTniludes 
and directions of the principal strcese* at overy pouit, 
and in practice it is found the simplest plan to determine 
the itiroctuinx of stress from the linos of equal inclination 
oblaine«l in plann |Milarized Ught, and to measure tile 
serv** diffeiT'iiee hy comparison with a wavo-lcngth stand- 
ard, stieh as a Uabinet compensutor, or by eom|iarii«ou 
with a simple Icsufion member set alung one of the linc» 
of principal stnsx, and leaded until the total effect pro- 
duced is a dark held denoting a zero value. TbeduTercoeo 
of the priori |ial streasc* is thn 
(ample tension. This alone is insufficient to 
the distribution, unices one of the principal stresses is 
sero, and, in general another independent miuuure must 
be obtained. This is very conveniently supplied by the 
change in tho lateral dimensions of tlwi plate under stress, 
since this trhango may be taken, in the absence of a third 
principal * trees, a* proportional to tho gonoralutd sum 
of the prineipal Btreomi throughout the thtclrnras- 

Tbo determination of tlw lateral strains tn a compara- 
tively thiD plate, forming part of a model of a niaehinit 
or structure, neewsaitatee measurements of extremely 
minute linear quantities. If, for example, a plate of 
xylonite la taken, of the maximum tldcknem obtainable 
for optical work, a simple ti&loutaliou shown Uiat tlteee 
strains must be measured to an accuracy of one or two 
millionth* uf an inch. Several instruments have been 
designed and constructed for this purpose, to fulfil con- 
ditlona which appear to be essential for Bucceesful use. 
It is niwossary to avoid all chance of injury to thu surf see 
of a transparent material, so that tbe measuring points 
of an instrument can only be prtsmed lightly ugairiM the 
surface, and the weight must, therefore, be supported 
independently of the model. In instruments so far con- 
structed, the measuring mechanism is carried on a U- 
xhaped frame, for convenience of movement from point 
to point of thespeeimcn. One mcaAiinng needle is secured 
and operated hy a calibrating screw, and tin* other is free 
to move a multiplying lover system, ami thereby tilt a 
mirror to give an angular deflection, w-hich latter is cali- 
brated by refereooe to the standard screw when the in- 
strument has been finally secured in plane, in 
work the labor of accurately setting tlw instrument in a 
number of different positions ha* proved so great, that 
my aselmant, Mr. K. U. Witliycombe, has deaigoed a 
useful adjunct in the form of a mechanical slide-rest, to 
effect the required change* easily and expeditiously. In 
one arrangement, a bracket uarriee the measuring Instru- 
ment on a three-point support, and movement la effected 
by slides arranged to give dbphvecment* along three axe* 

micrometer screws to an accuracy of rather Ices than one 
thousandth of an inch. 



cullies of tho Clerk-Maxwell analysis, which necessitates 
the determination uf the equation* to both familiua uf 
iaoehromatio and tsoelinie bands, usually a mathematical 
problem of considerable complexity. In somu simple 
cases, Mr. Scoblo and I have verified the accuracy of 
the metbud of lateral measurement* for deU'rmuiinsr thn 
sum of the principal strews, by eumparing the calculated 
strvxusD* with the cxpceimootal values obtained in a plate 
uf transparent material. We bavo lately carried thcao 
ejrperimcnts a stage further, and havo shown that the 
of die prineipal stresses in steel agree 



in fact, give* the strews at a point in a plate, if tbe con- 
ditions are those aasumed by tbu mathematical case of a 
plate where generalized equations of stress apply. 

It is at onco obvious, if tho utility of experiments on 
model* of this kind is admitted, that experimental evi- 
dence is available on a variety of practical ejigmonring 
probiema covering a very wide fletd uf practice, not 
merely qualitative, but quantitative, and approximating 
to the needs of the physicist and mathematician, and well 
within the known variatioDS of the mat/rials with which 
thn engineer has to deal in his daily prnrtii-e. 



paid to the determination of the strewn in structural 
element* of primary Importance, bat only a small number 
of ease* have been examined, since even lh» simplest 
problems have proved somewhat difficult, and much time 
and labor have been spent in perfecting optical and 
niechanJcal appliances to suit tbe special conditions re- 
quired for Investigations on transparent models. A 
simple example uf a ease easily examined and of prac- 
tical importance is that of a tension member subjected 
to an eccentric load. The optieal effects here show a 
linear distribution of stmts diw to the onmbinatiun of 
direct pull am] Uudiug, while tho neutral axis move* 



toward the tension sule a* the 6 tress uKreoscs. Not ouly 
can these effects be mnosured, hut If the specimen Isegiiei 
lo fall sumo indication is obtained uf the way in which 
the stress distribution is changed to meet tbe new con- 
ditions, and thorn is found a teuslency to an equalization 
of the maximum stress at the boundary, although at 
present tbu form of the curve of distribution beyond tho 

A ease like that of a very snort member subjected to 
direct eouipresaiua is auw not without interest, partly 
because it reveal* UDoxpoctod difficulties. In the first 
place it i* not <a*y to apply a pure eumpreaiioD stress, 
and if thu siuTurve i 11 >-ootaol are not ol the somo materials 
it appears to lie practically lm|<os»ible. since tho lateral 
clianges arc unlike, and sh<« stress Is therefore producnl 
at the plane uf the surface* in contact, lu a short mom W 
tills shear has a v.t> importaiit inlluence, and hy inter- 
posing a thin Inyir of a RUterial, such as india-rubber, 
between the prvxturii plates and tbu short Irausparant- 

rubber is easily sliown to mfluencc the distribution 
thruugfaout, and to increase the stress in a very marked 
way. Experiment* on transparent materials show that 
tlte increase of seres* may be twenty per cent or eveu 
more. Such on effect is known to take place when cubes 
of stone are crushed between lead plates, and optical 
investigation* ou tnudels have enabled a quantitative 
measure nf the effect to be astMU^ained in tbi* and other 
cases, thereby dmhriuiug the theoretical investigations 
of Pilon on the distribution of stress in such nuenibers 
under various israrllcal systems of loading. 

The. local effects produeed near the point* of applica- 
tion of a load are usually uf considerable importance, 
and their inlluenee on thu stress distribution in beams 
has been examined by Cuius- Wilson. 

The sirens effect* produced by discontinuities In ina- 
U'rials are also of considerablu intercet, and the oases aris- 
ing from thv necessities of construction are infinite in 
their variety. 

The practical importance of an accurate knowledge of 
the change in stress distribution produced by changes of 
section in a member is so thorougldy appreciated that it 
needs no insisteni*, and it ha* received much attention 
from u mathematieal point of view. Thus the local 
effect of a splierieal cavity in a nrnmbur subjected to 
uniform tens ion or eompreMuoo load bus been shown by 
Love to double the intensity very nearly, white Kirxch 
has shown that a small cylindrical hotu in a tcustun mem- 
ber trebles the stress intensity. If the hole is elliptical 
the increase of stress may 1* aril] greater, and Inglis ha* 
shown, among other intereeliug casus, that if the minor 
axis of the cilipno i* parallel to tho direction of the opplicd 
load in a tension member, tbe stress Intensity is inertsued 
by an amount measured by twice tbe ratio of the axis 
of the ellipse. 

A crack, considered a* the limiting ease uf an elliptical 
hale, is thus seen to gito extremely great strexsr* at the 
ends, tending toward inlliute values for an extremely fine 
ernek. 

Optical oxTHferiiibunta afford an indejx-ndent means of 
examining the alterations of stress intensity produced by 
discontitiuitiee, and tlie resulu arc found to agree t>- 
well with tbuwe obtmne.1 from the theory of 
The strews at the boundary of a small cyliu- 
drii*l hole in a plate has been found to lie almost exactly 
three time* the stress In the full plate, ami the effects of 
holes comparable with the width of the n onion nieiulier 
have also been examined in somo detail. 

In the ease of a rivet just filling tho hale and exerting 
no tangential effect at tho boundary, tlorc i* a leeaenotl 
tension stress across tho minimum ssvtinn at the bound- 
ary hole, accompanied by a marked radial tension. These 
effucts have been recently confirmed in a ntntbemutkssi 
by Suychiro. Otbor case* give satisfactory 



investigation will 
pmvo useful in some of the I cry complicated ca^es arising 
out uf unsjuieuring practice wh«o analysis is difficult, if 
not impcesiblo. 

The effect* of overs tress in maUsrlals may also bo 
examined by optical means, and although the laws re- 
lating to stress distribution ID overs trussed transparent 
material are not known, tlie general effect* observed in 
simple case* are fairly cvideut- If, for example, a tension 
member of gtom is stressed, thxru is no ductile yielding 
of the material, and the street will therefore rise very 
rapidly at the boundary of a small hole, and fracture will 
tliernforo occur with a moderate load. If, liowovcr, a 
ductile transparent material is employed, and the material 
show* signs of failure at the hole, the breakilown of the 
structure spreads outward as the load is inenwsod. until 
we may liave a eoudition in whiob, within tlie clastic limit, 
the curve of -strews intensity at the minimum suction 
accord* with calculation, but ut the oventrwued part 
the stress tends to equalise, and the curve of intensity 
tend* to become horizontal near the hole. The niran 
value of this part uf thu slruea distribution may be in- 
ferred from tbe difference between the total load and Ibo 
\aluee Mow the region of failure; bill the uuc 
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dMirihiiUon ol tlw> 8W l |W lias uot burn aecur»t*l,v 
■jptfarniDiMJ, mt ttiat tin- shapi) of tbi« \M-*k m Ur^lv 
conjftrtural. 

Tlw I'ffwU itf group* of rivoU «iM,h a* oeriir in bralgM, 
i h: iU<r«, and ntru«turml UK-Ji.buni i>f all kind*, afford ample 
•cupe for further inquiry ; tat b^fom? moni exart kaowU 
mIuv con Ui coin*] «f Ui« oondiuon of fit re** in a raui- 
p!k*Um1 rivctMi joint it aj»i>%»n* n«w«Rry to *aamian 
tliuruuchly to* very nimplo room. 

Uilwr mt«re*tiniz aw« of discontinuity in stnifturo 
are afford**! by tlw eaigiae hatchway*, |fun-tiim>t«, funnel 
openimea, ami tlw like, in hIiIim* dock*, and wtnc progrvw 
in UiU ilir«lk»u lut* Ih*o mod* by experinwmU on raooVl 
docks, HubjeeUni l« IjimU Um AoM p t o dtld *b«n a 
vmnel our L« Ibv wav<« due to a bead i»na 

Kvca if the utility of traiwpwvut modeUt U Ml out of 
account, it U generally acknowledged thai many «n- 
IfiiMTrins; probletnu ore of leu umpliAed by tlw u**- t*f 
MMl of ami ntrueturin on a small aealv, where 

eireuiiuUni*es forbid ex|Mritnratul examination of the 
uotual work. No defftur of their use is, 1 Utmk, tum- 
Mu-y, snoo tlw employment of model* in a characteristic 
feature- of lirilish methodx, not limited to engineers. Ke<l- 



.lire of tlw *tbiir 

the atomic dust, b»vc freely employed tlwir great 
in the conalmctinn of mechanical model* and 
diagram* to explain their views, ox in tut' Lodge cog- 
wheel diagram* or the elhrr, tlw- planetary systems of 
atom* of J. J. Thomson and Rutherford, Utd tbe grouping 
of nU.mvuU by Noddy. 

Kwuwn have nut til* Ml groat dificultin whwh 
eutiftvinl lliow who an- ad vanning the laiiroilarira of pure 
schsnce; their models arv vefj much what tboy phja*e 
to make tbrai: but, even linn, pnibb-nu arise which arv 
sufficiently difficult to tax all the r.xiurom of i 
science. The buhavior of model-! i-uniid«rcd a« i 
structure* is. therefore, a subjcel which cnginecra arc 
buuivd to iuvcatigali! in ordtT to .|. l.Tiuinc tint i*kU ut 
HiikI and moving UhkLi. the uoiion of wind, tlm pnawm 
and friction*! oflreU uf .toani and olber Buidn, and man) 
utlur problem*. 

In Uh ma^irity of ™« the rimpkM and tlic mo»t 
din^t method u Uic «xpcrim<-ntal ntudy of a m.xW, from 
which to obtain the data rM|uiml for fak'Ulntlng •AWf 



on a fulMxixl .itnicturv. and honor tb« 1 
bnvr r*«fi\ cd a viiry clow MTrutiny. 

Altliuimh nio»t valiialiln information can bt obtained 
fmm mo<M«, tli>ar iiMifuliu^u i* cloarly IflsHed, Tbo 
■•ffncl» of the dead weight of a itruotnre are proportional 

ui 1 1 ut»- of the linear dinKiwioM, and are. therofoi*, 

not OHiially ni^*Aiirable on a imxlel except in exin-ptional 
eirtrun»itanceA, an, for ioiitanc«, where elaaiir jcllte» an> 
<inij>lo.v<il, a« Ui tlw woll-liuown invextieatioiu of l*ear«oti 
on tlw. l |l»tnl»uta.u in rc*<rvoir dam». Nor are 

i|Ue«tlonii of utablUly easy to solve, »inc« the forL« pro- 
diK'iug instability are pruportiunal to the «Uo of the 
model. On the olber hand, ulrem eff«t« due to appbea- 
twins uf load may be measured by the etraiiw produerd 
in a model uf the Nunc material, if the loadt an propor- 
tiunal to tlwt sijuarei of the linear diiiwiisUiQH. Tbo off«et* 
of applied load am «tudw«l ev.-n bi-tter in a mu.b.1 oon- 
striwit.-d of uan>|ianuit material, since Uw vartalloll of 
HtreM from point to point can lie studied with much 
greater camc and ccrlaiuty. 

,\- detailed modeU of thu latter kind preaent some 
vaniillonr rroni the usual IMM of siinilarity, it may be of 
IMHIM to Indicate tbelr nature, yiiKtionx of deforma- 
tion cb'arly involve tbe eUi.ll.- i-oll-tanta of the trans- 
Parent material and their reblnu to thouc of ton pro- 
injied structure, while stress datrlbiilion in the aolid is 
tnllueneed by the value of 1'oisbou'b ratio. Thu latter 
effect i» quite small for irhisi, but may bMMI apprceuitib- 
with oUier Bibstanee. It is negUgible in a model of any 
material wbieh aiiproxinmtes to a thin plate sire***) by 
forissi in iu own plane. 

Th» optical ciTvctj) for any given load an-, moreover, 
independent of tbo thleknt-o. of the nuttehat, and depend 
upon th*' MprtH* differelw-e, so that eokir effi-et.i are ob- 
raiiwnl which may Ih> rvgardi-d as pictures or shear s^-en^ 
thruugbout the hiihIuI. Mi«lern researclwa on ductile 
tnaterialu like structural steel ilidU-ale that sueh materials 
fail at Mime, liniilltig value of shearing strvsi, and sin--e 
tlw- pla-.>*i where tliene hunting valut-s are mw-biHl in the 
ru.idul are i-iaibh Ui tbu eye, the wi«k plai-e* in the design 
of a struelure call be a«-«rt»iiH-d and a faulty design 
MBMM by purely c»|*-niucutal muaus. 

la this eouneetioll it is ol lulerwst tu lUeUtHill that 
M. Meaniurer. the eluef engineer of bridcm and road* to 
tins Kretjcb tio%ernm-ut, has reeenvly construct-*! an 
elaborate model in glass of a design for an arched bridge 
'if about -till feet span. This iuveaticatiim was con- 
sidered advisable for a work of this magnitude eon- 
strjetssi of reinforced concrete, m order to cheek tin 
e-\l- illations, es|ieeuUly of maximum stresses in the arclu-d 
rib*, which latter were aitiuiuod to In- tixtsl al tbe en-Is. 

Tbe effecu of rvinforoumenui wrre allowed for by 
determining equivalent sxr-tuiro. of glaiei for the lueinbeni 
ol tbe luodcj. Many difbeitltiw hail to l« I IH I W IH— in 



the production of a model free from optical defects, but 
tlwsic were, all suoewwfully aurnwiunted. Tbe stresses in 
the model wore dotermineil by aid of a llabinet com- 
pensator, and formed a valuable eh- -k upon tbe calcula- 
tions for a Htrueture of this great magnituile and some- 
what unusual doeign. 

In this brief and Incomplete acrouot of a small branch 
of applied seience relatbic to engineering the fundamental 
iniinirtaue* of dm-ov cries in pure seienne w i 



A Homemade Ply Trap 

A 1rtE.1t Issue of the H'eeJkly A'osm Letter to Crop 
r'orrcspoiidcNis, tisracd by the l>e|iartment of Agricul- 
ture, gives a ittisniptlim of ft rnenp mid en*lly eun- 
stroeted lly trnp that wai sc-iil to the rieparUnelit by 
ii farm ilellw-fi-t ration agent ! 




II I- Is-liig I 



Sectionul i icw of trap, 
m.wt smi-e-tfully In Hh- work of home 




Trap ready for use. 

work Is IB In, 1m- long, 11' Inches high, anil S Inebes 
whle, I ulso tiuikc some as Urge as III Inches long, Is 
lllelles high, Itlnl 1^ Inches wide. Tile uiaterlill for 

I bear train <s»t« from |0 to JO it-nt«. ami ran tie pal 
togeiber hy iii,>.,iw- Handy with tools lu a short while." 
Tbe trap any be hulled with sour milk, a plrs-e of 
tltiaWB. a fruit skin, or similar saVltaaoa, Thu alwiuUI 
lie removed at night or It will attract nut*. At the 
same time, tlw- Itlcs will. Ii Into been caught shsiuld he 
kllUsI liy iKiitrlng not water wtf the trap or k-nvlng 



The lly trap is made In three distinct l«rt» I, It, and 
i'. that may Is- detached from oim- aiwithcr by inifii-t- 
eulng Ibc Instks 4 tltat hold them logclbcr ut either 
*-ii,l. The tiap U uiiliookisl In order lo place the bait 
<m (be lnrflis-11 sjeejloii e. Tile halt Ls pliwsxl on two 
piiH ei ol t ■ ii t Is, keil lo tills hottiaai uectlioi. lu I lie 



sample trap that wan forwarded to tbe department 
Ibese pieces of tin were circular tops of imint or milk 
cans, which paa be removed by prying up with a knife. 
Tlw- middle section K of the trnp consist* of a acrWD- 




lere are »U 
upis^rmewt section .1. 
cage Unit U art down 
and C. 

The handle A. of course, la unnecs-saary, hut will 
lie found cuuvetileut » lien llw- trap Is lunnersed In water 
to kill the DicB. 

The dc|«irtniciil « agents. In llw-lr ilcinoastratl.ui visit* 
to the different farms, take tile lly traiM with tneno. 
Thi-y luter*-t the housewife tn tlw-m, and art one up 
111 ber heme to -bow wlmt H «wa u<\->tupllab. The re- 
sults of (lie deruolistraliuiui huve In-eu so succeaafuf 
tliat uluwKt every farmer nbo sees the trap wants ooe, 
awl many of tucin have kaaa pulthig truiM togeilicr In 
a.sYUMlani-e with the Instrnelhins of the agent. 

The triiiw hav- d.uw- much t-i arouse tlie lutenM of 
the rural population of South Carolina lu fly 
rillllon, the nciessity for which Is not always 
strisugly on tbe farm as II Is lu 11, c crowih<d city, i 
tliesc vermin make themselves more idinoxlona. 

We wish to call attention to the fact that we are In a 

of patent ur trade mark work. Our stuff l* i 
of mechanical, electrlcnl uiwl rlieuilcal expert*, thor- 
oughly trained to lu-ppare ami |.p»ecule all patent ap 
plication*, Irrespective of the complex nature of tbe 
Mlbject matter Involved, or of the apedullxed, I 
-ir acteutluC knowledge required therefor. 
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MOTOR SHIP "ARUM." — IS** par* 244.1 
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The Germplasm as a Stereoohemic System — II* 

Every Individual is a Chemical Entity That Differs in Characteristic Particulars from Every Other 

By Kdwarrl Tyson Kciehert, University of Prnnsylvanin 
CnnHuth-d from .Scientific American Supplement No. 2023, Pag* 1 227, October 10, 1914 



.1 vTMlfc'l. HKUK SYSTEM, Til AT IK. A 
tlt MK a «TVTKU THAT IW pAkTWr t.AIU.' fcl> 
It If THE «:ilAUA4:TKIt* ItV 17* *T»:RF 1 1| HI iMMl*. «XP 
TMK 1mii!«4;i:mk>TH »r IT* rnU.roS».ST<. 1\ 
Tlir TMNKfc UlllttNtiHS- of rtrat *• 

If. during the pnifre** of dev«-M»pjm*ut. there art*- the 
multiple form* of dtftVrviitUt.-d protoplasm I hut arc 
n~prt*eniotl iit the m-rve nil*. uiu*fb«. uland*. • l**., 
whieh exhibit Mich diversity of f<irin. function*. coinpi**i- 
Inki and pn*ln<-i*, vurh part iteintf eurrvhtled to other 
part* hy the agency of tissue product*, it i* h^i'Tll to 
aaauinr that in tlu- drveUtanu-ht nf Hit* i>van^ and 
lesli.de* tht-H" »rcan» have Us<n mi *itectalixed a* to 
dow l h< ii> with the uUrihuie <if producing a form nf pfulo- 
pla*U) that ejnt indie* in a germinal *htte the fundamental 
peeulinr Ht**voi*uincridc». and the [wvuliar nrrana> meats 
iw nha**-*, of Hi,* ajjuM-inml protein*. faU, enrbuhy<lntles 
and miner mlt-tuner* wlmh inherently ehanvtcrixe tlw 
•*fB»fttiinu and. moreover, that owing in the 
of the product* nf *< (iiity of tin- nuiui.it lb 
tlt*<Ht> orgum*. *neb chaii^ex in tin- ofKaui*ai ax ifivp ri«r 
1«i acquired Hi*r*ctHv may, through t Im- aetton* of modi- 
fied ur new ti^ui. prmhi'tn or foreign Milinlaiw^, affect 
the Mp.Tati-.nh of them* nnfuim and tlm- alt*r lU 

|il«MO ami cnil»ct|UVlil]y become IIiaJtfJ«H4-d III 

in the nnS print?, Tlw o\ ale in it* im-ipietn y b* conceited 
to lw comparable to u cumjdex unei|ul libra ted »olullun 
in which chahatett jfu un until tin* attainment nf fuU 
dev< Inpuwnt. lit which time it Li equilibrated and n-tiiuiiiH 
iniu-tiv*' U*-»u-e of tlw abwnee nf some dblurhiiiK iiv- 
tliir ii.t, Utit Id wlitt h «D) rx>-r«'»< > lii>iL't mny hi* initiutiMl 
plty«ii-»llj , latfliauii-ully tw c-lionHi*ull>'. mid pr»>«'<*Hl »r- 
tunlkiii: fi d'-finitr phwwi^lifHi.irtil Uir.t in <l«-fltiiu- 
dirt<rui.u*« i« u dcGnitt' nul. An for uiMtawi-, wh^n a 
Milirt>«iii b<>il«-d nturi'h aitd <ti»>tiiM- i» nt a trmpcruturv 
U.|.jw tic iniuimal *4 lu-livity and Ihi- t.-inp.r*HiTi. i« 
raUil. ^imiw imuuNltntc dt v< l.i|>nn'»ii»l wti;aiii>u, nr 
»lwn the 4M|iii1ihral4<d mMb«*uH-»*if itilrDtfty^iiiii fir>' *s- 
plt^li*! jmyviumimii; nr wIh-h »n (i|iiililirstn| inuIt^M*- 
»l»\tn>s*-iriaHAv«- Miilutuiri i*. r»-ii«l»TMl (i\t l>y «10ut t*>ti 
wiih *utiT. 

Tlw MMfurt' «/ (1.. yvf«ij„Vjym ur trmiHni^-Htvr Diat^rial 
thnt wtvi* n* tin- l.rvlj;, .if *,.nrinnlty Iw lwwii j»on-iit* 
ii ml 't(T>prirg; li;t> \**n i|m< »itl.jf« i of »pr«'iil»tluii fnnn 
Unit- intuii nmriiil. Hn<-ti h> immImwk and tluurM^ mh liavt> 
Jj4««'H a«liftnr-tii huii- had rt-^-rt'ruM' alm«Kit wliolly t<> its* 
pliyst>ntl - ..n-lihtUuii .ir ultiumt.- iiiMrphi»liifriral ntru.- 
tur- . M,^t ..f tlM-m art- niM runuri.-. llwl i,. thry h<4d 
that iIm> L *< rn(|'liiHin m niadi- up (if tnJi»it«- pumlHT ut 
d)M n ti- iilinuitii'rihvtHiiitT- |»arti*-h*» whirh an- i iuliiw^l 
willi IniIu iti'li rmituit«< KlrtK-lural ami vital a1lrilnjt<^, 
A roitxuli nil*- dcj.Ti*4- uf iiwtmity has Iwi-n display ^1 
■ a tln-tr ft>rnniliiliun. 'I'lin*, »■*• liavi' ilw- "oreainc nmU- 
i-uUx" tif Unfit mi, the ":nii'ivixynKt-" 4^ lUx lij«rii|>, td»- 
' l.rv .unt«-* ..f Spt^iPi-r, thr -pl^tidMU*- ..f M 1MW1( H,^ 
' hin|.|,i-|V Altnuuin. tU> -^rirpfl" nf Ualfm, tin* 
"cirnitiultn" of Darwin, tlu- "lii.*plwir»" M Wflninnnii, 
I hi* *'jma»,tfis" \A I)<*Vni*. i-l**., i;u-1i auIImit utlnhiitiiu: 
ti» unit? MTtjiii inln n i.t |»>-tili»rilH"«. To llw fw- 

^'■t*' tniKliI la- aild.tl piunniUH> ||m> -^t flnm-. that 

iH-hirur t4> thi* fbfuui'ul iuttv»'ry, -n it a* ihi- • ihi-uiivm" 
*4 1^ l>anl^ and tlu- '•|^iyhi. iw Nv|riirar*th^iry4H r l>i*U*p-. 
S*nnr t4 tla>i- .•i.iki'I'I'hmih art* fatn-iful in Un- liirlit nf 
niodi rn *i*i»'ii<*' iph (<i Hiiuiirtliy <if naw than jia^intf 
i>i>it>U|tt-iiliun, while mine *if iIh iii lias let any u hen- I •«-- 
yi»iid tlw Mil <>f H| M i-ul;t(»<iTi and n*ii-H>iniu'- Kwn tlit- 
vi r> r.-i im and • vlr. m.Iy iiiii n-iin*: mid imiiorlarii .nl- 
ditiniiN to 4»ur I.H.iwhtliri' 4* tla- hisioKafii-tU u-.m. 

»lf tlh' dflt'l<l|lktl|C tlllllll. fS|M--ia1l.\ *>f til*" ■:-|lfwJl,H^IHM»'«, 

li.t\f nut T»k»'n tin apprtH-iulilj nrariT tli«- ulttinati' mn- 
Mtituti'in nr in**i'Iuuii<-ni n( llw* ir<'naplii>n(, irf f v«-« to the 
i.*i.ir' „f ihv nii'-tioh* uhHi ow-ur ]miiki>di.ir. 1% antt- 
■-»>U at Ut and < an»» i hi foniuilimi i>f fin- t-lir«»iinminn*** 

A theur}' h«» «ii*tJ Diiiitl not ooty Jiaii- «« ila baaiit 
wi llnli Tini d priii»'i|jl-^ tlmi tin- r-.n-i-r. til uilli fa- u. I.n; 

he capnhh- «kf »uhhtaiili.-iti«Mi by laboratory Invi^ttj-a- 
'»oii (li\«ii a* (Im* l»a>k» irf m il utillf »|iji|\ m i^ rtiLplami 
ih.-it hit* iidan iitly ilu.- |mwif of <l< >. I<.|>tii' n1 . that i* in 
thr f«»rtii of a iWTf.Wu intr *y H f in that in i^ nliar b. tin- 
nnranL^ii; thnt liighly iiM]irt«?H.Habl^ to stimuli; arid 
thnt lia* tin* miLfLt*«l pUxti' ity lliat U inlwrtut to or»;aiiii' 
colloidal iiuittr-r. \i.v ha^i- all llw rHwlulai**? that arc 
IuhhU-hI u.t a fooridatioii up«m uliicb at t* ifilinu l4i Un- lawx 

IUmU ti7 tltk' »t tta- iaec4uc uf Uif AEft#rtcan Patl«Mnpta»rftI 
Ho.Srt, April liMlt. IUM aad la full fc*Tor» 1*. MttrVty of Ncrm»l 
BUtl Pi.lKil^lr*! |'fcy,.o*Ml) ul ItW Uci^naiy ,4 IVqa-jUaftla. 
-. IVH 



of ph>*M*n! rhrmUlrv can be built a 5 infill cxplanatiim 
of tbt- c^rntiiiJ fundan.cntal oJcnif nU of tlw cnorhanixm 
irf hfT4<lity. 

Tho iaVfrnl fvlmHalily tit At dc(rtrtnii>t» the devri»p» 
ni^ut nf Hi.". «tK aloiuc a lint' of c 

mn-st Im* rt-sHsniztMl an Im-Iimc coinm«m t» U»th ani- 
mate and irianiDiatr matter ami KubjM*t t*t Ihc Kanu- lawx, 
wi ilial th*' plt4'itoni4*na\ »f livmir atnl fbnd inatt.-r arc in— 
M*|x*r»h|y Itnkt'd aMl nt-ipfwally t'X|dttti*UTy . Tlw 
tyjut-aJ otrtiditton uf iM5tt«T of dt'liniu* nimjMi*iiiaii 
cr>>tr*lline. and thv «TyKiaUme f«no In tlK' r«>huU »«f Hc- 
vil.ipmeiit that Iw-citaiM tnanlf«*i«d in » wiMiraliim and 
ord»-rt> ami iM-utrntuivt* arrant^mrntit of «x>oi|^>ti> ni> in 
the IlLrtH- duariuion« uf *pnr<*. llavinx a homoi.fiuuu-* 
wd lit Ion of varioii-t M'U-ft^sl ervt*tallinc nub»tani't-*i of m>- 
proprtatr ehi'mieuJ rompiwition ami t'oiutitnlluo. and 
niwn condition* attendant Ui rryxtaUixation. Ibe Mir- 
owHive Majfit* <»f i ry^talliiw di-vvOupiinrBt will 

1 4i4'ftnit«-ly rroiifniw^l Har*. and tht- 
I int<iTn< ti tn-rvlationvhips l* tn«i'n thci va 
m1t«t&ntN4 ooiL*1itiittnc tlif jdiVHiro-obfmi^l nu^liaai.-tai 
l«.iM>nio oh\lnu* in * K r»«W or rstrtit in tl»r jicrTi- 
liaritiin of form, ryinpo-'itMn and i»lh»-r pntpwtic* of Uin 

»1« 



one whWi u niartrdly . 
esprvtally Imtuumi' of iu offcTmie and I'oUoidftl 4iharai i t*'r 
and iafinilidy icrvaU-r molit ular c«>mt>l**^ity And »iHi- 
tivity, llw pliwiomcna of di a >«*lopmcal llke*~iit*> j»ti**4>*«I 
in ^Hifimnity wiUi the tuinc Ibk* ahmir dcliolU 1 line*, but 
rli**y are for prtfwtly uuuiifi^t rv»*on> mure <xirnpK'.\ and 
vitriol, more diflii'tdt uf aualy*!*, and nr»*m*ahly in nuitiy 
very itii|Mtrtaut n**(H*^t* iiuile diiTernit. tlai'li alv\> in 
Uiix orderly «b-vc]o|Mnent h-adif m»t men-ly lo olianct^ 4hT 
the ptiysMH^-ehefnit!aJ mwhaiii* in by tlw iiHtdilU-aliun, re- 
arraii«eniMit, or (-pUttim; off nf rxiDijioDent part*, hut abut 
to a!u-rution* whieli antoinati«fcUy det(-rcnirM* tla* char- 
ai*l«*r« <tf the m-xt •nn^itinK *u-p. aiul *i> on to the 
o^tabLiHhuieni of phy»>i(ih^-bi-3aioul «i|iiilihriurji mid th»> 
omiMsiiu-nt i<*rniioation of tlu* retu iion*. 

In living mnttiT the- clit-niiral iiriM-i^-s arc depeiwlfitt 
to a pre-eminent d*yjv% upnn 4irj)cynie« tlutt an^ fi*r«i«l 
by the dirT«-ri nt kiinl* nf pr4ito|ila>ni b» hitvi n> iiupli- 
fnentu to carry o^it o|Hritii>jtt>. ibnt arc pH*entia) to their 
4 , Jtij»t<iicv, and ma-b eox\nir?i an- nio«|itlAhh< tit ipianttty 
and quality in iio^irdaiicn with r|tj,«i%« i«i int.-rnftl and 
rxteritftl (MridltUtOn. The natUh- id Inttli hiW lLotin atid 
prtiduel^ of eiu> llle>* action 4h p»'ltd* tl|M»ll the eoaMttilllotl 

and oomjkiMtMMi of the ph> -ai'.>-.-bMiileal in<*-liaoisni or 
which the « iu>im' ix an inwyral iwrt. Wlu tber or m»l 
at **i*h *U>\* >4 Hertal nwiioiiH « |Kirtion of |mM*xistiiijr. 
en*ymi' \* rih-rely iivutlllbnl or » new eniiym^ i* foniwtl 
whu li 4<onhlWtil4*x an ewhtinJ part nf the particular phaM* 
of the r*>»i |to!iH i* mil kiionu, IkiI that *>ne or the other 
oe>i<o.rn lr> apparently uitbmit qm*i1ioii. !t has Unit U»n 
•"•tsbl^h^l ih»i mhiw of iIh< Uiwvt <inraiiiviUK, mich a* Ui" 
>«««l |H«iit. have tlw pro|hTl> t4 m.^lifymir the rbar- 
of the eiixyiikf* pn«lii<^rd in rr La I ion to var>in< 
'"••million^; r*»*'nt »tudiew «if ili«- animal oiyainMn »l|uw 
thnt tlw* una* plw-nonit'ii'm i>t-*-iits tn Uith riMOie* ami 
MihmI; aad onr kn.iwIiHbffi- of the inrint^HS • tiin-iTtnd in 
the i*atalMi|i*in and aualMdUm of rwinph-t. Mil»-l»tn'.^, 
HUch a* starch, ir- fully in support of •.m*h n ^on'i-piiun, 
In other word*, ha «aeh *u \> of ib u lufino-nt i« r^M'htHj 
tlx* ull«*ratioo* wliw-b iK-i-nr in ilu p|ij,Hi, lM | H rnieiil 
iiH**'luini.<in alisolnli ly antcMiLtitirnlls pn«h h tjiliih- the 
elianaer#-r» or tlw change* *4 the to v( *u>-endnuc *(.-p. 
and *» on to ilio end. 1 ■ it fidlown thiil the pi-u- 
liantic* ur any &\i-u idiy-i.-.K ( .U.ii»r jil m- liauisiu |n-c 
deti-niiiiu- ilu- .-librae!, -is of Ih^ pIwil uiuha nhiefi .-n-*iw 
under pif-n eoiitlUhniH, 

An iUuMratinn *4 lit*' |trid>aljlr «i«i»fii* "^-nm/i rif *nc|i 
a inn hnn)"ti \* fotmd tn llit- ph'-iioniriia of tlu- n nihi *is 
ami aiialy»i» of Ht:in h; During ilu 1 produ' tuni of slaivli 
throiiirh ttti nci ncy of \\u> < tilon>pla*l or I<'i»*<ipLasi w 
emii'i : ,.. jliai fli. f.. -in- in^tttfil**! ti pn*Hei4«mtinerJ or- 
derly. indepi-iitU'iit atwl i*it< nb .Kadeiil Hcrievof rfaciioiM. 
the ftivt i»tf a liich Im iitantf*- hil in an int^-nt- ii-n. U-tn.^ n 
water au<l t-a/bon d'oxMb 1 *hron«h the aiiriicy of un 
< niyinr in Ihi* form of au uxidaw t4» fonn forrualdi h) de. 
Durjnif thi» j^ht^ ilw-rv i^ fnrim d anollu r cniyiifce. 
which n nialivi Is rnay N- ib-:arna(»<l nil aJdeb)daM', that 
reai-tR with rornialdchytlt* ami by poly meriial ion ami <niti- 
difiK«.;)oii of six imiUvnle* iri*i<-s rn*- to a vimplc <-utfar. 
sii^h hj* d». \(ri^c. At the >ann time, amdlu-r eii/> irte 
apjt»am in the fonu uf iiL»ka*<-, wlm-h r«-aclinir with the 
of malVMP, dunnt whii*h 



rriM tji with ibo mitlto^ to yield di*xtrin. doiuir on with 
Uii* re*et(im aimtlw r ennym^ winch may Ik* dc*ii;iiat^l 
an AmylftHt* ftpiJHart*,. «*hi.*h rcai-ttn^ with the d^ttrtn 
fiHrmn mlubb* slnn-h. Dttrine ihin >tafff thrrr ari.wK an- 



rroni tin* *obihk t<» tin- liiwilnble form or iwduiary »tareh. 
At 1J115 KtaRi* tJip wr** of reftctioiK hav* n-aehi-d tbcsr 
4'iwl btM-an*!? a jrtatc of ph>!*»w-c)iiifiiciil rquilibriiim ban 
lw<cirnr eslAhlish-rd, tb«* ultimaU* pnrpiMm nf tbo prwnwi 
Iwinu atutmyl, that in a form of |rfd"ilum of extn-nw-ly 
hiirli niitrilivr value and uf «\trenu*ly hiw nmb^tiUr pr***- 
Hurp. i'n n in hiIh14p form. *n tliat it n»y entirely and 
rapidly diftappfv wiUmut duturbannr <»f phy«en-rli4 
»-al nqutlibnnm tn thr *1ar< b-boariraf celln, Tlk« nww-tum- 
ism <-Kir>ei'rii*«l in atarHi-formaticm without doubt, 
pitralli4od in the «vjithohU itf protein*, fat* and otlw-r 
^unril^v utoiair xubstaurw, and it in but a nwp from 
thr indi\ idual wnal proeewiea rnncrrmsl in llw* formatton 
tif *<ai*h of thc*r .iut»*ilaii«**rf to awrM'iaU-d pnx^jBti* where- 
by tlw-n* an* forninl and 4*4vmhi«fd thi* voritms *nlKtamv»» 
that 4*nn*titu1«t tlw uruatii'- *.truc*tunal iwrnptinenu of 
l>n»toplaim. Moni>v»-r. *ueli aerial prortswi** am revcr*- 
ibiij at any *tairr. ami **> situplv a nwtditicalion aa a ehana>> 
in thr per n-nt of watrr may. fl« in thr iii*l|n»e-it<txtro**w 



/a vitta in both tynthrlk' and analyiic pmcww^ like 
thiMt- which eoiwiitut*' Mtrial nt*'|M* in the bititditii: up and 
brcakttiif down <if tttarrh. (xruU'in, fat uml otlu*r eonipl**x 
oriratitc itiil^um e* there dun m»t occur in any nwtioii, 
it* far a* known, either a transformation ur a production 
of erizy nu? *urh an imtuih in w"jm, hunct'. whvn a nintfb' 
4'nryme i* prcwnl il rarrir« out but one rt4*p of tbc n*- 
aj'tioiw. hut wht-n. tP* in the <*a*c uf dia*ta«*s aa onlinardy 
pivpared. the etuymo not a *in*\xi Hubrtawr or unit 
l«.dy hut a 4*orn|M>!tit4< nf a nnmln*r t4 i-nzynw« nr modt* 
Iwntioiu or a Kivt-n \h»¥- 4-ni.pne, atrial «trjH may <«^ur 
a* ui itiMi. Tluw. if only a wngle i-nxyawt bo jirf-wnt. 
formaldehyde may bo cyii%« rl«*l inti* a mi>icitai<fliarw, 
or a nuihiMJirrbarrtfi" int» a dimM-charrt-e., <ir a dUnrrhorimr 
into a pid> 'fcUM'hanw nm*li :i» dex(riu, or dextrin into a 
hiKh«r form of p4tlysm- harvw *ni.-h a> wilul.lc <t.»n-b, 
aeeorditur t« the * nzvine *n imnlitli-d .•nxymc aiwl initial 
milMninT piwnv. tbc re»erw- of any one of tluw 
in**-**** may i--«-..r if pn>|-* cmlltioiu are pnwnt, but 
in-\tT do any two Hm*4i-*ftive pruifreHtist* or rvyft<>**ivr 
»\*-ir* iirpiir nnlew- fbroimh the aip-nf-y of two dtrT.-n nt or 
modifo'd furiit* of eo^\ irn-s prewitt 

It wUl tbu- U- apparent that the lirxt *tep itf *ynlb«*u 
in dctfnnin^l hy tin ehariuter i»f tlw* Initial phy-o-tv 
rhrmiraJ mc liaiitHm and tlwit all *iilwe4pwnt nwllmi* 
under ipwn 4Nindil>iiiix ar*- di llnitrly predeNTnim»tl; in 
other uordv the t iittr*' train nf reaM-tton* d«|wnd* In- 
benntly upon the uatuiv nf the initul ph>>w<i-chemii-iU 

nu-.-haiii*m t»f which 0 ii/yiue that «torl> tbe wrinl 

ehauKi « i" an :iitiynd part, 

llavini; a >i».-vitl*. nt. r.Mc| t ernic >.y*ti in. fiiwh a «y«tnn 
in aeeoTdaiu-** with the law*, nf pliv-.u-Al-*-lM-mL<tr> can 
exit.t in 4-itlwr a latent or iv'ti»t' *tute, and IIlaI when in 
an wtive -tale tlu rea* lion or rvarlin»< ar»* alway* in 
tin- dircclion of the e^tiiMt-hriwnl itf npiihbnuin *4 ml\i- 
luin. tMf y retk-tion or -«encf of reia-lion- h» m£ lis tb'fl- 
nil* ly predi ti-rmittnl at it t'ttry Ftywlitut fti miliar to tlw 
mtrfX'nnn- eheiutht- Tin- i^'rniplaiin in the bfrn in whi«*b 
it tH rMi-n-letl may N- nvnnliMl a< la-itij: in lite nature of 
an f\< ^^iltriL'ly ei>mpU*v *lerv*M'hcinie *yntein whwb ix 
from il- iin ipii tiey, tvr very mmii. m a ntate of phyrtciw 
i b. mi.-al uiitiiuilii-riiiii). and in whieb. a* a coa-*.nucocr. 
rtuteiiim« »re wt up which are nianif.-it'-.! e*pi**ially in 
h>»1<iloi:H'al id m loptn* nU that ultimately ebanwteri/*' 
th** fully dcveloried ovule, at whwli time a ntati'of phyMiHi- 
ehcrui'-al «*<|inlihrinni is tMahluhed, an U evident by th* 
amM"l ib-vt4*prniii1al iwtiv ilii >. This t-tate of phv '^t- 
ehemieiil equilibrium nf the mfttiir»<l ohjU' may l*i ln- 
Ktanlly rlwuiL^*! b- om- lt«dtni; t«» serial th finitely pre- 
dct»-rniim*4l rwtioit*bv iiM«ai>»of an aclivatuu* nub*1anee 
or condition. ?uch a* <>>riaiti iun« or imineaitic nidbi, a 
-l» rmato.>«oii, or a needle i^rirk, by tnitlaUiu; tlw ilrwt 
*|i|i of thr react toil.*, the nalnn.' uf tlw mrwtlinir re- 
in- lion* U ini; pn*b*ti rmiiu*! primarily by tbc inhtrt-nt 
nature uf tlw pliysi.-Ht-chcinicul ayvttiru and *e*-ondarily 
by tlw fwtor tbut ai^ivnte* it. la other word*, from thi»i 
initial Ktereoe hemic *\>tem there aru**« a complex b- tent- 
j^iieou^ %v*t< in that nllimAVly ix ninrplMthipcilly 
pas**tl in tlu histology t»f the maturod ovule and fn»tn 
whirh an* formed a (-onijfcoit.- of iMrrt'lat4Hl, independent, 
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i have been uwdilwd ool only phys^r^hL'uuL'alty as 
I by change* in physical, uuMfaauieal uud olwm- 
k'&l pro|M'rtlw*. but also in developmental energies; «ad 
this 



Owing to the y<*t i 



■iVOy 'in./ pini/tcii* of 



suuh tin csnmluiKly complex sUrooebemie system as the 
gi-nnplasin it follows thai Die gvrmplatuu must be ex- 
tren wl y sensitive to uhuuges in internal and external eon- 
ditaiuis, and that its operations and products may na mi 
ma tonally modUl**! by changes in it* molecular arrnnge- 
nwuU or eompouents n* to givo rise to variahlo* that arn 
ruaauV-u*;l in thi; utuistnuubility of 
thwtuaUoii*, mutations, drfuraiitiei., 
tumitr format ii'ii, irnrnin.iJii'-:, »*v 

AuuniioK tu at'<-'i>rduu>:«i Willi our L'onevptuju that Uhi 
gi-rinptaKiu is in ltd inelptetrey an uneu/iilibniled »u-nv- 
eheinlc system that k eliaraeterUlie of the Inherent, 
fundamental Mereoehettue system of the parent, it fol- 
lows, a* a «imllory. that having a liighly s|xic?iaJizi*d form 
of |*Arentnl struetural material with pwmliar energy ~ 
pro|>erUe* tin* offspring must of nfocswity poutst* esstui- 
tially tlw sumr fundamental ehnrncterutirs ox the parcnU* 
when normal tVeummtUm has oeeurrisi, and that it would 
1*> fjuiui as impiwsihw to havi- any other mult than in 
onbiwry c-h»n,ieal mart ion* under givim conditions of 
• Y|*'rinnTit. Thi- »oo»-ntial ehAraeterw of thi. huilding 
niat«-rud as ntfnnU mibxtanei-s, Arraugiimctntsand encrgy- 
f.n»[». rli.-t nr.- definitely tixod within narrow limit* of 



xaifa* or in- 



That tV peeiiliar form* of 



tamawty rvlutod ludiv* that, an* mlwrent in Urn parent 
are eouuyed m tho gvrnipltvm to tlx* ofTspriiig, and 
hi'rwe of ne«'*.s*lty serve lo distinguish * given form «f 
geriiiplatim frojn lual of any other spveU-* or gi'hius and 
that tbe »U-rw* lH'inj< eonorpllut. of tlw nature of the 
fvrttipbwin 1* capable of biV.raU.ry dt nwmdratiou, are 
insl«n<ed in the result* of llw inv^tiicfttiuu* of Kotrwll 
and Uik HUidi uU wliu fuutnl lliat niiuplt' fumii of pnitvtu, 
known at* proUuiLiu*, obiaLiu<d frotu iliti HjMirtnatuxoa- of 
ibrffrt'iit n(M- itH of t\*\% un.- ^lifTrnjo',. t*rb bcingc ap- 
parently irf u form )w«rulUu- to Ibu s^nut'L'. lion.' is unu 
Kiilwlam**' at U-a*t tliat ser-uw to b*; iu spwilii? tUiwiiw 
r Utciiix iu tiiv *ptnn of diffurunt h» w '"- wh»'b ob- 
- mu.Ht afTwt tlwj |wop*Tt3fs of tbi! E^nupLastu. aud 
aliiub wJan bmuk'ht iu contact *ith tbe ^tMtnplaatu uf 
thv vkk play* iu part in dfUTinmioK tbt; pbcnoiiK-tMi ol 
dL*v<>|t)pRiLMit. Mon-ovtr, by tlw "jtr^ ipitin rvautiou" 
niotluHl Jilak.^K-c uad tiortunr buv« found tiridtncu ilia l 
ih conMutifit with th<t imnrlujjim that tlicru an.* not only 
Npti'ift* proti-iibt" bat iUm> "tax |>n>U > uu r " and tbu n** 
n<ivi!s Miip|xirt in a nutaUrr af virry rtanmt uiveMti^abtuui, 
(-tptH tally tlaM*i of SUoniu-li wbo found that tlio c*orn> 
<po«dtn>r Uoriooia* »« ri't«^l by tlw »v»rin» and t«tii?U» 
am difft.runt, .nwl thm by viriia- of thtui- di0ifiioiHui tht 



iniuod. TUuu. ho found in uoaLntUHj yoiiue inaias, in 
wbieh traiufplanUtson of ovarie* bad practuwd, thai 
Uil> dcvdapnu-nt uf maaoulina pevubarititD Ui inhibited 
and fcmalrt tnuta nubatituted. mo that tlie individual* 
tend to aMsunui tber frrtoala type and bomuMi lo a utrikinK' 
ihgna ffminizwl-makBs a* shown in bodily form, in a 
drvrJ.»iMr*rnt ntf tlw mammar>- ffland*. En Uu?Ution, and 
in an alteration of p«T.eho-**']iiud <ibararU-ni. Kuribtr- 
innro t Fl*ldJr ban found that thn ova of the piffLnm axv 
dimorphir, on* half having an inbiirrnt tr-ndwii-y to pro- 
dii<vi nuuV^ and the other half fvaiabu; that tha egg* 
having th* uud« tofidMncy hawahifhrr r*r^«Mit n# wuU-r, 
a -mmll.-r Hiiti'. and a low»*r i^«r of potential umrm*; 
aih! tliat ttui "»fi-foiiudar.ion" of thr- gi rmphuuu i« trana- 
luiituhK'. ihnt an fi«f that luut inlw r* ntly the inula 
ttimlon^y may lxf-onw fnikatt;, and that xut-h f^innlus «■ 
hti.i% fMtsindary main orwuaJ rharartnni. Thu tranwuutar 
hility .rf tlw eornipto*ni is romjiarublc in iu pliywico- 
ab^mifal ititrrhahwni to thi' «:*<T>4ion <if thxt malt«*t- 
di>xtmuvntAlM>t' nuwrtUin that U <--outH?d hy a t^luuu^o in 
mnc«vit ration nf \h*n naintii'n, tlw di xtrow biting rcvorwd 
into iMiJualUMu and not to tin* anti^rdmi maltatio -tlw 
mala a£g is not chaticvd iutn a f«malp> oxk but inU» a 
modified or rHmitti^.l-iualv 

In rt)&hidt-riiu: tbo traiwtn>ai*a|ity .if pan'nul *uh- 
»Unn* it ib twnltal Ui diMtiDjfuttJi po*itivvly btwrni 
tht< hwreolttotiwrtdt** a ad intiinau^y rolaU<il bodim that 
arv inhere fit ia tlt« parent and tboso which ara 4iv/io>i«J 
tbruHub infiwtlon or otlwn»it»t-. Thus aolirMwbm thai aro 
artQuirt^l by llio iiiotluv 1UM lw without lullwiw up«>» 
tlw ovary* <btrUi*c tlw foitnaDon of tho Kvnuplaam and not 
livi-u btr<ouw a omslitutml of tlw latUr. On tin? othi-r 
hand, an itnntunity may hi* mtablisliuj in I St* tmdbtT 
tliat may Iw eouvuytMt to tlw offHprim;, yvt t*uhoiiHly 
oiwutch Mioh an immuiuty may not be transmit tod by 
the lnunutjjuxl male. In pnxysMM of thtt prodwUou of 
« insetailiv* to the 
t o'i thu Wood as ore 
whim., or all otlirr organ*, atul there ia no m>*rv ruuiion in 
tfviw-ruj for 4-xpcotinK tlwi ovary and it* product to be 
afftN twl hy surb hiwlics or conditions than there is for 
tlw paniTt-fta niw! tlw paiuTratw juim! or any ollwr i 
tory tttriw-Uim and iu pnxlm-t Ui l» affwfcrd. Kvitv 
anpimxl Mil»>mi>4Mi mii^i, in it* rvlation* to tlio ovaries, 
bit f^jvomi'd by tbii muiw j*liy*ao-*>bitmkud law* us deter- 
DniMi .tpii'itic MtlivTtivitUrf or rcof livitin* iu isKuiLH!tiou with 
tlio tijo.ncT* ifi-mfally. Hra*», any su.'h MibstaniMi may 
bv mwtiin in relation toon»>itnwturiii but not to anotlwr. 

Meetly a* r.tganbt »»rx-drt*-nnination ba* bot-n d^imm- 
'tmh-d in tlw atitdim of Uw dov^o)HDnot of a male 
tdroni*) lw*i froui tlw unfonilixi.'d R»wl of a fanmla 
fn*iu l bi' fi-rtiliM*il t<g£. Morvtovvr, tho developing female 
la<* wln-n f»*l oaoriliuary fowl bei'oiiii.^ a^iminuin "work- 
«-r," Mil wIiku b-vl on ni>id fiKal dwuLatwi into a tpiin'n. 
Tlw ->':Ji«ui[y t>/ tKt tfuibuvg nuiterutt \m^n\*ii parout 
in «kd in Iu simpK«it 



reproduction alnoiu; protosoa by binary QfBton and bud- 
dine by which the part separaW-d from the parent mass 
la in all tMattntaal nwpwtn Ukt' thi? parent, bavinjf the aaow 
fuDilanwntaJ physicio-ebenueal mmpoicition and L*on*titu> 
tion. That in such instani.'n the i*fl<i*riiur abivukd bo a 

vious as that halve* of a puho of smrar should bo alik«. 
Similarly, if vro have in the ovule and ypcrm forms of 
protopbwn whinh as >Wrro**lwiui« nystrtus arv in all 
fundanwiilal rrsporu rounUYpartN of tbow from wliwb 
Uw paiviats worn developed it follows that the- off»prin** 
must umwr normal condition* in arri*nlan«. with tin* 
law* of |»h'. Or-*I rhi JuiMtry liavn tlw same tundametital 
Itaivntal r>biu-iwti ri»>ti^, aw nuwlt #o as *cparatod portionH 
of any rumple* 6tf;n^M'lh nu-t 1 sy stifni muKt pot»ra<i lit*' 
pn>pertics of the initial lmuou Morvovvr. if the swn-o- 
rlwmie systems af grrinpLamnx of tlut female and mad' 
diffiT, as must he admitted, it i* manifest that the iMw 
cbpjiiii- system of tlw egg that has b#on activated arli- 
firially or luturnlly, as tl*o ease ma) hit, mast be differvnt. 
and brn<H> undiTfo d^vi-w-pnumt dirTarenrM tliat will Im< 
obsious in tbr> iiffxpriiig. In thn Ar»>t iniitanre, tlui serial 
nr-*t-tjoiu* whHi |««il lo tlm formation of thw differvnt 
tiuiurii, cti*., an- aetivated by a merv diMturbatute of 
phy>iiarM>hvnitr»1 »«iinlibnuin, whi^-h may U- dot t.. thi- 
onfivprtUm of u ppwnxynii' irit»i enxynw i* a pnarrrftirj 
to a xii'rvtin, or in otlirr wordi of an intwiiv** Kidy into 
an iwtivv one- Iu tlw nritud iiwtaie*, lUen' is iait only 
a#ttivBlt'jti but tlw uvtreiiady imporlain aiMitum of tlw 

uvuaw system eoa-titulw* a f^nwk-male *y«toni, Then- 
fore, iu the liml place tlw off-print; is drvrlo|h^l Hidvly 
fmnt tiie female. tfUrreoebemiu «ystem, and In the twi-ocid 
puwe from the eoiubined female ami nuxk' \vnteift*, one 
or tlw other of whteh may I«j wholly or in part dominant 
in dL'termiiunj: i-ertain ueeuliaritwa in tlw developmental 
«bamce*. Moreover, owitar to tlw trawmutabllily of 
uttreoisomerides and the multipnaae transmutabilily of 
stereoebemiL' systems, coupled u*ith tlio reversilnbty of 
metabolic prueeiMcs which may he due to on-u the 
simplest of chane^t in physino-cbemiral nwchaobtms, we 
basix for tlw explanation of the idwuoDwiia 
of wfjeual dimiirphism that is oxiyreMsed in thro sr^-alliil 
male and feriud*) ova, and main »nd fomale Aptfcma&cixoA; 
of iwimary aihd neeouilory hcnnaphroditiHiij ; of parn- 
doxieal sex developmnnU whero tlw unfertili/^sl egg do- 
ve3o|M into uitber inak or fenuda offspring; and of sexual 
tranMnutability of tlw inhiTouUy main or femalo ovule. 

It follows upon the lwui* of ,wr thwry j 
of tho itinerant [K>nil>«ntM of the « 
uf tlio giinnpliwnuf aiMl th* dnfiaitely prxHletennln^l 
nuturii of the entire series of rwUoiw In aeeorduiwe w illi 
the laws of jdiyai^l ebemtstry tliat "bkc begeU like" 
bemmMi like every otW physlcu-ubcmical pli^iujtufiiMri, 
individual or aerial, under inven conditjoiia, it is a f*hy*ir.>- 



A French Kxperimeni for Preventing Fog's 

TttK niiiulrlpallty of Lyons baa sot aside a certain 
sain to <"HTTy mi exiarrtuwaU for preventing loeaJ foipi 
pn>|KtMTl lt> M- Ge»>rgiw Ouofrlo. director or tbe Fimr- 
vh-ie ot.-mitory of thiit elly. ThU well-known mc- 
teor..l.«{i-t ha<« defoted muvh study to the fogi* that 
"'Ut l«yotir< for many days durbut tbe cxild iwasoii, and 
1i*m hr>oiae HHtovineeit thut thcae fotpi may lie lessened, 
ii not entirely obvtutiMl. It may bo mitrd, ia eontra- 
dedtihiioii to e<Twral foga that often isircr |ttains pt 
tiw north of Krnt«-e awl the Men fi«H that envrt»ni 
many of tlw eoti»t townn, ilwt tbe I-yoiiliaUe fogM are 
nltogKtlwr Jr.vul. LyuiiK, ullutited at the coullueuee of 
the two navlciible rivers, tbe lthone and tbe Suow, has 
u jHijKjIutlon of over half a utLllLoo, and, although eon- 
Ii i Inluir vrllh Its iiuburtm many niunufitelurinx establish- 
iiaeiiU, enn Iu uowt^t i*\ otikwidered snii»ke Infested. 
Kn^iueoil) ii* winter clw f\ig rlsi* awl altera thrxiuum 
the HlriH-lB, idmttlug out niili^lilric and cius-lng dU>-uia- 
fi.rt t.> the InhubltatitH. 

TIiIk t>*e U really uu anomaly , because at u compara- 
tively short distance away from the city there may 
Im« absolutely no fog. A Ntrou£ wlnit will often etean 
tlw to»i» of i«Ut and hrlug a return ivf elear wontber, 
wherewH hi en** of a general f<ig extending over a vnat 
iireM a wind may lie glow In bringing about u return of 
iHirmul utmoKiilwrlc conditloua. Furthermore, «ci*ord- 
tiiit to the iVjuerlcun LVmsul at Lyoua, the fog* In that 
city do not sip read widely, owing to eJevuted loud uboot 
tbe rivers, ami are often tow lying fogs. It has been 
sup[«iM«l tluit K»^l fo^c* were caiwcil by tbe 
eiwe at Ibis iwltit of wtiwlji fn.ni tlw north or from the 
Al(*t with tliuH? from the vouth. A chain of ahallow 
liik«*!«. Lying upward of twenty mllew away from the 
town, has Uwm Likewise blamed, as well aa the dust 
and siauke tn^sirulde from a birgu dty. Careful ob- 
3M_*tvnt1on, liowev*:r, set<ms to ludnt lo the fact that 
the cmiMUnt evaporaUi« ol tho two rlrora In nnd near 
Uie caty proitucea a great deal of humidity, which ka 
tnvbdble when tbe teni]- -.lure Is high, r.at wfdrli wad 



lly coiMleuaea durhig eoid weather when there la not 
Midndeut wind to drive It away. 

Owing to the height* along the riven, lb la fog can- 
not escape except at one aide, toward which a part 



much roallncd. the fog thtekws mid tncroiues In volume 
over the rlverw, qnuya. and thorouglifnres, ami Imeomcs 
Injurfotii to health and lutefferea with IrstlW. At cer- 
tain thues the town acems from some points surmounted 
by an humcase dome of mist, the deuidty and height of 
which vary according to the tern |ieni tore and the wiu- 
,diloe. Iu view of the possibility of doing away with 
tlw loenl fogs, tlw city nutnorlthw buv* drtormbird to 
rMaay a systematic campaign aguliist this plague. Cer- 
tain ineiiHure*! lure already lM*en MiiggeHted, *weh as 
great blow Itig-umchbiH^ from the helgbU above tlw city, 
and alw the iwe of Ilertalan waves. Thu project formo- 
Uttsl by fid. tinihfrlo euushria in pouring oil on the riven 
soma distant* abovo the dty at a point where tbe fog" 
usually ddwet, »o that the «urfaee of tho streams will 
be covered with a tbln oil Dim for a dlstanco sutnelent 
to prevent the rt»e of vapor* within the fog area. 

Various facta have been collected from different 
points. Knowing the efficacy of the oil coata In ; 
the r muchness* of water, escape of unhealthy odors, and 
th* preventSoo of rapid evaporation. Kxperlmrnta have 
Iweu maite hy the mloutUt In question no a small acala 
with a long vat, at the end of which very hot water 
was Introduced. At the other end there wa» an open- 
ing, mi that there was a rapid and regular current. 



At about one quarter uf the distance from the Inlet a 
dividing partition was let down tn the form of a double 
*1ere, holding taw motstniod with a small rpiantlty of 
oil. Folhiwlng tlw current, an oMy canting extemted 
over tbe lower three-quarters of th« rat. and looenedt- 
ately vapor ceaeed to rtee. It la estimated that a coat- 
ing of oil of one 1/100^00 mUlUneter (the i 
DffflO of on Inch) In thlrkneas H *ufJlcient to 
i of tlii? Tnpor from I 



ThU experiment wa> ourinl out with water nt the- 
Urniperature of atMjut l.HT> dcg. Kehx., wticniu llw 
tr*iip,Yiilurc ol the two rlvm on whtcb l*yon* U »l[n- 
iit<-a nnTotu aiuHit SB n«hr. ; no IC la fcetlevnl «lwt 



tmciaan wbra fpt*»<] over a eukl aurfuv, even silroulJ 
It «ttnln tbe thiiumn ot 1/300^100 mUllnvrK-r. Ttin 
thli-kono profMMed for the rlrm la mlltl 
nieier, which will require olxrot O.h of a sxllon fii>r about 
every <ltfO,000 nquarr netera 1 W2.000 square yMrd*>. 
The oil best united to thbi wuet liae not yet been deter- 



Owl une tliat will nine uinntst to fulfilling the required 
coniJitlonii. It should be aa oil that will spread ra|4<lly 
aiul mvlly orer the mirf.ee of the water, and at tbe 
aaoia time It muat be an oil with the atrunneirt iniwllile 
po»-er of rmutauce and tenacity. It In inwllile. hine 



An oil Ulna that will readllx break oo tbe wnter In of 
little value. These two qnalltlefl are Okorc or lea. op- 
P04e0 ( ami It will mrolre aooae study to find the oil 
will ui mod moat oaalljr and atlll not break. It ta 
tbnoKlit that an animal or vegetable oil will on found 
preferable to a mineral oil, thoueh tho mineral oil. 
ii-<mjM )m»1iiiIiI> lie » gwd deal rlieaper. It In diA poe- 
alhle to glre the probable runt of keeping the entire dty 
free of fog before ail effective oil ha* been determloeit 
upon, although a roucb climate for both rlvrrn put. 
tbe expenditure within f« a day for the cold »ea*m. 
It l> hoped, throuah Ih., exhaiurlre eiperlmenfc. ncm- 
bccinnlnj;. to replace the average ality-two days nf foe 
with which I.yona bi annually troubled by alxiy-rwo 
day* of normal weather. If practice bears out n iJiiu*- 
Ible tbeory. not only will Lyons receive II* full -iiarc 
ot suniihliir. but other Inland cities ilmlinrly xttuated 
by for will be enabled t.» proflt by t.hla 
IE methnrl. -JottrMl „t the Royal 
Society of Aria. 



Digitized by VjOOQle 



SCIENTIFIC AMERICAN SUPPLEMENT Na 2024 





Lo*rr operating platform of the engine room of the motor ahlp "Arum, 
■bowing starting aireaaniiaa. 



Upper pUt form In engine room of the "Aran, - showing heads of cylinder* 
and ealre-operatlng mechanttim. 



The Motor Ship "Arum" 

The I .orgeat 1 Heart Kaglnrd V easel Y«t Huilt III Knglaad 

I Ml.. Vt-K-t - |M< ■'.,.[.. Itllll lilr-l.i I'timl l"lln|l ||Hh 

tor* i.f i In- IHiowl i>|n> nrv Iviiiu built In litcmi>dtig 
hiiiuta>r* ahmad, mul I hi- largeMt vomm>1 uf this Mud yoi 
built lu Kuglaud, the "A ruin," lui* recently coinitsHed n 
sat 1» factory tiiiil ami baa prxtmilcd to the fast to take 
up ber regular work. This ship l» ."MM feet long SMff 
nil, 4? feet t ten in, mid L'T fi«ct •!<-»■[' wltb a deadweight 
carrying (H|Hit ilT of .*.«MN> hm*. iiimI w;»ti huilt for com- 
mercial work lat llvr I Vr^lini Uulf, a feature of her de- 
hIxh Whig ii spai-lotp. 'tween ilcrks uf eight feet. Biting 
>i for the pilgrim ininV or at. » military transport, 

Tlii* special point of Interest, btrwevor. Ut IIiIm vi<m*>I 
U tlint she I* powered wlrb a jailr 4>f IHcacl nil cligliu** 
which drive tier tbnnigh twin wnir*. These engines 
lire of Ibe I'uinr t>'M* u 'lh rnndibcatliwi* anil Improve 
mctits Introduce*) by the bulRlcrs. whkh greatly Mini 



pltfj the original design ami add to the convenience of 
starting and lua Delivering. They are on tbe twiecycle 
principle, and each engine tins fnnr ry Under* 1Y~.'. 
Inches Ism* mid XLsZ stroke, anil at l£l reTnlutlons a 
ml note each erudite develops 075 brake bnrse-|Miwer. 
Kuril cylinder Im provided with U* own Individual 
scavrhglng ryllinter, and a» thl>* U pUe»-d In>Uiw tbe 
ninln eyllniler. flit* conMructluii makes tin* ciuclne* of 
unusual bright, but Ibey operate very smoothly, with 
IHtle vibration. Ait of tbe vuhe gmr la very simply 
arranged and la wo well lmioaed thai few Mortal: parts 
are vhdlde. uitd many of tbe cuuipllcittloti* uaually »een 
In lite reversing gear lure been avoided. Tbe ttapor- 
lanl (stint In hirge engine* of ill- kind ■ f cooling Ihe 
l*f*t<ilkM U aee**uipll»h*d by forcing sen MMM throinth 
telescopic tut** into the bottom of the ptMoli rod, bill 
In this eaae It seems to have Is-on lmptswlhle to natke 
the numr-ron* eotinertlng gland* prtiperiy lltrbt. The 
e*thn«*t la so arranxed tlmt It can la 1 either passed up 



Ibe regular veul Hating funnel or under the donkey 
Isdlrr, which supplies Ibe auxiliaries with steam. Ilurii 
|mIt of cylinder* |m | molded with n Ihree— <nge air <^tu»* 
prv*cM>r. ami Inbrkatloti 1m by gravity. 

I'urgM U etirrbHl In f«ur ImiUR eneb 111(^1 with -la*- 
elally lnra»* hnlrhway*; niul under Ihe earg«i 1i<>IiIk ami 
tn tbo fore mid after |*iik> Ibere are eianiiairtnieulM for 
either water bnlln«t or fuel aJL In mUHtiou tu ttie*«e, 
fuel tnnka have la-en Atted on deck mid in tbo nmehlu- 
rrj apaoe, thua |arm Iding for an ample aiiwply fur king 
voyage*. Sultnl4e iirriingrmetita lure becti made fur 
heoilnu: the nil »h»*ii i ' ■ n 1 

Ttie "Arum*' wn* huilt h) Swan. Hunter A Wlghuin 
Rieim rdmiu, l.tiL, ului Wtftt ttao tin* Uillden of ibe en 
sine*, (hu Ita trial trip tbe riMi-l nude U114 knola. 
wblrb waa ciMtxIiJered sulUfaetory. Tlirw etigfi*** are 
of the "Ne|itiuie" type, ami 11 re iiMalllleath4iM ami fm- 
prxveiurntH oo the mnUira intnvluced by tin- Akrb>tMil:igt 

l>le*«e|M M'-t-ift-r IViroiNMiy itf Moekhnlm. 



First Aid to ihr WoundtNl in War 

That Ibe e^verituaJ liMthng uf a w-ntiml it largely n 
matter of the flrat treat own t it nvetyea im well known. 
Tim aiHiaer it i« prute*«t«| from the air the teas likely i» it 
that eomplte«t>onK dn*- U> inb« tmn will ensue. Keen 
savage- will attempt (*• rkar a uotitMl with a hit of eltrth. 
with mists, leaves, nr even earth. Hut sueli nut*riuj» of 
tomw eominouiy eoutaiii germ*. *jS sueh dangemuk dis> 
os>e« as tetanus, fefjttoeitila, eU'. (^unstMiuently all mod- 
4Tn nrmbt* MfJpl| MMt nUkw with a |avkrt eontaining 
ls»rwl»4[e« whteh run Im* apptiiil hv himself it a evorirwile 
printing tlw arrival of tbe amhulauee and the surge«)«K 
At At Ur**ember mrrtirur >>f llw« Krvneh Sia-iely nf Mili- 
tary Medirliw-, one uf the Mlbjii-U of dWIMOtin «iO ill** 

iinpOiVriiMHt nf tit*- Ar»t aid pawkrt hitherto empluvrij. 
i-oiilainiivr a tnfl of tow, 11 gau»* ••niupn-w. a handnge, n 
|«ir**e of intOfpWMC eluth MM >»« *afriy pin*. Ihe whole 
twing i'heiim-all> jiunrkM ami iinpr<unari-tl with » I ;UKMi 
hhIimiou isf IwehliaHde of men-ury. The iinp4*rfeeiu>rk« nf 
this type have Icing to*en n*cogiiM*d. and Hurgeoii.Ma)or 
l>irrand MMMMmI t" the MMM9 » new poekci i|r\i«rd by 
l*harrria<-i^t-Mtt>«ir IV-rd. Thu b. <le*<-ribe.| and dis«'u<*H-d 
by Dr. I*iua*an. tbo Chief Surgeon of ibe IVerwIi Ann v. 
In tin- AVeur .<nea/i*:viie for August '2ml. 

In the. ltrtt jslai'e, the l>nndage» on* doubled, sinee 
wmuids fn»m a lir**nn are u mi ally double. Another 
point nude u that anti»efiuk l» illusory but n«rjMM is 
all important. Maj. Fetel't Itarulage i» placed, hrfnfc 
any attempt at •i»fih/ntn>ti in a Amt etivelotsr af filtrr- 
p*|H-r ami Ml |MMl U bvwalMl Ml ** I MMMaHy in ihe 
mnnofiu-turi'. Dry mwt at I lbs deg- CMhV oWm MM 
tbwtroy Ibe xism*^ «sT anthra.x or uf thr Um iltn* *uAriJr>. 
and only a trfiipreaiurv <a* IJtl* ib-g Out. in water \aisa* 
MoMff * |m*»--uiv »»f twi» atiiHikpliervs giw« full areurity. 
After being dried in n viwimm. the Iminburr is fdar^l in 

an iin|M-rrm<ahle m and f<wr this Maj. rV<tel i:r . 

an nmiiwled eUuh whieh «ill n**bt a dry heat nf 
HO iUx (Vnt. fisr 'A* minutes. Thin eti*eh»jM* id e|««*d 
by a norm* Imnd <sT tbe same eUith sealnl with aarfitie 
rulUHliuii i.t-lliilo-* m MMMM|u This pawkrt is tlu-n 
ploi'eil in u walrrtiDKir |«n*kt t ehMing with »mip*. Maj. 
K*le| nJ**. |H"opoM«l to aibl in an tenor envelope a 
•mall vial «<<aitainiiig a euhie ecntinwtef uf ti net lire is* 
iodine. Tin* was rriiicirrd as U-ing inailii|iiatr. tlawigh 
guud in the*-r> , ami Ih>. I*iq--«n tuhlw that Ibe disiufcvtiikii 
irf wiHJinl* can Ims tbHa>mghl\ cuT-.Hnpl^hod only by the 
nurr* or miTgwon, and llw- fir*i l«amUg< -Inodd Im- merely 
(1^ |>ro1"-lH>u 



Dr PitOMiiu ul-tt i|iiotrt. with approval Ihr reitort made 
by Dr. hallus. Director of tbe Her v iff of HygMMir of the 
8Uth Army (*orp<. who had the happy idea of eonaulting 
all tbe d«r torn of the eorpH and fMimhimnc their ideas. 
Tin* refHart app*«re<| in Ibe April number of the Arrniers 
At MS Unite Mihtmrr and C4intitim>d thrfolloaing reciHif 
mendatiorvj: 

A. Tbe iwket ahinikl be n-ct angular 12 hy 10 eentU 
inelers, uf a weight of -"iO gramni*-*. in a triple envelope. 

|1| Kxterior envelope of *trong cloth «**y tn «i|»eri by 
pulling a Klring. 

t2i Interior en*«*lope of parchment paper or enann-lr*! 
eloUl in the funu «if it portfolio, elo-wd and ifaled. 

i'A) Tw<> IramUges, i«'h cuebi**d in flll««e |M|Wf and 
eompoM-d of a wad of low or absorbent cotton Hi bj Id 
wrapiNHl in a doubled layer of gausc. foldiil in Intlf and 
Hiirniiiinled b> a band A met*-rs b»ug by u n** mrii' ''T- 
in width, fastmcil lightly to it at II) centimeters from its 



extremHy. Tbe othrr end iplit fiw a length nf .'Wl centi- 
met«Ts. 

M. Hm bandage miut b»- aseptic. 

ft tt i« advisable that the speeiaJ pocket in the 
soldier'* uniform eoiitainttig tb*> piu V.t r should he lined 
with wauTprtMsf e|«ifh. 

Dr. Piusaan offers the following i*omnvenl on this jam- 
poaal: 

"We fear that this bandage, so *ei*ntiftcaUy preparetl, 
would prove a |*mr r^ivi-ting fisr the wmimt- it iwdrsigmxl 
to prot«"'i , moreover *p*— ial instruetton 111 its iw would 
he nee<liMl. A bamtagi* >l im-lers long would not wt*ll 
keep in |4aee a hand whieh n« tlippitu,' I'mhwhtedly 
a l»*tter im«n* to tin- end wmiUI U- fnniid in nildsT- 

emled ailbesi^r pla>t«*r.* < 

Speaking further is! the tKiudage*. provided in the um- 
bulmiee MTriee. Dr INiM*»n oloervet that tbe mHhod 
by wliwh tln v an* retuimil 111 |sodtion i« isf critical ira* 




Fig. L — Tbe divuion of wounds a*rc*r<lini to kxatkm abown In the human body. 
Fig. 2.— Contrivance for transporting wounded oiaa Oft tbe back uf ■ ho pilil 
israVrly. Fig. 3. -Method af carrying thr waunded on niulr bark. 
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puriaacc, alms* isnllnary hands arv eXlreotely liable to 
Isremue dUplared in lung transport*. Ho my*: 

"Dr. Cahiox wiu the tlr»t to propose, in 1(107, Irani* 
plant*, bandit of white ni bheriaed cloth, then manu- 
factured m (Icmnuiy, The**< have a very groat ag- 
glutinative |Mt»»T. M*j. Billet, nf V*l-de-( irfceo. I IAS 

newly raised the. question of udlnwve plaster rsrfan; the. 
hWh Society of Military Medicine. He lia* cxperi- 
turn led with this bden which i* not vrry rwenU ainue 
Von (H'tlingv«. in the Kit*M»-Ju| mnrMo war. made hmi of 
» mastic liquid with a ba*o at alcohol and turpentine. 
Tins liquid bceunkc the 'Mart\«tT *o largely employed 
in the Balkan war. Il i* very adhesive, and llv iranw 
nf U)e Isxndac"* PMNMm H*ed font to tin- skin around tli« 
edges of wound* bathed in it. 



"Maj. Rlllet prefers the adhesive planter of the letieo- 
pla*r type to these liquid- which form a orust over tho 
wound, and prevent proper drainage. Two rectangles of 
gauxe are applied to the wound and then a digit tly larvr 
square uf linen . Four bands of leueoplaat fasten the 
odgos of the tuuidage to the akin. A fifth hand may ho 
placed rrowwuMt for security. The loucoplaat. which is 
an adhesive band, i* very neat, oasy to put on. and keep* 
it* |«wiUon (irmly. 

"Maj. Reverehon, also of V&l-de-Grfteo, made u»e nf 
leueoplaat* at the I'skuli Hospital. The Servian phyxi- 
1'ian.t are in the hahit of using them, and Maj. Revere bun 
in a warm advocate of their oar. Different type* uf 
l»-u^o|4a*l* an- ntauufasiun'd In Kran<*»- In I'JIlf, Dr. 
Filiatre invented a transparent handage which merit* 



mention for it" originality It U oom|Hnw*d of a n<ctaugle 
of a spsetal HiitMiaiirw cuJUd eailophaiie. whinh is flexible 
and transparent and is sterilised in tho 'Atinriar*.' Thin 
in placed on the wound and fastened to the skin at it* 
edge* by a bund of rubberized adhesive plaster treated 
with oxide of line <k*iie»|>laMli." 

Dr. Piussan eikiisidiirs this "oeelukivo bondage" as quite 
perfect for use in operative wounds, which on 1 olran-cut 
and aseptic, but not adapted for wound* received in 
battle, whii'h are to Ih> oom«don*d as iu/eetod a /mutt. 
However, the facility of olwnrvation will cause it to he. 
retained in certain comm. He advise*, however, the adop- 
tion of the leueoplatt an nion as pnwiblc, saying that in 
the last war it was only too oonuwm to mow Isamlagta 
which IumI slipped, IravinsT the wound unprotected. 



Projectile Photography 

Easily Arranged Apparatus for Studying the Flight of Bullets 



N'kahm all of the fascinating work of pluriivnipfilug 
pr»t>x tlJf» in flight ha* heiii i|» tie In litnse liilH*ratorli>M, 

ami Ih4»f llllervwteil In tills >M|b>e<1 hlive felt tlml III*-} 
hud not tlie n«|ulreil a|'|innitik* fur miu-Ii «*X|H*rtnu'iit>t. 
Now the piirtMW «-f tills article L« to wt n»tile these 
blraK mill to rive n elcnr Ideii of the whole ofieratliia. 
II inay well he snlil thut uiiy student attemlluic a arnool 
or eiilleip* |HMNCHslii|t n phy-des laboratory enn Mii-eee«l 
In olstallllttt; K'*d lii'Miiti vex nf pn>Je*tlh<M 111 llluhl A" 
■ role the niivt MrfOW ilrtiMtaiek i- IIm- lark of an 
lndusnlon mueliliM*. Iiut It U ipilte [Mvwllile to use an 
Induction cull In Its *4e*iL lit tbn Mtowlm; IIm-« a 
dewrlptton mid explanation of Ibe CMBfloto o|N>mtli>n 

- - . ti i r nt I >: 1 ! r t in t ' ]il > xl ■h I ,. .{ ,i I , . -i ■ -• 

of Ma DM* Miwh Hctual of Mii«i:-.*|-til«, Minn., will be 
Riven. 

The npparutus uxil In tbLs metimtl of jibiifi^raplOiii; 
pntjeiilles in ttlirlit ivmstMed of iin hnltw-H.ni marhliif, 
a battery of Is?yden Jurs, a spark id»|>. larm* «-*uuli'nslnj: 
let** and n nuiH-rn. A view of the complete iipparntus 
nrratupd In n working MQMtlMl U diuwn herewith. 
At the extreme ritfht will be aeen the kuii cIhiii|mi1 
rtjfWly to the table. Placed oil ttwt tjihl* to ths< left 
and bade of the sun U the Induction inarbluc. .lusc to 
the left of the static electric mnchiuc la tike buttery of 
l^cyibii Jmp*. Then further to the left Is the spark 
Kill- ill reel ly In fnmt uf whk-h are the coodensliiic lcnn 



) 




Arrangement of the apparatus for photojrraphiajr a 
bullrt in flight. 



and camera rc*|N<ctlvcty, Tike frams-work whh-ti »<)uiws 
near tbe Lcyden >ars U u device for hxildttlC twi* wires 
by meuiiK <if which the sjtark l» iiiuwd to Jump ut tbe 
^INirk imp by the brlnxtiiK of the two wire* referred lo 
In iiwitiK-t ulth tin* another. The whole o|rrutiuii 1m 
carried on In n |*vrfet tl> <1mV risaal MVI for a dUu 
mhy Hirht. Ttte arraiiprtoiYit of the ii|*iHiriitit« is 
clearly shown In the aeeompatnyliu: diagram. 

Tbe nrruiitrcnicnt of the apiatratas Is as follow^ : 
Tbe euii is first ilampcl thrhtly In u rbtld ihmHIoii. 
Then a InruH for *1"liilm£ UM hollet |m put In InUttlMfc 
A lartret can l«e nunle ■•liber isf hloi-ax of w<hh1 or ti> 
1> luif »*-icral thb-k iiiainixliii'M ri^ellser. Hef-m nr- 
ranirlnj; t\u~ n-st of |tn< apitanitm- IIm- |Mtb of tlw twillct 
uttk^t be found. This U done hy idncluj: two piece* of 
cardboard In vertical |K»dtloiiK In the unmrent path of 

the hill et. I''it him limit ;i fool II fanVl Pa* tttfl M HUrtl 
of tbe cuo atM| tlte ttlHf u T>*4 to tbe far hid* of Hie 
point where tlie causera Is to ha plmsd. A shoe b> now 
flred, puiietnrlnK eacb ciirdlioariL Now by dirhtlni; 
tbr«iiu;h MM bole In tbe cardboard to the bole In the 
other, the path of the bullet may In* banted to a nicety. 
The next pietr- of apiHinttu* to lie «ct lip Is the frame- 
work for hoMlna; tb rfriiov MtTM or attaM In (be |««r1i 

of tbe bullet. The tuiitaet wires an* |daeisl rertlcfllly 
and mud ts> exaetly In llw isitb of tbe bullet. For the 
contact « In-*- or strip* No. • »-ii|»«*r wire or leaf r*n*pcr 
wire will serve Ibe puri MI **** rcrjf well. Ilavlni; put the 
framework In tbe proper position prucwd to |Muce the 



By NomiHii Karck-n 

s|<ark imp and the eoiwlpnslnt; lens awl mnirrn in tlu-lr 
INMltlons. Tbere tan Im> kIicu no ildlntte mensureuients 
for tbe placlnjr of tlie last nniued pieces of upparntus, 
a* different uxis-rtmeiilers will pnsbably bare different 
MttdH of IhatraneuK However. It In be** lo plHce (he 
■-oiideiislns b'lis, wbb-h sbisald be Ave or six Inehe* In 
diameter, about two Inehe* frisn the [oith of the tniliet, 




The ballet emtrgint from the muixlc. Note tbe araoke 
Iprecedinx (he bullet, 



Set It isn the side on which the camera Is to he located. 
A cxuidenednt; lens lot Tin* a focal lenftth of about six 
Indies vr||| be found to 1m* rcrj" well salted for the 
|nirp<--e. Now put the >;mrti trap nt -ik h n «U-i*i»»- 
frisn (he )en» that the jwm-ll of ray* wnvergliic from 
ths> b>na will lie brought to a focus at about eighteen 
Incbra from the path of the tiulleC Then place the 
camera so that Ha lens Is at tbe focus of the pencil of 
ruya Just referred lo. The camera diould be foruaacd 
mi tbe i mdi of (be bullet In order (o get a sharp Image 
of (he projectile- Tile optleal aitx of tbe camera ought 
to In* |ier-|N*iMlIeuttir to the |*t,th of (he bullet, ami the 
spark gup placid on this axis; also the axis of tbe 
coiKlcndng lens should wbiclde with (hat of the camera. 
For a clear hies of the nrraitgein-rnt of these piece* of 
ttp|«rntUH ivniHult the dliik'mm. Set tbe Lrydcn jar*, 
mid tbe Indnethui machine In anj oonvetilent jn>h|||<mi. 
Ity folbiwliig the arrangement In the «llngram a great 
deal i'f uuneeetoary wiring mul a large siuount of eloc- 
trleul ieiikiU'i' whleb Is at times very trouhtes^nic will 
Ik- uvidited. fonuei't the mncblne with the I^eyileit Jnrs 
ami the Jars In scries with tbe apurfc imp and the second 
break. Iberet<y making two hreflks In the circuit. Tot 
(he ci«iM*ctlng wires annuns'latisr aire amy Is* used ; 
hut It should run fnan one connection straight (o the 
other. Wherever tbe wires are to lie supported they 
must be highly Insulated. Pieces of etnas tubing are 
very convenient to use. Also wherever a wire might 




Diagram of electrical eoaaertlan*. 



Iisrich anything wbMi might give way to leakage or a 
■diurt etrvutt. Insulate It with glum tubing or mh-a. 
Ilnvlug pti( the apiHiratux In a working nmilKlou pro 
DMJtl hi try out tbe experliMeut. 

riot of all tha( tbe contnet wtris< an' pbiced 
exnetly In tbe |iaih rif (be bullet, anil lhn( they are 
iilstit a iianrter of un lie h a|«rt. Ib*ud one win* MJ 
(hut tbe other will mrely cisme into cuutnet with It 
Adjust the spark gap so that tbe tenulnab are about 



a 4|uarter of an Ineh apart. Now o|M>rnte tlw maelilnc 
until the current Jiuu|»s through both linwU Iki this 
screntl times ami look for defists in (he wiring. <bi 
llmllng everything all right, atop the machine and fully 
db»j-biirge the I^ydeu Jura. Now find out how many 
turikN uf (he liKluctbm UMcfilne hamlle will charge the 
Jar* so that they will illacharge through both break*, 
fjf this neveral times, discharging the jar* between 
each trial, and Mint (he average number of (unw. Now 
try it again, but thin time give It four kaa turns and 
then push the ciwitiut wire* togetlo-r with a glasa rod 
or other giNsI liiNiihilor. If tbe s|*ark Is pnolneeil at 
(he s|«rk gap alien the contact win's are brought with- 
in a slxteenlh of an inch of each other, the current 
uumlN>r of lurik* bus ln*en found. Now load the gun 
and cock It ready for firing, turn tbe handle of the 
static machine the coired number «f turns ami at 
the lust turn Are the gun. At the same time watch the 
"|xirk eup (o m*w> If tbe »|st.rk wm prmtuced or not. 
After having put all tbe apparatus in u working con- 
dition try a plate. 

Nothing bus been sabl heretofore reganllug Hie kind 
or sice of plate* or tbe kind of camera to u»e*l. For 
the camera MM abb a lens of large a|oirture Is pref- 
erable to one of smull uiwrture. However, the lens 
of aliuivt any camera may he used If the pencil of 
rays eoinlng from the condensing lene Is focused ex- 




Thr but let In flight : monk velocity, M feet par 
aecond. 



ai-tly U|aMi tbe center of the camera lens. Fur the 
(Nbitcs, fast ones are best to u-e. ami the faster the 
plate (he better the pMnn'. The writer uswl Lnmlcrc 
Sigma plates with XihsI results. The plates aliouM la- 
lurgti enough to sbon* uhisut four of Hve inchc* of (he 
ptO of the bullet. Hy consulting the UludralloiK* It 
will be seen that tbe iimtnct friffM were placisl HO that 
tlsey Just showed on one side of the plate, (hereby h-av. 
lug the rest of Ibe plale to catch lhi> projin tllc. 

After exinsilug the plate develop It Immediately or lu 
a short lime. l*>e any rellnhle develo|srr uikI use n 
Miluthsn of Niii-b »irrt»gth thut derelupliig will not Imve 
h> In* carried on for more than Ave minutes. Fix the 
plate In a strong acid H>| voliillon. MM M It tlx 
uIhmii twb<e as long «" II tak««> It to clear. Wash the 
aJatfl tli<>n>iichty 1 itry It in sneh a |aa*lllM thui I he 
dust will ni* settle upon It It will be fouml con- 
venient to make the dark n«*u lu which (he experiment 
!•« curried na, serve as tbe photograpldc dark r«snn, 
TIiIn saves a great denl or time as well as troupe. 
If the foregoing ln»iriatl<'iis are followisl. the writer 
fitis conlldeul that there will l>e no gniit tmuble In 
otrtalning go»d negatives »if pniJectUcs In tight A 
great deal ib<|«>tii1s uinhq the exiarimenter. mid ho mu»>t 
ile|*end ii|«ni himself h» MtfMJfl MM pMaaWl aanaWfP 
whleh mlglit arise from hl> own laaatbtaat "f wlrinx atol 
arranglux the apjuimlu*. There Is still n large nun unit 
af knowlmlge to Ik- gained by this faaclnalluR work. 
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and It Is witblD reairfi at a great many wbo do not 
rcaltie (lie isswlblllty of their carrying uut thin «- 



In one of the Illustrations, lit the left In seen Uhi 
inoxllc of tbc cull ami Ibe projectile which ban Juat 
emerged from it- An..u.,.l tlw lun* r*rt of 



at* wo th» Jela of expanding gaxw. The volume of 
niwlut and gas which precedes the bullet from the barrel 
la shown very plainly. Tbc white streak U tbc spark 
between the contact nU-liia. Many Interesting and In- 
•true-live pictures of lbt» sort are Id reach of How- 



to My that be In ( 
to Prof. J. It. Town* of the lycisartmeut of Physics at 
the East High School of Minneapolis. Minn., as It wns 
through bin kind prrmlsuluu that tlir use of the IuIiotu- 
lorleii wan obtained for rurryliig out thin interesting 



Climatic Influence of Forests" 

Results of the Destruction of Timber on Climate and Soil 
By L. A. FusU-rv 



Tlia problem— If problem It be— regarding tbc essTcct 
Uml forml growth may exercise U|w» climate and ralh- 
fnll. U esse that ha* Dut. to any great extent, been 

but. although precise data, aocu 
tunes. Is wanting in tliU> direction. Ibe *•! net tons, de- 
rived from cluta; sstewvaUno of cause ainl effect, aa au|s 
Idled by experience gained In other countries, arc not 
wanting lo rnwi" » strung argument hi favor nf the 

eolllefltlOfl. 

irlng to eider npoil » illa.|nlsttlon on 
at phenomena, it may briefly be stated thai 
toe greater Importance of the •lUwUon lo Australia. 
Ihao itcrfaaps to any other country, Is chiefly due (o 
tlw gnngrapbfynl position oo-upled l>y Ibat portion of 



ber ha* u|kiq climate, retention of soil and wiiter sup 
lily, ami serine that J.IWO year* of clrUlxaliuu have not 
produced an elbelpct substitute, such Ull argumeul In 



Ttie lat« President, in bis address to tbn Anuirlean 
forest Coogreaa, aald : 'The great Industries of agrl 
culture, transportation, mining, grazing, and. of i-oursc. 



of lntlttide. 

These latitudes, ontiiuum tn Itotb lwiul"phcrt<s. em- 
lirmv the Blill-*-.w*l'iii!c wsues or high pnsssiire IsHta 
curirt'liog Hie globe; but, unlike other countries tbnt 

fonsd, which make fox cooler air currents awl greater 
humidity, Australia's miter bnii but few modifying 
Inllu.Dcr* to protect lis central regtona from solar ac- 
tloli, and to usalst ill Ibe 'urination of cyclonic dlnturb- 
aiice mid regular precipitation of moisture. 

'Ibe radial hm of l»wl from exnoeied earth and ro>:k 
Mirfaii" «i«l»l- In the formation of the high i-rpasuro 
anil which the beiirt of the Coiitlnvnl csisslally favors. 
iiikI which, by Its drying influences, extending far luto 
the settled regions, lends to «|hi»>ii. silo and Irregidur 
rtilnfatl. mid ncgrnviiliM the lotenulttent i-ondltnius of 
dr.wght which iwn.ll to a greater or b« extent oier 
vast anus or the country. 

To whnl itcgYec *tiu-tl sdverse toliditloiut run be aiuHI- 
oratiil l\v Inniuiii i-ffort k>i a iffoblenn yel to l*p wlvml. 
but tbc nrtliv anil |»Tsl«lciit ewbuvor III elery cUlllaed 
o.iiiilr) „t tbc world lo rcm.«ly the wu«tefiil ejtrava. 
gam-., of tlu- i*.-* hy Ibe iircteWloii of cvWIng fi>ri-»t» 
atul nir^ewtiitloii. buth for climatic lensims aud tlie 
supply <if lutniao need>s odTers an object u-rvwa wblrh 
the people of Australia bnve been too slow to follow, or 
perbn]H< loo Idle to bee«l. 

Since the IncrrAAe of cilltlratli^l and the general ib>- 
ilructltai of limber, ninny Knro|iesn txiuutrk** have he- 
coliae [MTrciitllily warmer and dryer within historic 
IIiik*. and pmnlsliig that Ibe 1oh« of foroj vegetation 
Is i«ic of tbc (indisposing camw, Ibe effni'ta hnvc liccn 
lo liu'rviLv- the radiation of heat from ex|iosed earth 
,urfii<sr., to a-H Her rspld evn r «mlloii of molslnre. 
ami lo give rise lo healnl ami drjing wlniK wliMi 
a-wuiiM- gnuler fore* 1 anil violence wbeu uiilmlvbsl by 
fwl growth. 

Tbew cllnintu- ehiinges hnve led lo III* ciiciuslnos 
lliat deiioilatlon of timber in (he cultivated illsulcls 
hn> pr.neil a lending cun»e for the tucr.«»ed drjness of 
Ibe seasons, the preinlelM-e nf violent winds, and the 
ilKipiicurancc of ibe Hrilillil<> coostlluefits of the soil 
wblcli hnvc become enjssipd to the melting Influence" 
of swii'ldng and tnrrcntlal rains. As ll result of these 
deiliwtloiiM tlw*' cbwest altelitloii has lieen, mid U now 

being. i«il niieit parts of the clrllLwd w.»ld- • >cn 

In I'hloil ai»l I"!""" to llx' .-Ul.ll-hnienl ami support 
«if >* -l»-ins of f..reslr>. 

Tl«- I'nltt-tl N1;i«,-^ ;i ,*,tiipiiiiillvi I) young ci.slnlry 
l-t-*«'v<cs miirly nai.nsi.'SSl lien's of Inlwl nieb-r forc-.t 
L-rowlli i nearly .«.c foiuiti ..t Its tiaal anil I. ami y.-t. 
il.-pll" lb.- efforts now l..lng nuole to nulTon'sl de- 
uildul territories., a timber famine Is predicted In Ibe 
liisr flit inc. 

Tbc Slste l'ort-der of Oallfornbl ha- ss.lv tr\1 a 

■■ass it I., protect w»tcr »l«d«, m.il.t |«.ll.i' is.wer. from 
•b'i'ustathiii by pri.isie owner- that lend lo Injure tlie 
ItrUiitlou of lands lying below. 

It hits Ihtii argiKsl by some tbnt evi-ntuiilly wssj 
w ill Is' ri't'lsscetl In many of onr Inilu^tries by Iron mid 
"tlicr sub-tltiites ; mid this Is ln-ld lo be n substantial 
rs'ns.si tit the saerlllii- "f <snr fonssts to Ihr iidvani-e 

of -. lll. t : bsil ii port from tlx- .v.s.»l. rsill..|i Ih.t 

luls-r ,.f neis-sslly l~ gliell t.. Its,' llsttll.'l..~ wllUh tlm- 



npoo wood, wider, or grass from tbc forest. 
Tbc manufacturing InditKtrles, whether or n«4 wood 
enters into the-lr anlshcd prist m-t. are wwr<s'li . If at 
all, lean dependent upon tin* ftsr«s>l Ibati tln»*c whoae 
isinnectloti wilb ft Is ohrlous anil dlrvs-t." in fcjteafctllf 
agniri aa to Ibe importance of preserving tlutber in Ibe 
rlrtully of open enuntry and great plains, the President 
aald : "Wood forms an immensely issrteiitous element 
In hd|jDg the fsirmer on these plains to battle against 
bis worst enemy— wlnd.- 

Ttic wldns-pri^ld effes'ta ujsjts ctunate and raiDfnll 
Ihruugh general denudation of limber, whither It l>c 
for industrUI corwumptlon or for Ibe demuuds of agrl- 
culluml settlemeiit, need no eomnwut fivm thrsre who 
Ulleve in the rthuatlc Inrlncnre of foiwts. 

I*t us lurv again In the obsrrTatlnos made In itlicr 

American fonaular rv|sirls Mr. M. U. ParU'lht Tidied 
States Oonsul for Irinuw-lilorf iPrussIa) says: "A great 
Isirtl'sll s>f the private fore*.!* has lain dcvnslatiil 
and mudc into arable land. In i'orc*Hju*m-e of lhat. 
Ibe hnmldily of I be eurtb dlmliiivhes, anil the land 
Itself liocoliieH inorv- sterile. Ilealiles Hint, the useful 
birds, Isedlsg their allrller mid plan* fs* 
lusis'is uinlrlply, and cciUH<s|ue»tly the 
eertously diiuuis<d tberi'by." 

IMllllinil Jussi'li. 1'iaislll-tk'llenil for Ibe Hulled Mtilti-a 
at Vleiiiui. wrltiss as follows: "Tbc causes of toe 
de-lrlx-Uoll of fon-rts have lien Ibe shim In the M 
Kortd as In Ibe new. The grwl of men, the ds-slrc nf 
>|ssd> gain without rvfereoise to sunsi i|iieiniMv the want 
of Judgment mid knowledge ns lo cause iiim) elTest in 
the courses or nature, have shorn the fstTest* along Hie 
spurs of the AI]M and the aburca of the Mediterranean 
with tbc same nserclliw energy which has Isccii dls- 
playcd III the dlrrctbsn alon« Ibe shores of American 
rivers and no the slopes of Anierlsau monntnlns. A 
great ari'a of the shore province* of this empln- Is now 
almost an arW desert. Tbc result In a climatic dlrec 
tlsm has. us, a matter of niurse, been highly dl»;t-trous. 
Tbc Minss. ivkI.sii which hud l«'n famous f., r lis mild 
mid tenits'rwts- s-llnssilc bus lietysnic elutiigenble slid un- 
n'llulile. Tlie mountain crsvlis have become dry, uml 
the whole fail: of the cssmtry luis been changed from 
il rich, fruitful, uml salubrious Hiuiate to an arid, sterile 
plain. Interspersed with stony mi.l isirrhcd hillsides, 
P"|»llaled by mcagi-r sbceji aud their ispmlly meuger 
owners." 

Having toitched ilpou American forestry i-itfiillttoll* 
mid dismal fsms-asts let ns for a mnoienl <rmlra«t 
the p-cltlon ..s nplisl l,y ow own Slate or New gniitb 
Wal,^ with that of the l ulled Stntes. Instead of 40l>.- 
nilO.ivgi ai-res of f«.rest imn In Ibe hitter <^imrry hit 
one fourth of the whole Is-rrltnry — we |xsm«'v« but 211,- 
l«»in.»l m r.> of lunsl, Ihc bulk ssf wbirii Is coollii.sl 
to th, Pa.111.- Const, or le-s ll..in one fifth of the toUl 
men i>f tbc Slate. 

Pii«ti,rul i«s.|s hai,- .iciiii.l.sl v,s>t s.illiibl... for 

-••111. HI, r, I, „r lltnlnT. whii h. IT t lis- ^snlt* of .Is'slruc- 
llou had b»»is fully rctiliiccd. would bnve tss-u teft In 
n|s|>Tis,|al>le irnnnrlty for the use s>f fntnre m>ncrarli>riH 

Kefore the country has become populated tbc lliuls'r 
lias disapiMred. and Is fnst dlsapis-urlng: binr nsssw- 
«ir.v, then, Is It lo iwsservo Intii.l every acre of exist- 
lug fiiri'Mt Uml In the Interior, to asolst In satisfying 
the ns-isls of ^ cssnlng pco|de, nud to sissy, If pistsible. 
Use sllmiill, rc.iiHs of ilcnuitsitlou which must Inevlt 



dense isspiilutloii, ImsIIs ts'iitnilhosl as well as nsrsil, 
wtsirsc uesils for great |s rbsls of llliu> must have Iss-n 
sniqilicd fnmi evrnmcly fertlls- soiinvs, msssvosrlly — 
owing lo primitive uxard of tniusport fr.an the sur- 
rounding dlslrlctn. This coudltlols of fcrullty mssosl- 
fated the KoseiR-c of fomtt gn^wth, s 
ami a hnnifsl iitiaosjdiere csjcisequ 
.•r a luxuriant vegetallolL 

Tlie physhlll comlHloii of these cuujltrkw at the 
pn<scfit nicsmeiit osTisrs the slroiigcst pnnumptive evi 
ds-nce as to the truth of the lualu ssuitenlltsli. 

Here, js'rhaps. a eom(iarfss>u usay he drawn between 
the urlsl condition.* of those tlmberioM region* ansj Lither 
ports of the world, whose latitudes within the trispical 
Seine Hhould naturally intensify the elTecta nf solar Ileal 



The pn*.nhle twults Ihnl .lestrnctlon ,if HiiiIht may 
hnvc ul*,n cllmtlti- onit soil nrr mure i-vis^lnll) nsirkisl 
In tin* lent is-ni.-rs of civlllaisthni tliau I'lscwlis.rc 
Tilling Assyria. Kg>|<, un.j oiher uelgl oun- 

m ■ ,li of 



Tlw.' vsslb.ys aiid .iribntarl.s. of ibe Anunssn. tbs' r.sw;.., 
nisi is-hcr geiwt slrcJlMis are favored by climatic .v.n.tl 
ll.nis id biuulilily How almost entirely absent In the 
higher latitudes ineiill.Jicil, Tlie mil*nc» of u.ple.0ls 
vapor evaporated fr.ni tins*, waterways, mid exhaled 
from Ibe dense foritt* which clothe tbe-e great nrcas. 
loo far dlstullt lo tie swept lnlss the is>wn Ity variable 
winds, aud checkut in their course by forest growtb. 
lire J>rcclpiUled, maluJy. wirJiln Ibelr own limits, thus 
giving tsi Ibe clininte of these n-glons the huinl.llly nml 
eiennesM of rainfall so hecc-vinry to render them fiittd 
f.sr the habitation .if mail. 

tllven the snme .■.assllll.ili" of human agency whl.li. 
In tile past, has *ws-|4 away the fon*ds from tin. ancient 
centers nf [sir^iuilloii, would not tbt**e regions within 
the torrid zone present tht» snme barren aod arid fen- 
tuns, which we see t.sday III many csintrles ,»! the ci.1 
ws.rl.1? If lb.- answ,:r Is iithniistsve, the ussuniKvun Is 
clc<ir that the pri-en.i' ..f for.»t giv.wth 1» a d.ssilnsnt 
fas-lssr il. Ibe preservation srf favorable cllnmtic ,,niU 
Ibsns. 

The qncsll..ii bu- arisen, reciirdlng Ibe elfcrt of gen- 
s'ral tliuls.r killing .ai water siipHy. tbc effei-U of ttm- 
lier disstniction .si blj;h slts-p Iiiii.Is on lb.- i 
rivers and other wstccsnirses, arid Ihs- 
tbs.y ofler to tlmsls nud ero-issn. 

astaLtt or Triiiirn-Kiu.isa on HslSF.ti.r. 

LTiitlke irfher cx.untru-; wli.rfe is-rennliil slnsnns are 
largely fi-d by melting snows from high altitudes, Aus- 
tralia Is dcrs'ii.lelit lor Its snrfinv supi.Il.s. tar l.sul 
rainfall, It puny Is* nssutiiol thnt us humidity ..f nt- 
iiovcpbeiw Is liisc|inrahle from sourves of eva|H,ratloii 
and c\haliitl..ii mull as pri.tis'tssl soil mul vegetable 
gn.wtls. «i, .a. Use olbcr band. It may Is- ssKKlosbd 
llsat Hh. ib'Viist.irl..ii ..r f.«r.>-ts nnd tlie ilelin.tnlinn of 
tlmlsT gi'l.erally must rosllr In n liso.riilng rainfull and 
a diminution of .cnrfn.e water ssipi^y. 

A» limber ilL-oiiifiears before the mars h of husbandry, 
the IniTeusisI bent ra.llatl.m fr.,m the earth's surface. 
lill.l Mre by the destruction of Its mitural emeriti*, 
acts as a .Ictermil lo the prrclpltntlon of Iroil rains ; 
following whleh the naturnlly arid mndltlon of the 
interior of this c.r.tliieiit iMH'oms's iiggTllvnted undi»r the 
ilcpsivutlou of a natural *ii|>ttly of iiituo«t.bcrle motsturc. 

ISrennlmme vsfA.rs whls-h Isllefmte In-ynlnl coastal 
limits under eomlltlnns isf lo 
sstr t.ns ipltntlMl U|siu t.nre surfans, with I 

Tie. to ntle alMisri^b f L-turs- lists, lbs. sss!l lie s.s-|- 

isgs- ttsr.ssgli the ptMl.s'ln.g li<iiijit> of llw f.iivst Is 
iit.s.-nt. mul the rnpi.l ao'iisiiiiltitU'ii ..r wsili-r. Ihlijs |s-r- 

uiltl.sl to Hon I he.-k.isl. noisl rrfidcr Ihc Imid sllbjls-t 

lo .s.ndlilons. of .M.bl.-i. s.-l .llsnstr.sus ll.ssllngs. 

Ttiulier killing ..u high, si.s ,, binds lends lis i.x.r.- 
disastrous resnlts than enn at preseut Is.- eoncelverl in 
a young ..sinlry like Aii-tmlln »:»|sTlenec In thb« 
dlrss llon bus not yet Iss-n fully gained, Hit the know!- 
i-lge lis.piirt.sl by islxervrrs In the svlsl world offers to 
us ol.Js cf -1. s-.iss which cmiiiot with emmun prudcn.-e 
Is- m*gle.*t.'.t. 

IV.nchlug ou tills i„«Snl, and sts-akUig of the slevastii- 
tl.-ll nf forest grouth In lite western provinces ,>f flail. 
..vsT. Mr. 1'. Italne «'.,i,v.il <;.iseru1 f.^ the 1'nltcl 
St.ilcs. sisys: ' In II., n,.-|..|i| pros lli.-s-s. schl. li are 
rl.-n In m.sihlnli.s. tbc r. rr il.. forest soil. Ibe rs-snlt of 
is Ihnu-Hii.l venrs of !euf nud needle nourlshnierir. t^,s 
twm the hs l^hts ,ji the The 
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c rays of tin ran. wind, and slorow, reader the 
icrmioil arid mid unproductive. Ruin and suow wutcr 
luue carried what little Ml rewatneU down Into the 
valley*, and even Wi* hitler have- not benefited. The 
crude and aterlle notl of tbe mountain rubble and peb- 
ble* luivo followed, and flUwi the valley* with mud 
Moisture In no lunger returned to tin- 
' hy exboJutluu frutu fore*ital plant* 
nor hy craporaUoe from lea re* and lux«e fneo*4 hoII.** 
Under forestal growth on elevated land* th* rainfall 
to absorbed gradually lulu H« wibwdU, Undine it* way 
to the underlying n«* surface* along the roots of pw- 
Lite Umber »'hHi ].eftctratn to IIimd. to break out aim In 
In npring*, and co food gcuUy running streams nlung 
the valley*. Tlie timber ttcing destroyed and h«d- 
gruwth decayed, the wirfntf lurdvon mid i/frYra m> a* 

Umnhm* rhaimelcd and eroded, being finally swept uwny 
In muddy torrent* to silt op stream and river Urdu with 
witMl, Htiion, and debris. 

One groat feature In Australian lulidneapc aevm-ry 1* 
the aspect or lb* InmullfuUy ft.tH.dH ami gently . 
elevation*, for the me* |«rt clothed to their 
I growth. 

I forum hunt of thui country are similar 
lo inauy re*peet* ti> thoao of Uie old world. Itn mouu* 
tain mam* are fiuhjert to the same erosive action of 
luobfture. wind, and weather us arc thoec of other coun- 
tries, and It may safely be ronelilded that In niicfieut 
times the now rugged, barren, and uufertlle shipe* id* 
such mountain range* ax tin- Alp*, the Pyrenees, Apen- 
nines, ami hum 1* Hen* nthem were equally rbrthed, 
equally rrmoded. and a* fertile in early days iw our owu 



The *am* result* mint follow I be dcntru*-tlr*u of for- 
ent* upon the xlopca and *ommll* of our hlll« l»irderl»K 
Mir fertllir Tallejs «x c*j"'"*K , ""'* > nnd observation fcn 
tulirr iiUm* liate flhwii ; «»d It muat t*c mncinbwJ 
that. i>cm^ kwt, the soil <nn never be renlacod. Uod«r 
no rCTtdMUm wlmtovrr oui reforwdutloii take |4ar* tn 
tlit*«e Uw-alltlpK, and no rcm«ly chu Iben offer lt*«lf 
f..r IIk- evtl tbet has renal tt-d from litinan *ff*n<*y, tt« 
hiiltrovlilt-nre, Ita lieiKirniKv of v*w* mid erTwt or Its 
wilful dk*rcimrd of tbi! ^iirHt- of wtnrc. 

In the Tumut dbtrM of N>w iionth Wales one ou^ 
In partlmlar offerw a rtrtkuiK namjile of itrmiMay 
Reelect. A laiidboldf-r, with a view to incre&w tile grax- 
buc mimi'Uy o€ l)b> hilly landn, rlnittafaed the whole 
of ihv tltaaVr upon iheon, and for several »*rs nnjoyed 

Nit. a« tlw timber decayed! the root-itrowtb hwtt lis 
prvhem;lle prnip, I be noil released thereby nvaue 
loo»T!iieil, and irnidMiilly k*ft thi> aaBDmrts. wblrb Ikave 
beeome deiiod<-d of nwy vwitUni itt receUtlofl. Thfc* 
artloti will Ita'vHnbly eonUnue till theae bllbdik-s arc 
Ktrlpiie*! of their n.vcrlnt, and the liitervw»ln« Talleya 
Ailed with dVbiid from them. 

Too fonnti rxlaUnx alooir our river enuraca aluxild 
be preserved by crery ponfllble n»wiw that lefti^laUon 
can provide. 

It has been oti^nnl (hat marsUuc of rireni frliMCPd 
with forewt BTowtb enj..y a blxber rainfall than tlw 
immediate blnlerlawl <tf plain or culllvat-O lanils. 
WhHher thin In i|iie> lo an attraction whkli the )ir«*e«r» 
of water niH.v eXi-tt on ralocloudt*, or lo this lni|«cdi- 
bint whMi llmlMT offcra to the awlfl |oi»oiap* at vanor- 

h.i u»iitt.-r what llie auiae may be, the tart rcmalie*. 
and for this and other reasons exfcrtlnic ruodltfon« 
shoidil, if pract^wble, be maintained at all c**u», and 
the watrrwajrit of live country rmusln prote«Uil alonft 
their marrtuM by |ierniao«nt ve«i?utUio- The ahlfttnR 
of rbannel bttK the sllUnir up of rlu-w aiwl streams, 
the Dllfnc In of dfprcaatuns with *Ut. mnd. and d#brla 
by the art km of rains, are tracenhl* to the denudatlnft 
of tiiulM-r alniit; the «*jr»e* «>f river* and o<i adja»-ent 
cultivate! arras, often rennltlnfi In Impeded mTljcatloQ 
aiMl ih«trui tlo» of pro|«erty- 

Tl„. ipimtlon hn» h-m askiMt: "To what intent la 
It pntHlcnlite t» «'W or nUnt, or *iw and plaiU In the 
icr.v open tract* *>t ti«ntry lu tlw* cent ml »>*-l m-rtrm 
dlvUlons i4 the St«t»-, wlile hclta of timber, treesi, and 
shrntK. appro* limitHy recUnunlnrly to tlw coiinm of 
prevailing wln-lar This U nn e»ce*dln«ly difficult one 
to reply to In a practical marine*, 

r«e rT.Avrtsr, im urts corsnr x<rt nuiTirAMje, 

The «*il-ar1d eondltlona prevatllnjt over Immena* 
arean of th«e two dlvWonn, the character of Ibo •oil. 
the prevalence of hardened and baked day snrfacea. 
»|iarHi-ly covered In plaeoa with bot ft apclnkltn* of fer- 
Ule htdl, render the plantlnc and awing fit forest plant*, 
with a hope of Kjitl>*f«rtn*y remit*, eitremely prt©- 
hiiiiitlcal : In fart, U may generally bo said tlmt soch 
an ntiempt In the mori- oimmi country could 
lienr nerloua wiwl.bmtlnn. Tbe enormona e«<l 



tllOlciUUns attached to the adaptability of i»UoMlfe 
to sodL. prcw>iit Ineinrmountablo olmtacft* to priutlrnl 
endeavor. 

An ajteroatire aoluiiou of the dlltkrulty to stiiccistcd 
In the eocnurajp-'ment of native and the IndUceitoua 
Haul-life of the locality by natural nilher than artl* 
ticlal menu*. It Is n well-c*dabliNhed fact that anlUiuah 
iviiotry, eo-twllc«! In curly duya, will recover to a very 
L-irtmlderaMe e»tcnt If protcctc'l fr«<iii feeding by Htock, 
cnrwctally ahevji. Vr'hctber thla In due to send lying dor. 
nmnt In tbe xroitud or to r«n4-jfn>wtb still rctnlnln* 
vitality, or U» kdh cauaiw, Hi* fact 
myall, Malthnsh. and many other aulioo growihs wilt 
rcapi>eur uti prutected areas in favorable muoiu. 

In the ycuni lS7riS7K. fntlowitut the wbul*«*ale rlug- 
IrtrLlfit,' **t fi*i«wu «ver Uic bttlk tif our |MUftir.tl buld 
to roaffoenst hy natural 
occupied by pine foreats. An 
Inuuunlly from disdructiiKi by biKli-Hrea, owliig to the 
menttockliii; of the newly (cra«Mjd country, rmulted lu 
dense Krowtb of thla timber apiwnrlug over large arenx. 

growth wan urxiuo^tloiiaMy from U'-miniit ntn*l. 
but whether »r iu.t a further auimly "(ill ivmahiH, to 
spring Into life within protected limits, espwlence mid 
trial can only show. 

KjLTt'BAI. AfTOUtfTATFON. 

Ill the more open rauntry. If atrlpa of land from 5 
lo lu, and even if), chaim In width, and at dlntancen 
fiNitn 4 to 6 rulle- ajurt, In parallel Hi**, were fen<"l 
niul wlre-uHted as a pritCectlno fr»iiu sfocfc ami ral^- 
btU. It l* highly pmhuble that the arena so wt apart 
would resume tlie Indlgefnms plant-growth nntlve to 
(be locullttoc, and Itecome uneful aa wind-lireaks and 
a* u check lo tbe movement of Hull, m prejudicial to 
lundurage and prolltahle ot^opatbw. Large hmh In 
tMb dUbdoto. hate become wlnd-awept owing to the 
nhaencfi of native *hrubn. nuch as the salt and >^At<>n 
hush, which at one time protected the surface svill, and 
this haa rtwnlted In a serious dtmlnntion of graalng 
caiwcity and a low* to tbe pastoral Industry. 

Tbe ikmudatloii of native plant-lUe Is also due to tbe 
ImiM-ovldeiKv of ovcr-ttockJiig, tbe deatrurtlon by mln 
bitM, the tramHiiij; and lixAecliig of the noil by ntoek, 
the tii*dtliuf lntloer>ca«4 of rain ujH»ii Its nolutile i-on- 
j.tltuc]its, aiui tbe prevalence of high. dry. and hentnd 
wimbi. which remove the lighter taiitlcles In vbibmt 
dust storm* without check or hindrance. It haa been 
Swerved, however, that at) Uie smallcat obntnrie olTered 
lo the drifting of noil over cotupnet and Huwarfli clay 
Mirfacm will have a local effect in arresting tbe move- 
inent, s>> It may he Inferred that harrier* or screen* 
erected at suitable Intervals, recta cignlarty to the direr, 
tlun of prevailing winds, may have the generul effort 
desired. 

The prevalltiig wenterly and nort h westerly wind? of 
summer woukl iienult of north Hud tnmtb linen being 
adopted ah the trend of xueb bnrrtem. Krlxtlng netted 



etw. and at much saving of tabor and cost, Al»oornt*]y 
ntralght or nnbroken llnca wonhl not be Imperative. 
Overlapping lines although at considerable distances 
apart, where existing fences were not conveniently 
placed— would still present a front tn (be wind with 
Uie 4,-iitM! groeral effect as nil unbroken line. Tlivn a 
nerlcn i>f nrmrt. or comparatively nhort, iMirrb-m ornild 
In- eMcrwMI li> a prranx t|lrv.tl^ for IniHlnih? dla- 
Uncea. 

In tlie wi^tcrn dl«4rlrts of Victoria the nfs»n plains tn 
the neighborhood of Mount Ktephnnt, (Jnlla. (lallalabad. 



Ing the winter nuintbm and atock anffer proportionately ; 
but. wine Ui their generatlua. many of the pastoralteto 
planteil nlrlps of blue gum actxrw the o|n*n country rect- 
atiuntarl.v !.• ihi- |>r.-^illli-x MiniU whlrh have devid- 



and now afford both shelter for stock and Umber for 
dumcstle use 

In the mi>ct* nfH'ii 4<oiintry the natural gnnrth conld 
In! nupplfn>t'iit«««l by I be planting rind sowing of km hue 
In-rltH nhruU ntillahle h- the r-lliihat* ami «<•!!, The 
Aiud-tHKrne mill w«mld make a valuable seed-lied within 
aiwl nsalntd thcNc harriers, ami various hindn of Aftlt- 
luedi nmhl nmdlly 1k> estJiblbihrd. Although the iMan- 
latlntts wit Ida would be efficiently protected from 
stork ami rabbits by wire-netting, hedgfw of saltbush 
will extend their ahoots through a fence aunVieiktly to 
afford a in eg* amount of valuable food for 
out injury to tho parene stsaas; and It b 
to siipposo that, when duly established, these 
plfa-t would permuuentty and cfflcicsitly 
carrying capacity of this ciaaa of country. 

rrrcrr or RARanaa. 
The effect of theae harrier* would be to #<a> the prog- 
of shifting anUs. to break and cool prevailing 
to modify the rigor of winter, and to 
r suiek. In addition to this. It might he 



tclt-1 arras would result In a setting of the law) ..u 
idtbrr Hide «f IIm'Iu. 

Within tin- closer ciainrry the natural gnmth of Hm- 
locality Hbuiitil given eiio/orngrmejit to rrawort li»cir 
Uinaigh th.- protect Uui nffonknl by thi>#c l^rrl.-tit 
or windscreen*-; and If n*«-cM»<ary the ptugar-guin, II r. 
nllky oak. ami other quirk growing |JhMh «f u hardy 
nature could be plautnl where Uie mnlutcnance of >"im« 
plant-life would not involve too great an eJcpciidlturc. 
In tbe pine country the young timber slmoid be rtultlly 
prvnervetl ami cmxiurageil to gnrw within tbe barrb n* 



rt^iK ^buAild la- prewrved. ^ptvlally on tbu*e runulUK 
imrih ami nnutb. and where pmctb-nlde the lurricrs 
might be en<ct««l iir]Jnliiln>; ih*-ai. mi mm to i>rTer addi- 
tional width In tbe xcrrrn* niul to a-*-l>t as tire hd-ak^. 

deull Iji ouiinHtkm with nuch a scheme w<mkl nut pr.- 
sent Inxurviiotiiitabk' dllBciiUJtw. 

.\» n work of supreme iiatbinal lui|H»rtmice. the «*i*v. 
erument wooUl doiihlls*o> in* |ie«>iKirv«| pi ineel the «-«»*t 
td so reasoimWn an limtertaklng , Mil. In hikIi a prup»wl- 
iIimi as presentcit here. ev«iry ru4imlM>r tif the |M>tornl 
Mint agriculturtil «*ommiuiHy should be preiairnd tit JdIu 
hi Mipport of It. It will be ween that if ejrh landholder 
l» made n.*«poie*[ble for that portion of the work which 
tMtchea his own eat ate be will nee that It la fa 1 1 It Cully 
done and properly maintained, t>»th In his own Interest 
and for the national l^nellt 

Although the (*r«wn Mint* Acts provblc Ibnl 11m- 
tlmlN-r on cerUilu clasfH« of htibllngn nhatl 
to Uie extent of one -dxteenth, the rule U i 
lu Uie breach than tlie observance. 

If t 

s/k» of all holdings taken up under the Crown Mud* 
Act* — to a depth pr<i|N>rt1itfiate to their n«<|H.rtlvc artwn 
should lie left 1n a green fttatr* wherever prai-tbuhle, 
several henelU'lal nvults would aecnie. Itttat rtidlntloii 
from Uie cultivated areas would abate, living, and land- 
ing nereeiis wc/nhl be prrncntcd to the hen ted and drying 
wlinln (if Mummer, rapid evii|>onttloii would be chcckinl, 
uncftiil blnla would remain, ami exlmlatkm from forest 
growth would, (o a certain extent, rimtlnue, TlntiH*r 
fur doiuesUe ■*»•-. flr*iw.*«l. *t«\ bullillng inatertnl, would 
be avalUble. ami tbe general comfort of settle tK ii|«>ri 

belmninxL In I 
taitca above mentioned, tbwe barrlere and fringes of 




A-t the whole of thn Inuulry Into this vllnl nitolli.n 
Is dlrecteil to the comfort, well lielng, and pror<fs>rlty of 
man. and of a naUon yet In lb* Infancy, It may n<«t l*e 
out of place lo refer to a nneMlUm which dues nig Mp- 
|M*nr to hate been n-riuUHly cunKldercd by hMftrlnu* ; 
-Am to how far the iteratdencc and emdhwtliwi of Um> 
ancient nations of Ui* world are attributable t.i tlu- 
denudation of Uaober?~ It to certainly cnniectnral, but 
In studying the general laws which govern cause ami 
effect It may be Inferred that where, through tbe Im- 
providence of a people, foreain disappear, humidity ln»- 
comtw lost, fertllHy vanbthew, m-1 Hlmatlc emwMtkwiH 
are no altered *m to ronult lu IwrreuneMH tmd alatnliile 
poverty of life sustaining elemeut*, man, deprived «<f 
niistenniicc, dUapin^ars with the vegetatlnti be has de- 
stroyed. The Kandy wantrs of Am bin. Assyria, Kuliy 





Fash ran and gunk'uem wjcneUmen amik neoda In 
various. Milne *oluUu<y», or fumigate ibem with certain 
ra pors, in order to preserve t he *ee«ta and i *rt »- 
t»ct them from in sort*. ThU proct-w shimld m»r Im* 
n|»plled lgnomntly, for, while some chemical ngcnt»* nc 
rrlcratn the germlnntUm of seeds, irfhera 
even prevent lb The neutral milts of i 
province very remarkable effecbt on sccdn. A V| |ht cent 
solution of t*"lat»lum chbirlde prcvt*n«M 
mid a 1/10 ~jlMt4on of an 1 
name rcaiilc 

which la probably due tn a i 
tad the protrid camaitne&ta .rf the 
prtrtuplusin. bi HlrvmcvM lu tbu ultH caf^tum mid 
UUilun, tuitl in«k««( Id thorn of HUbMlana. Uovtn dl|>i^ 
In ih* wlln* hoIu<Ii«h »r* vpry »lrt>tmlj atttcked. 

<»i tl* otbor IuiimI jtornlnittnn b »r, 
■mull doom at Urn Mlj*nt« of < 
NUl>Mliim. Tbn struicth «f tlMi mlution sliiiuld oat rx- 
crrd 1/100 per cnt for anliim. 1/30 prr <nt fur mil- 
ium, or 1/5 per fecit fvr mhlilhun salpbate. 

Carboa blmilphlile, |.4*iKiuia Wrtm«untr. 
nuMlin»tf. i«M»r »iilpliiito aod anlllw. In i 



— Frvm La .V«(»rr. 
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New Hangars for Military Uses 

Portable Structures for Use in the Field 

TlIK i|tirMtkrt) »>r pcm lillntr unliable lmncar« for nit 
- i] - tin* mtfwd hi ii i attention In mlMttiry circle* in 
iiw landing dumiIiIm <'f Kurtit*-. la »»nier to jnicr 

with the »'.r-...( in- -if of .ilr*hl|iH for nun? wWk Wwli 
baneiir* may la* divided Ml Hn> iMMfl dfMfc M «»f 
ihewe being a balkum -*nil of the flxmt and nffflMHMSal 
tv|tp which I* erected ihmv fur all anil la-lone* Ik «*er- 
lain military aeroiiauflr eainlillrdiincnta. I v to I tie 
prc-rfcl II I* tbe pcnihanrnt hiingnr whleh ban r*er*dved 
itif greater whim* of attention on the intrt of ilc*<lgii»-r>< 
a nil ciHiMmctnn*. but nut le*** Importiint I- (In* r>|*- at 
m-ivnlilr fined which Im al*. needed mm pari of tbe unity 
materia: Id order to glie a *niltiitde *bcli»-i for alr*4i»[w 
when carrying out mllllnrj iif*criUlnn* In viirlon* phice** 
where llwv ma> W mt a o*n»ddi rnhle dlrdjinee fnnit iili.v 
of the |*ermHiiriil |*»tM. Tlii' i|w»4lini of n |«i|iaMf 
baiiinir ha*, nlwo la^-n tin- t inject of rewnnh mt I he *urt 
of ro4iHinidi-i>. mid wc llliinlrate ow* *»t the rwnl 
Ideti- of the kind whlrh hn*> Iwn hrotuhl MM !»• MhVi 
thU brine the |t*wm and l»oii»de|ll »>»>i«-w. mid II i» 
worthy »f ni*> for ■•.era l MMHM, Am »**rcral «tf •<nr 
i i ,r i ■ Itu:- -lt.ru . It ban Imi'II tried In Hold wurt. h) the 
iifPMimilh- o*r|« of ihc army. 

The MmM (KllMBI whlrh tniikc U|» tin* nrehe* M* 
lork.il |i*<-tbt>r by twine a binge dump whlrh H t*crn 



Mm- to llw* |i|>w*>nt »)*»Im»ii. TooJlted |M*oJcrllolt> on one 
(ilen- tit Into MIMM on the ..jh ■*»»»• |4i*rc Hkv I In- tw« 
bnlrea nf u hinge, no that when phioti together, .ill 
thnt U needed U In run a |tln thp'tigh the matched 
bote* In «ruVr to or uiit* ibr two |dt*cm Kaeb arch l*> 
made op of it certain ntiml«r of •wet ion* which nit* tbn- 
!- ■ ■ I lom'tht-r. mid ilnrr iin- |vrn ■ -m«* lilnxr J*iIi»Im 
n-»il nt tin* ii. ' i i . |-<liit, Aftrr liN'kltiir MM i . -i ■ > ■ M 
vu< hiivt' |MMi rA ■ MHM 1 mi M to ItlillC 'I ■■ 

ofhiT Ji4»t in ptarr. nikd H In KM miil>' Ut U> I.H-kfd 
a* lM-fnr<> by m*ai» of a |-n. ao ttml fho two aajCtWM 
MV tlirhtly tlxrd tin/rthpr by wati*. of tbo tun Jnlntx. 
To «IImiiv>iiiiiI thr portion*, i In* nnly ofN'mlloa m*«d>pdj I* 
In wiihdmw tin* two locking i > - ru> that 11m* Ju!ril« 
r>*aitll]r fltM a|ian. In HiU un> tin* arch U built «i» 
while It la tying on the crmnwl, ami |* ihfii ready to nt* 
tiuiiuitii] lu nn uiirl-lil |...irii.i. At the pr<,i|*iT iwlriltt 
on the ground the hnnc ntatca nn* laid wbhHb form Ihi' 
foot nf the tirch. Ench plnte enrrte* ptr>>r<riliiK Iucm In 
the Mh»pe of a half hi net*. Thtta* tire mmh* tn nutiih 
wild a llkt* |>nrl on llic nrrh end an an to naiikr ihi* 
Joint. After mm. In-* n |dit thmutch (be bluer im> ibr 
arch la lyltiK on llw gnu-nd. ilto ln-4 I* raiaeU to ibi* 
•H-riehr position hy iodine m.*m.n and |*iitley>». ami wbi*n 
In phin*. the accond >ilnt U tu.-in tmoi*-pUie iiimI nrcb 
mm nmtrhert, and thW b» lltrd hy drlslnc In a pin, mt 
that I he arch la now flxi*d tn ttn> hu-o plate i rrj 
• Ifiir-li Tbe tH*cvnd arch U now tuImh! In the auuir 
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tlogne — one of Ibr largest of tin Kind In cibiteBrf'e. 




Archea in the rournc of erection. The pillars are b«Hl up >*f hinged wee t ton*. 



utiv, ttiitl the Inn :t it- hound bstethrr by fti** brace 
pleee* of •tf.iriirt.il Iron unrk. an will be marlecd. and 
ki> 4ih until Ox* right uuuibat of nrrbn* Iw erect tiL 

Aiioiltrr iMilm In the uvtciulilliig of the hangar need* 
If In- i MU-Iitrrvtl, Ihht Mug the erecting of thr *t nie- 
lli ml Iron polr* or towers u'blcti are required In onlcr 
to draw up Ibr urcbes by uietiiiH of ■ :<i. - It ><.< ■ Imtii 
a problem to »W up mn-b lower-. In the |m>|*T wn.v lit 
Hi h| work. a*t iIm'.v iiii»-t have n oiiiMutrrahle height In 
order 1<i nerve fur bundling the archea ami tit (tie tuine 
Hint* imiMi t«- very *tr. i|* In vfc« of the gieut weight 



• •r tin' arch. Tin- Italian cuti>itrurior> make uw of llir 
hinge Joint i-ri ji» l|-if lii * irry good way fur mount hut 
tin* tnwrr*. lu tbr flr>( jalacr. n abort wtnictnral Iruu 
pt*h* Is h xcd ihi (he grtiuiul mam tin* l«w< phite ao a» t« 
ftirnt Ibr lower ami center purt of (he lowed Ii carrle* 
a ael of piiltfvu at tbr lop fur ■•»*■ lit niMn* iht* re*t 
»if Hit* tower In place. Tli*- Uti-r pbtir U trlntignltir. ami 
tr Mich end ftf r tit* trliins.lt' ii brum of tlu* lower Im Axed 
liy imwioi i*f a hinge Joint. TliU Itcitiu U In reality 
di-uMr, having ii bin*- placed lit llic middle upon 11* 
bright, but birth aortluu* tit tin brum uiu lie ou the 



griKiml owing lo Ibr hlngrV .Ml three lnwmi route 
together at llic outer or lop mil* anil an- hlnu*»d l" n 
single tup {Nilr or tn|i The wlwilr mn U* n>M>ail4Mt 
nhb Ibr iwrt|it4i*i l.vlme imi tbe xrtiiiml with tin- rsrrp- 
ilixi nf Iht- top tup, wbk*ti Utw di-vrn ovi>r tilt* middle 
piuC Wbi'U tbr hlnp' Jolntu un> ti>M'iuliUy|. thr wbtilr 
U drnwti U> uu uprtxbt jHHiltiiiu by ro|H*n himI pull**?*, 
und lu thlft iMwItlmi thr sntiDtl iulutn twtwvro th« 
vnrlouH plrcva all nuur tc«rlbrr so an to be li»ckr*l In 
phicr b; pint, Hihm niakUitf h ihrt-r *|ilH tnurr wltb li- 
mp-pl**tf, mill th*« wli«il»* r»(U-4r*ac(bm In wry *M>lltt 

<bi ill»<tiiituutliiic thr town, tbit nun clliuh t» tbr top 
mid draw tint odo of tht> blunn? plos nt rncb Incklne 
ImiUii. Irutiux o»u Jolnr wblrb ncU an a hinffc u beforr. 
Tbc lowrr In then IowctimL aa u whofo. In I be tume v*a> 
at It nm rultNrxl. All llietw o|ieratloii!i mil be nirrfed 
out III a sliitrt (line. Whetj (he Ant twu nn-be* l»ate 
bM ralttrd and Ihi«iw1 itqerllwr, (In? timrr In no longer 
ntM-iulnl, fi»r tbr iirrli >4nieture rnn imw lukr Um ptnro 
m* an to earry tbr rofir* for ralHlnK tbr «itlw r nrclww of 
thr hangar. 

A new fabric in tjmmI fur Ibr oiverliiu niiilrrinl. mm 
prlMlnc u roeliilllu*d cMb which haa crrnt artretitftli and 
Ik ii)m> wnitbrr-|MriM>f It himit" tftMM tit etirb ewl Qi 
thr bmiatar iim ii diMiblr enrlaln ubleb ran u drawn 
«|«rt nt ibr mUIi'm. Tbr dluircmliifiM «f tbr nrw mllllar> 
hnnjear «f thr prr>*tii »ijkiMlurd type nn» -TO frrt Wnii^b 
by width und Hi belfbL A rrry ifotitl n|irrd lit 
ui< mutt m: la UfMurrd, am) all earn tie put tunrilirr within 
twu diiya. When trata«{Hirtatk«ii by railroad la HMNajh 
Ktir>. Ibr fubled toelal ntirk. ulib the em-riitu; und nil 
utttbil partH, rati la- i*urrkt*il uu u Iniln of (wniiy 
run*. 

An rxiiiupte of rm t.t n>iiHlriu1li*u an rexanU ibr 
otber cbtaa of hniuoirs. that In thr jirrniiiiircit ItnlltHHii 
•dieiK la •diirnn In the type wblrb bn* been riveted at 
CrtOgM *•> Qk liplmin Ml Mill H mnrblur lirrn In 
order to hon>*e thr /p|i|adlii alrdiliai. Thla luiniar \* 
noteworthy an hrliue one of thr lunce«t of the nllltary 
lailtnofi fwhmW yet t» bt» ererted, <)iim of the |ntlni" 
wtiirh iHH'iiplr>1 Mm* de«linier's ntlrntbni wan the opera! 
Iiik <>f the large don Mr tUvir* at thr end of the liunxar. 
In M|t|te of the creat alar of tlintr iIihmtk a Miltiitilr 
iMrtlMal of elet'lric niofor drive niulilm tln>an to br 
thpeiied In four or five mlmilri Tbc total Irnxth of thr 
prrw'iit haiunir U **rfy m*arl,v *•« feel, Ita wWth IVK 
Ita hrlirht trj. Thr ibnihlr di-ora are 82 frrt high, am! 
eucti dour la J I feet wide. 



Power and Balance of Big Aircraft 

That the lunrc acrnpluiie of thr future will be driven 
by two eiifflur* or more aecuvf certain. i«H caily frotu 
(be pajfjaa] nf view irtf ln< ■■■■■■■ I rcllulilllty, but frvun nan- 
».|ileratloa« of uu rfittltwribg character. The difficulty 
nt roormtrnliiiie (In* euortin-iia weight of a power plant 
drielu|iluc, ■**> . ."f(M> borne |«iwer 111 a fclngle apti< Wlth- 
iiut subjcctltiir Ibr iniietiliir'x xtrihtnrr to excea*lvo and 
danuermi" -lifn-.-. inu>t tie (ibvlrwni enough, howwer 
dctiirabk' Ihlx uriuu^ruwut might be Lu wt fur oa fljlag 



rlHrlrnry nnd brhnvtor of the aeroplane In the air are 
<*nnecrnrd. For stnietnrnl reaaiax, therefore, the nioxt 
Important maaara of tbc narliln« would have to lie dla- 
trlbiitrd, n pria*e-M which wmiM Involve an hiereaae lu 
the Interal uionietit of Inertia, which la inn without Ita 
dlHiidvanlagrH. for while an arfirtjilan* |Mm*#«*lng coo- 
alaVlttMfl bilerul litrrtla I- not ao prooa to naaitmr nn 
utiMtable |*uftllloii aa the rrault of a gu**. It would 
elenrtjr n*rovi>r Ita balance, owe tbla bnd liccti Imt. 
mora alowljr and with | mUr diuiculty. In this rnayMti 



fortunately, an IncreiiHe lu tbc absci of arro|klanrs btia 
lH>nrfleial rt«ailtM, fur all tbetw largi* urrDfilaiw-x tire 
Atatde In the naimt nt»trworthy manner. Tbl» Ik pr.J. 
ably due to the fart that wind gimta are nearly alwn.vx 
•trlrtljr local ami of *-uuili extent, **i that while a cn-i 
*irlklng our wing of an •eroptiitie of -w>ml> »pun might 
tend to upaet It to a lutngernua ilegr**e, n tuarhlne nf 
huge d1o*ieik«liMfl« would only be allglitly affr« letl, ami 
would probably nail majrwtically through guita ami ed- 
ilietJ la uiidbiturbed balajice— t/uity TeUffntpK London. 
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The Relation of Light to the Proof of Documents" 

Pro|xT Illumination of Courts Nm-ssary to Insure Justice 
Hy Alhert S. Osl.orn 



t of no aoMciation that Inure a wiinc which 
i a temptation to the manufacture of figure* 
of *(>r«cb aa »n Illuminating Engineering Sovtely. The 
limn* at once aufjenta In* <Urk place* that need your 
Every denartmcnt of human activity doc* 

want everywhere and all the time U. more light. 

Ughl i» an Important factor Id IlK' proof uf docu- 
ments ami light engineers am promote Justl.v by muk- 
IllK H easier to prove IDC fllcln regarding disputed docu- 

ll.al nrTocU the uuftllty of human vWw Is of vital 1m 
Imrtaiice In all forgery Invwrtlratioun. Justice lift* been 
itrfivted many tlutm bncauac ci«.rl-roo«l» like cathe- 
drals have been lighted with a dim light somewhat ia 
harmony with some nf the hampering okl legal prece- 
dents. l"»rtly because of |«cr Illumination, Judges and 
Jurors In many Instance* have not novo able to sec pro]i- 
crly. where the caw uniwrnled chictly upon visible evi- 
dence. Thin partial blindness Id the pant lias been dm 
Lu some degree to an ancient legal procedure Ut.it threw 
a twilight gloom around legal Investigations, weaving 
such a network ..f restriction, about them n» made It 
difficult lo unite a physical fact. Wrong*, to sny, nbjcc 
Hum an- atlll mails to the use of lb* microscope, to 
pbologrnidin. uud aids of every klial. and Ihcsc objcc- 
ILhik even In these daya, are no* and then sustains! 
All Hies* old iwtricllona have l*i-n Inteiialtied by iwor 
llichtlnir and Improper physical surroundings an well a> 
hy Individual but 11ra1.11wl.11w ilcl>rlcr»clos In seeing abil- 
ity, for there Is, In fact, a form blindness aklu lo color 
hHndncsa. 

When the lieeesolty arisen for proving R 
n».ncure p)i>»l.-al fart liy visible evidence, thin 
■lucethnji of human vision, with lb» dof«*la aod limita- 
tions, In-oomiw a qucatioo of vllal Interest lu the Unit 
Idaer, It la Important to reilllai' that aorloic ability In 
not ny any meana the miiiio with nil observer*. It In an 
oucouraicrmeat to Improve our neiuie of nltflit lo roallr^ 
that only pa" our nklll »»m by Nature and tluit 
rnurh «tunm rr.« »tndy aud raperiemv 

II l« al»o helpful to runalder Just Iwiw It l» thnt we 
artnall) »ee «bat we think we are. We all know that 
nlirn we hear anunda «e iK'rform a iii.-utul operation 



tiary combbinllouo of wiiihIn for lliatanri!, we eel an 
KnKllnh word which conveyn an Wen, or from another 
combination a rconnan word, and front atUI another 
eotniiliiatlon we Infer that o mnn U walking or a home 
la ruiuilnx When we aee thllix*. howeirr. we are lu- 
cllneil lo aiowiBMi thnt we are receltlilK iliroctl} In the 
hralo po-ltlre luformatlon Inali-ad of ii^rtaln annaa liana 
whlc*. we mnat mentally Inlerpret Jilnt n» wo have Inter 
l>re|jal tbe aonmla. 

In much tcrciiler iU*uni', tlH'rer<tre, than we are In 
rllnrd to admit. It I* no douM Irilc thnt we ri'llHy nee 
but little more Hum we lire able t" coiuiMire wltli ~*nc 
e X |«Tlener or Hlniulaid that we already bine In the 
brain. The Kinase dnen ix»t nwlly -re n xlirtio eurlne, 
or a wateb, or a itty. and In ninjoe dellTee we «ro all In 
the aaraim claaa. The thor>wi<lnu~» or thla mental com 
ill the final aeeuni. j of klllit de|ienili upon 
> the forw nnd cKwmeioi of the aenulllon that 
nwcbea the hralu aiMl tbe ex|ierlencc which the bniln 
already |«»«e»Hc*. The neeeiodty for weeln): clearly, 
therefore. In IImii we may lnler|>ret uecurately 

Thin wluile i|ii»-*tlon of hnmnn vlnion and tlie abU 
Hint |»-ifeet anil Intensify It. In iwturallj rt lnlen 

to Hi*, iiiMwtlun of (Uncovering ftrfwry ami the uniueroiu 
oiliir |>li>-lcil tvuidlllonn Hull lauiy |»unl 10 trawl of 
larboin kinds In eoiMHn-lloll with ills|oltinl d>n-unii'nl*. 
ii im] In i>l mi a^'iiil liu|«u'Uiiec lu ci-iiacttin Willi live 
>leiwltig «• imI |ir*ollu; "f thene fnet* In u ei'tirt I;»w . 
..flell aictlont preJIKhm-. mill n-ouilly Willi iiullnlli.nl 

i, who uiu^t he liuile to m-e auxl UMloratUMl. It In 

tlun fote «wentlal that aenne ImpreHKluoa of all klwla 
1«. clarllbnl mid lnlin«in>nl lo ewry way p.»i»ll.t.'. and 
the arrangement, dlnirllniitun, mol manngeinrnt of light 
ha« n mimt ImiN.rUlbt lu-nrlnx oo tbe tnhject- 

I oiler tile old legal jiraetliv. now happily, hnt nil tin. 
nlowly. twinning nway, ei|»rt ti^-lliuouy regarding for- 
gery ll nd ikn'onieDta. Involving an It doe* many 1in.il- 
ui.wl Inteivretatlnoa of vlnlhle evidence, wil^ luullily tbe 
giving of bure oral opinloon oo a inuiliwi.n) .|oenl|..n ll. 
nnirta of Inw. Thin nrniibv. much crlllft-ml mid dU- 

rf.nlltMl. nlilt continue* ill <n>rl:lln ra'n telutll.g t.. Ill 
>illiliy acxl notne utlier aubjeeln Mini it i.liio.ij iimu. 



no matter how usnlntml. l.n noaMe to |m*n U|n>n intelli 
geolly. A new practice, however. Ikan develo|n.nl In lll<»*t 
Jurlndlctintin In iv.ninn-ti'.li wilh proof of pliynlcal fndn 
relllting to ikn-ilincnln. b) whldi referin... jiulge, and Jury 
are actually nlu.wn ihe lianU for whatever opinion In 
given, ao tbut with Hie anelntano. ..r reanon giving testi- 
mony, now admitted In nlui.ni! all coortn, and with the 
aid of lostmmenta, and enlargni, iiroperty gTunpcd 
ph.rfographlc UluntrntionR, they can finally reach their 
own conclraJoun ri'giirding tbe illntmted fact. Ti^tluKiny 
In not nlmply oral, an lu tbe launl. out vlnlble n> welL 

With the new ami enllghten.nl pruceilure ami a court- 
room where amMl.g and hearing In boHniMe, innnen-un 
nurprbdng venllctn In eaniw of thl» obrnn liave Inmn ren- 
dered. Three recent Xew York cuum are corwjilciloiia 
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of Ibcm of Irreiiriuichnble character, leatltked to the 
execution of a will and a Jury iloddcl 11. wan not gen- 
uine . In the aooond, nil wSidow-i tcntinLnJ that they 
ww a certain contract signed nnd u Jury dei'idinl the 
d.ieuineut won a forgery; mid In the third, u Jury' con- 
vtded a dlntloguinbinl tneuitfr »u* the Imr of forgery of 
only two »hort woriln In typewriting tliul. by ci.m|arl- 
iMiei, were ahown to lie written on til- ..wn l>|«.wriler. 

It will rendlty ii|n;mir ibut thin change of iirncllce 
reganling riniliVt* evlilenci' nuiken Doin^iMary niich an 
illuminatluu of m.urt rw.mn in trlnt chomhem an mnken 
It l«.««lble lo nee with the utroont <linlltictue«. To the 
ei.d iherefor,. that tlniltle evl.lem-e In case* of thin china, 
anil In all kind* of may be preeeuteil with tbe 

iilmont clearitenn and r.w. It In hlghl) iin|nirtaut thnt 
an lllumliiatlug engineer lie e.'tmiilfinl In regard to (he 
mid lighting of every court room, 
Another reaaon why court nminn nliould In. pr..|n-rly 
Artwhgml titi.1 Hghl.nl 1* to cutibh* Judge aul Jury to wn» 
uitlu^otfn. with thn* utmost dintinctncK* un testimony In 
tn-lng given an well an to hour them. That thin result 
may be attained. It In iieeenmiry lltat wlttimn box. Jury 
In.x, and Judge's heuiii tie iirrjing.nl in f.n.|n.H- reltiltolin 
to each other and near togenher. rorluiMtely, there in 
lu all of un ii kind of loMlni't, enforvvnt by couH.-i.iiin 
ami iihcoitntf.om tminlrig, by which we Judge uhetlier 
«.r io.| tliooe wh.» ntnmk to un ure lelllug the triilh. Thin 
Important fucult? in detmudcnl upirti lioth the m.iwm of 
sight ami hearing We rccogninc nt mice nil Innlrjcero 
lone: eren ibign ami .•ftlldr.-li Judge un In au occult and 
unknown manner. By the One of the eye. us well us the 
i-ar, we uoconsctounly Interpret all ne.noaigeii that come 
lo un aa exaggerated, true or fnlne. That undent re 
.luireiuent of the law that -Ihe necvined must be coo 

fronted by tbe wituesn ilglllnnt him" win. loubt lu 

■n.iue mt4niire tnineil uin.n th In Important foculty by 
wlih-h triilh In Ht-iMiniltnl from fitt^'hrnnl. ,\ ulimntn 
nbolllil Im> (.liieml el.»e to :iinl neiirl). If le.t .|iille, fac- 
ing the Jury or Hie Jtulge uIm. in to iled.le n|n.n ilie 
Irulh or fnlntty of his ttr.rliii..ov, nml Hie r»*.iu shmikl 
In- ~. Ilght.ni that bin ultlioit... HH«r,r»mn'. ami every 
oh.-v.glng exi.teonlivn In <ll*1li.rl ly „n<u. IV* of us luvc 
eier uliatyxi'd Ho' i'v blen.-es of .vjixvrlly atid of uulnitli- 
fulnena im nhown bv henrliig mid sight, but we nut 
underntatnl Ik.w. at b unt I., aotno extent, ll ran bo done 

A visit 10 many • m«rt room 1 
nurh n r.nnai Khouhl i.m In. iirnlnginl and should not 
JlgbtmL Artistic anil am-hlleeluntl c.Hinlderati.nriH. In 
mil ny cuntn^ would acorn to I*, the only unes ttutt had 
leeti mutnultod In the nrningeuieni In many a Hly nf 
i^ir lnwl. of all plains. Ihe court room In tin- one pliun. 
when, il in nrmt dilTkcult to hear and the iil-i dillicalt 
t.. see, ami tbe lldmllllatratlon of Hie Law <t.iild In- 
gmilly nl.lcil by Hie lighting engliunr. the Ml d i In I Ins 
Cllgitlinr. II lid III.- neinlntbc ll.gtll.nT. Trillin should In' 
held ulvore every Word Mn.k.'.i con In- beurd .9l.«tlin-ll.v, 
ami whciv- every l»bnv of vUlble rli.lellcc am be clearly 
>.cii f.^ ei.vcllv what It lv 

Th»-re me ninny n»urt nooiu* so dimly llglit.nl ami no 
liuproinrly arr.u.g.nl thnt It Is almonl lm|n.».ible In 
them to prove f.-TkW) wln-n such l>rimf inn-t In* Ui-ed 
upon the comn t li.l. r|.relilllon of dcltcnlr but lilutilv 
nlgillfxwot risible evMeixv, In «.uw few c,is,» court 
and Jury leave their ncc.i«loln,nl phoe, and In nu Infor- 
mal mid sensible uiiiuii.'r garher iiround some low- 
plii-nl, ,-|,., u wln.low where all mil nee and all can 
bear 

Hi m.|imnl|..|i with the proof of ninny diSereiit nil.-. 
Ib.ni* relating l.> .|ln|vilte.l il.n-iim.-nti., <-..rnn-t iiikI a.le 
■ linile llliimliiiitli.il l« :it«.Huli-ly ,->>,-i,t|.i| if ||,o finis 
IIP- 1.. In- prolinl. Mini eihleixc in s.in.el Iuri baseil 
enllrely llts.ll tb- ll.ler|»etlllloli of IndUtlrn-t Plains, or 



>|.lml. all become u dull and liidlnliiict gray. Ill cane* 
Involviiig cbemlcHl ernnure". III which certain Imlinliiict 
fellow Maiim are of the utmost nlgidftcanee. nllch evl 
.In-nee In practically lioinlble under tbe yellow. Hlcker 
lug nnltlclal light or 111* dim dAyllght of the average 
lu many ciurt rooms, the effective use of a 



In many canes Involving thn lilcntincatlnti of |ni|H k r, 
where sheets have tn-cn ilitcrpolatinl In ilbirnltcu 1 d.n_'u- 
melits. Hie cuse could lie peolllvcly l^ovell oat In Hie 



ft.nl by Hie kid lloninllc pro|*rtlen, llijunlke mny tri- 
umph or Ihe guilty tuny escape. Many n city In this 
laod tins. s|»nt mUlton* of dollara on a court -honinc with- 
out .xi pro|>crl.v llghtml nnd well arranged court r.nnui 



Ittrkncss aul evil have nlwnya been associated and atlll 
are iisaociatcd In many a court room. Tlur modern Jaws 
of mime ntatea happily re«|ulre a certain amount of rrnri 
elly placed light In every acbool houv. but such |K~»>. 
It «-m. have liol yet been applied lo Hie jiw 

hoiison. 



Ughl is aluo a groat aid lo Junlkr I 
live snhjint of |.luil,.griip*y »* now a|i|illed lo trw Invim 
tlgilli'.u and proof of dlnputed iWltineafH. To the taiotl- 
em exumlner of dbwintinl handwriting and dm-uitte. . 
the ]nV.toicniplik' camera bears a relation to the bllnl- 

relation .af light to thin iiiwwtliio of photography la aa 
close as the etymology of the word tbwlf suggests. It 
writes out In a unlienoil language ita uiimbsutkahle 
luterpretatloD of ninny thltiun, Bluny dlspnteil docu- 
ment ensesi are hastily nettlcl an mnin un tliey are prtus 
erlj Illuminated by the |Ji.*.nriiplilc mneni. 

Tbe camera assists us to »n> certain things whx o. 
wltliout Ha nld, are too amall for it* to recognise In 
their true nlgtilfiirance ami force. It In one of flic nal 
ural l«it err.iiien.iin buuutn assumptions rhar we nee all 
that exlflta before an: but we kn.nv that this Is n.n? Irwe, 
mid thus arises the lieooenlty. in conucetlnn with iimny 
<|inn<t|oii,. of properly enlarging the tbing to be ntuvrved. 
Mnny forgv-rlini lire iwrfeelly apl^n-nt when enlargrd a 
few illiimelerv. 'I*be photograph also makes It pnsslliAe 
lo out aimrt, group, nnd arrange Ihe (arts <>i a diainilcd 



As In well known, tbe whole photographic art Is based 
upon the nrrnngemcat and control of right, and certain 
hidden facts In a forgery - can be clearly shown In a 
photograph hy certain npedal arninxerocnta of tight. In 
a laboriously porfocti.1 forger) In which the lines have 
l«ecti Carefully retouched and overwritten so lllAl under 
ordinary vision the resnlt seoann lo be perfect, ti trwn*- 
mltli'd light |.lii.t.icniph nniler t.rofnT enlargement Is 
often siiltlclciit lo prove the frniwl. II v thin imii nn the 
varying tlilckinnsnen ..f the ink fllin lim-ir are mnmniinnl 
by nommirllig Its al.lllly lo transmit light. If a line in 

r.to„,.h„i skillfully w, ihul Ihe mlges an I IsTokeu or 

.lWurlnnl. sncb addition, .in.br or.|in«ry vision may la' 
liolnlbl" even under mngiilllcatl.>ii, but a tranMiiltl.nl 
light photograph of such a stroke, enlarged from four 
to ten diameters, will show In permanent form with Ihe 

In making a 

pb.Kogrsph of thin character the d.nument in lighted 
partly from tbn fr.*it. but with thn ntroiurswt light from 
the hack, so thai tin. light which makes most of the 
Hi.Hograph In actually tnilintnltled through the paper 



The lrai.nmlll.nl light |.hotiarni|4i In often more- •■Ifiv 
live l l.n i, Hie ml>ne«v,|». i„ H |„,„ retouching, but for 
preliminary lim-Hntbins of ihl« kind, nnd >u, for 
illreel itcln.ninlrAli.mi lu m.urt. the following special ii|h 
tilhnlliai of light 1» „r great aid. A mb-r.«sin>r«- IjiI.I.- 
wllti n glaw. lop having a strong Ughl chmc unikenicall. 
t- |>r.>il.l.n|. This c.nibltoitb^ 1« very li-ful. entnx-lllll) 

vb ™> - '"■'"I »n coniwn-tl.Hi with the ntereoseisjile 

nilcn»c.p». An arrangetnent ,.( ibl* KlDrt (ll lhe lading 
banks of the lnii.1, aratlable f..r instant use. would save 
thousands or d..llnm every your, an liy Its aid an cx 
inrlenced ..bser.er. Ill many eu»-.. la literally able to 
-nee through- a forgery. Ity this means light la literally 
thrown ua the subject. 

All.wher condition nrnler which alnrtal lllamlunllon Is 
of groat value Is lu IN. Iiilrrpreiiilbut of wrtaln klndn 
of ernnllien. en|<elully ersnures of |icaii II linen. Tbe din 
l-.nlib.il ..f ili.^inamU of dollar, may .I.|»-imI ujnwi the 
It.l. rt>rrl:ill.,ii „( « f.-n- w..nln or even ii few ftenres am) 
Hie .1.-1. n.ilii.iil,., ..n to whtdber ..r noi i|,k.v have ho.... 
ihuiig.nl. I ilia,, un luk line, an ordinary 
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w> that h certain ft mount of graphite is wore off uaplnyt 
Ibr surface of tilt* paper. If u mark of thla nature Is 
carefully craued ao that Uie coloring mutter U removed, 
It inay become entirely lll«*lble nllhough the deprewdoo 
still remain* but In hu shallow that H h luvbslble even 
under the uilcrosvviH*. If, however, such an erasure Im 
photographed In enlarged form, with a street iltunitnn- 
b rough a narrow hIU ihj uue side with the ru>H of 
light almost parallel with the aarfuce of tbe |tt|»cr, the 
abt>ll.»«tu4 depression, where a word or figure bn* tw 
m effectually erased that It hi totally Invisible under 
any other examination, then produce's a ahadow which, 
In a photograph of till* Klud, sometime* ahow* wltb 
absolute dJalLttetueaa what was originally written. 

Auotber class of caw** under which tbe auction of 
l«<rrWt Illumination I* **t vital huimrtunee U In All Ink 
Investigation*, cither tn determine age. or to dLscorcr 
whethcr two or more Ink writings are Identical «r <llf ■ 
fercat. Some of these ipicstlim* am m> more be mi 
swered under the MlumlimtUin of ci-rtiiln oyurt-rooras 
than they eoald he uirmered Iii the liiclit of tl»e average 
lie laveitlkgalhiiL If cvududwl under 
white Light. Bbowi a reaull thul am 
he Hoen and appreciated by iiuy Intelligent man. It |b 
is»ny to understand hoa* desirable It may bo uuih-r cer- 
tain elreumstaiww* to show tbat writing I" not a* old an 

Hit- irlon in Ink in I tin ho in* 1 or different tt*xn other 



ixirts of the. same docnuarait- Ttus Interpretation miaat 
be based mainly upon the rvcognlUiKi of curtain color*. 
Under suitable condition* nnd proper lighting thli rec- 
ognition Is |s*««lble with the urcruge observer, la many 
court-rooms such fucts cannot he proved. 

A1I ordinary commercial Ink of the present day la a 
chemical solution to which a temporary blue color Is 
added. *t> thut the writing may he legible when II ml 
written. Fredi writ Ira of this kind, as we are all 
aware U of a dlatlDet blue of I 
e.il-.r Kradually dUapfnn as It la t 
by the aerelopnaent of a atrooavr color frotn the chem- 
ical cviiHtllueiiiH of the Ink, until it finally reaclie* a 
block or neutral gray, When awed daring the winter 
mouth*, moih-rn ink. nnder the unual '.ofnUtlWH under 
which wrlllns* nr.- k*-t4, r«in1r.w nini.y i»nnth> to lo«c 
all Its Initial btne color, an that examination* like thene 
di'tarrllw-d, ti> wtiuw llut the Ink la not an old aa It pux- 
l**tta to bt\ nitiy be niailc a long time after the artunl 
dale of Ihe writing. Wills and docameuU re|)TeaeiitlCtg 
huudrvd!i of lliouftands of dollara are brought Into 
cimrta of law i/un-orllng to be many yean of aite, on 
which the Ink e«|..r baa bot yet reached Ua ultlmnte 
dogree <<f hlnckio**©* or IntenKlty, 

lly the- ut«fi of a ap«1nl coMr iuleeo»*»pe with two 
obiectlrex and the f>nvlho«d tlntowotor Rlaaaea It I* 



matrh more than a tboaaand vnrtatlnoib In the color 
tilne alono. If as Ink of Ihln elaaa U aecuncely inntched 
atxl reemdod an tt find appears on a decoment purport- 
ing to be acreral yean of age, and then the tutmn pac- 
tion of Ink Is obacrred under the aame eondttloua a few 
dnya ar weeka afterwards, and Uie Uik baa distinctly 
changed from a blac or distinct purple to a black or a 
much darker color, this fcs posltlre proof that such docu- 
ment la not as old aa it purports to he. Moat pcntoiiH 



recognition and matching of eolura In an Inv.<Htlgati.ui 
of thlM klud In the ordinary court-riMttn, under the o-n 
dltl<ni>4 ordinarily provided, la simply Impowlldr. If 
evldetice »>f thin clnrw 1» to be made uan of. It la nrce* 

while Ught of the proiter InleiwAty. 

Aoother roiwt luterettllng special nppllcatlon of (lllit 
that pronilaeK to awlrtt hi dUpu1e>l rti«cuii*-iit <nw« 
nmkeM u»*e of tb<iHf ^Ihir**' h**w ruy* of the sport™ 0 " 
out t*>or»d the TliPlet, By the uae of a tmltnbln j 
nnd appropriate llluinlniillou It la* noaMbln to 
graph tntally lurlalble Mtnlna rmnUting from a eh. 
erasure, an that the original writing I 
legible. 

Thus wa see the advancement of knowledge In e»er?' 
field su|t|ileroeDb< that la every other held, and light 



Tbe Engineer and the Map of Ibe World* 

Tli r. *«»0 certainty regarding the mmlt of the prveent 
wur la that rho map of the world will he greatly nltcred. 
The ciuinges will concern (be boundary Hum of dlrTer 

> t Y natlortaUtl^, niul will therefore be iioIitleaL Ktco 
although tbe euzln.vr hn* excrel«?t] grvat Influence In 
providing the oaniUrl.-nn of war whbrb hove uo greatly 
aaalHtetl In the accocnpISkhnientM whkeli will Inerltubly 
lend to kiich change*, our |iurp<atf hi writing now nu the 
Kubject la rather to point lo tlie mnterinl nltenitloiis In 
the map of the world mailt log directly fr.*n die work 
of Ibe engineer. Ily liH agency tuml la converted Into 
water nod water into tend. Hirers regiilnriaed and 
.,::epeiiefl. nnd itrllriVU) cimiuIk, afTerl lite exh'itt t» 
nhlch wtiler Im^tcx' traflic enn iH>t«etr*te lido ibe Inlfrtor 
»r c*>mirrieM. ltutlwa>^ r««»d*. and tramway* hare In 
«dlH*r caae* nupee-rded river*. Kaltony*- nnd mails 
are cvumtrtwUd, and t rarer we bridges* nerojw j.trnlta, 
whereby lutantU Itetytine n»tro>IMy part of tbo main 
ItiniL Wiiterwiiy** are eut tbrongb IslbmiiMMi to connect 
oetuina. lly afforotatlim and ib-foresrtatbwi ra*t clmnges 
are also laadc oat the face- of the earth, und tbrouxh 
1lu>*f und other ageu-lea. iulhicttcc U excrle*! vii live 
climatic coiKlilloriN wberri.y tlw land Is made more «r 
lew* fruitful, tbe (••ni|HTHfnri- In-lng affected and Ibe 
(liwi» of kOidMturc In the air altered. The benllb of 
cllwlrM* la. by (be moe media. Imprvwl dlrt^tl), while 
the adrent or ibe engineer lo many port* of tbe wr.rld 
brings In Its frttln the w-leiitlxt, with hla lnve».tlgatl«.n 
urHl work to combat fatal dlneaae*, Htieb km malaria, 
yHlow feter, and tbe like. One has tint lo rcmciolwT 
tbo Improvement In the health enudttlnnA of l^niiilUa 
ii ml ul I'nnuma to realize the Imiocn-M' enuat^uencv- P>1- 
hiring the pre^eriw -if the loicti rlolr^clHf In n-v«M'|;itt^ti 
with I lie engliMHL'r. Mi^iulnini deserts, atid rivers have 
Und their Klgiilfawtier intnimloil l\v the tidtfliice of 
4*ni;lin«Tiiig. >b*u»it»liiH have Im-oh pleteinK riven 
brldgitl, ibtM^rta wnteivd by Irrigating, awl forewlh ro- 
iitHtrotl or plnnt.-d. rnllowlug tren-plnutlng cemoa 
ploughing and harrowing nnd bnrvi*ilng. nnd tb* 
desert Mnwonis like tbe m»e. liiduKtrial eommitultles 
arise to rueet tbe neeils of the agricultural workers, 
and t liese again hritig ntlwnys mid other etiauces. 
Indeed, the practical eierj duy fitd^ „f the inaf> take 
•mi a ww meaniciK. nwlng to Mie advance of ni-b-eu 
Hclenee Th«' term nnlb*a, for liiNtance, bn* u..| tb.- HJiote 
ttlgnltlcniK-e mh u»d*r tlb»- nbb-r fi>rniM of |iwir«.p4»rt. T*t- 
thty dfc»1aiM-»^ uiust l»e m»>3i*>iirfd ratlwT by the time 
litt-i-MOirv to g»-t from |mhit 1-> iwtliit. Agiilii. < veu hik-Ii 
ImIjiiu) <io|>lr>7t a*. ItrliAlit mid .In pun mny H»\r 
lM<lrifl'>fi tf tiiiinet> jire made, and submnrlin- uttd uerliil 
.vhllis Ix-ckioc |ciiiiMt\ f.^r orxlinury cuninn'rxv. 

hi view of tin' war Mn-re h a | t|«rfiit<'ui-H« hi tbe 

**i inir»"*<l It'ti of luck «'f fit'^tllv in tbe wio-l; i»f tbo-* n- 

••(•ciii'l witb the iNdllb^l cb:tigf»"( on tb. ttt;tp of cb« 
Witrld if* eom|*ir«ri «ltb tto* eitijllmioiin »M permanent 
liitliu-me everte«l by the endneer on geognrhy- The 
preHldenrlnl addn*K. delivered to the tb^raplilinl Si«r 
tpin of tbe ltrlttMh A Hilton by Sir Charles IV Lucas, 
K.t'-lC, Kt'.M.O.. alth'iurb i-repanil without any coo- 
ts'idlon of the prevent lnt< nm ||. .n.il crl-K ba^ an ate 
[KKlfeia>Ht which Is tvciilhirl; la, i-n-^ive. nh It iImiK 
with man as n te*»ur«i»tihwl »ifwy It ditilt wbb man * 
w*irk In strrh d**r«rfim m- "t adhlry u* Irrtrnil.-r.. bind 
reHiittialhiri. r.-j ri*>lr bnlblhi^. atTufi^l-'itb^i, 1 1i- Tin- 
duuiiiilnr of I In- XU- :<t A»..iiiiu. making a hil;»- <tr. 



sjuare nilLrs In aren. with its Immense practical. If not 
bIm. |K>litlcal advantam* to the Souduu und Kg}'p4 |llu 
deserts, was refernsl to by Sir Churl en I.ocaa. There 
was also indleated the eorresinoidlng Irriuallou work In 
India, which. In lIMKt, watertsl eoiucthlug like dM.TSO 
wjuarv miles, a larger urea than KngUnd and Wains 
totfriher, Sir William Wilier***'* work now In prog 
re»H mii Ihe Kujthratnt ainl the Tlgria, for Irrigating 
• mlb-K, at mice rb*cw to memory In 
whlU. i/MK) M|unre mlle M of the pbiina 
UMivocn the White and Hlue Nile are to he watered 
nrtltlrUlly for cotton culture by the onus trot- 1 ton of u 
thim, and of a IdOmile cnuul south of Khartoum. In 
Australia, again, great work Is being dow to tbe «nw 
end. Already the works c*.mipMei1 and In pnsw <4 
cotpdnictlon lrrb;iile over 8TO aiiuare mllea In Vbtorta 
nb-ue ; but when- ihe whole water supply of the State L* 
nrillxoiL, more like rt,iMl[i Mpinre miles will be Irrigated. 
The Burroii-Juek aeheme, In New Situth Wales, will 
Irrigate, In the llrat lnMaure, m>t far abort of &*} 
agaare miles, but may eiviituntly be made a ra liable f<u* 
«U time-* tbat ar*sj. In Ihe Algerian Naliara deeerl 
nearly 2J.00O rwiuare miles hair t»**en rvclalUMsl with 
wuler tr**a artesian wells. TIm*w* f«<.ti -rbow what Uan 
been ilon*. and give ouiflih-m**' In in*- l«™lU*f thai hIIII 




ehaiig>« on the face of the earth, lly 
the wind dunes, whereby the moisture of thn aoll la pre- 
semi!, fine cro)wi of durnm wheat. It was further 
IHilnted out by Hlr diaries, are got without a drop of 
nitn from aetsl time lo hunt^st In the Lanuea of Cas- 
ern) Npuire niile« of sandy wu«4e hiive thun been 
planted with tre»«, Tto* in'lueuro* of all niich work» to 
:iK-i«t agriculture In (ml only dlre^-t, hut there Ua great 
Indirect gain ; « cidu*o)ju**iico I- tUf MfttU-meni a |^i>u- 
latlou more or Icm*. ntet4<Jrr. don ant only to tbe win- 
ning of the produce of the land irrigated, hut lo the 
ereatirii of railways and factories for meeting the needs 
of the iH'oplr. In this way. iw the stories of Canada, 
Nouth Africa, and Auntrnltn tivtlfy, tximmuuHlea are 
built tip. atsl new rmtb-JiH a ton- ••tidily In pToHju-rlty, 

The map h*H alxo b4«eu changed liy grt«t re^'rvnirm 
f-.r tbe water *up|dle* or eiih*— Tlilrlmere, Vymwy. 
I>»eh Karrtue. and thoae for Itlrmlngham are ensi'w in 
I ••Int. In tbe last w-ssloii of iVrllnnieiit there was 
ilgonnis opiKJtdtlon to the tlotsding of one of tbe hlslorlc 
illMirlrl- of Scotland further to augment the water sup- 
ply to the City of 4;iu»«w, Alirond there are many 
similar lustiineea, Ibe nnwt recvttt tadug ihe fomiitlloii 
of a gntit dam «<n live MurrunMilgee Ititr-r for New 
Sooth Wales, to uiake a take fi«t> one iulla*4 lung, atid 
Ihe Catsklll lii^*Tvoirs for the supply uf .New York, 
r*T»fitly fully lllnslrated nnd deaeribed la K»<r*nerrmv. 
In his iiddre**. Sir Clmrles Lunm refemsl nl«o lo the 
hith.rl;imv of nalurwt walerwiiys. the Clyde, tile Tjne, 
niul lib./ mm-h xiirniii", on wJu^-h' Uimk^ iti.Te have 
lw*en ervrttod cast rucfortc* lo produce artlclns for 
exia>rt throitch the wuters of su*'h rh 
ends of the earth. 

In the reclamiMiiai of hind the. 
an eunntly great lliflueme on (be map. That tbe eugl- 
ii«*-r Pi Hiicb work 1l*m greatly iifTccted Keogni|>hy la 
prousl b) tin- einmple of l^udon abme, kIuov tbe 
melro|h>lU Is built purity on iikarkhr Ion. I S*une elf.v 



and In the region now occupied by Itelgnre Square 
snipe Mhootlng wa* a ^nirt three o 
ago. The names of the Strand and Fleet I 
carry their significance. Kveu in new i 
ore analogous case.*. Harbors, such as t 
ton. In New Zealand, have beeu partly reclalme>l from 
the aea. Sir Charlea Lotws also referred to tbe work 
done In the IJMyiliiHblre Fen»s where land rational?- 
eatlinaied Iti extent froiu NXt to l.'Jim ^narn mile* bus 
been recovered or l»|»roved. Aiaatlier Instance of recla 
nint Ion at home la to he found on the famous Romoey 
Marsh, In Kent. Abroad oae of tbe moat extensive en sen 
be thai in tbe NetherUtHhi. where there baa been a tvm- 



iMiry ..ir »Vnsbnr) i. With the w.-rb la'tnin In tin- sin- 
nth ceiitur? lhat |>art of lbs- city has I 
lands, llmllco la I 



iwople have steadily worked toward rtTbuuari.aa, and 
even at the ia*»ent time the progrew* nf Ibe scheme for 
draining Ihe Xuyder 7ah> proneu tbe far-sighted pollej- 
of tbo goreraiuent. The scheme 1» to be carried out in 
thirty-three years at a rast of nearly »*>.O0O.0i>X and 
will result In an addition of sipure miles of land to 
tbe kingdom. 7ft> miles of which will t>e fertile, while 
at Uie same time a much -uwW fresh wuler lake, with 
an area of 557 wpiare mlbtt. v»|l| lie formed and will lie 
M by one of Ihe mouttui of live Rhine lletwrvn ihe 
Ella* and Scheldt more than tiuai M|uaro mile* have 
Inen recbilmoil frum river and aea In the past three 
hundred years. 

Touching uimo afforestation. Sir Charles f^tcaa did 
well to point oat, as dhl Mr. ii. It. Marsh fifty years 
before bim. that man has loo hm* forgot lea that thu 
earth was gheli bim for uiufrml alone. r«.t for eon- 
Muni|itlnu. -Jill Jew h-r profligate wa^te- Tbe hweeplng 
away of great foreeK a pntetle^* etvu morn pursike<| 
to-dny llkan ever before, U undoubte<|ly the eating ap 
of nipltal. Aiwrt altogether frian the value of the tint 
Ut. tret^ give shell or agaUist the w iml. store water, 
precrnt Uinmtation. und preserve and cum Ii the soil. It 
Is true tbat LMiierlence In tbe soatb of KraDcc baa 
proved that Uie pasturing of Mbeep Is us great a de- 
Blroyet of for»«ra oh man, tecauae they brtwb the aoll 
nnd e^po**? the mot*, *<> that rnlnstoru»j nnd Itvala 
Mweep away the soil. This may easily ls> remedied, hut 
the cutting away or Ihe Umber without replanting of 
irees is reiirebenslble. It hox been suggested thnt. In 
Tiew of the possible degree of unemployment in this 
country cou*e«|uetjt on the preoeut unsettled slate of 
affairs, the Hrlthh jp>verninent might ullliae the ucea- 
Mmi for carrying Into effect the nfTi.reHtntl.Mi HrlitsaH> 
api<roved by a ns-ent enmiuhadnn of liwiulry. a point tuii 
enforced by Sir Charles Lucas. Thin pnus-ul. It uill 
In* n^iM^mtM-risl. nlniisi at the planting annual ty of 
l.».«*i uenw of suitable land, uad the m<ult mlghl 
l^rnloWy be a valuable wurev «>f n-vcime nlilumlely f.a- 
tlw. gikt-vrnment. It Ik tlnanclit thU w.aial aflnnl tnupn- 
rary rtnpl*<v»iier.t ip m^n out of work und not suhed for 
Itii.' -irmy. while ti-riuaneJitly uiuay un-u iHmbl t*e ulll- 
Ited directly In connection with the forests and Indi- 
rectly with the subsidiary Industries. The comtnlv 
•dotH't-a eslhuuted that tbe ntniual cia*l would bo two 
ear there wonM be an 
opera tbjtia for the next 
fiMrty years. Tlien revenue W4iuld Is? derivabh- Fnnu 
this dale onward the commissioners eailnmioil fbnt ibe 
deficit would steadily decreus*', nnlll In clsbtj yean* 
there would Is-. fn«u P.iiittrtl nm-. „t f..rest then ex 
iHifi.t. a net rctc.oe of n) M .i,t *^7.oi»m«i TIm* si-b«ne 
iIiiih .-tpn-K^l Is ^h*ii»e. Lot tlw Oirur. 
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xlumn by tin- fiicl ilitil the prufiurl Urn to llw iixal arva 
of IIm- .■■■.in.' Is r«.;t [• i cent, ii* ■■[; i-.ii.il 'Mil. 
]tt*r cent la Austria, per cent tit Itrlgliiui. mid 1? 
Iter cent la France. At |*ren-ui. umlcr the uusidcea of 
ftlrmlugham 1 Hl\tT*i(i , mid under the president?' uf 
Sir CHIwr I /«!>:•• till* Midland* Kti.a. r. -I.uk. pi. A»nucla 



Hon Ik pluutlng tbe pit mound* and nab quurrtc* uf thu 
Hunk toimtrj with Ireew which will rcsUt smoke and 
(Hid ulr — alders, willows, (toplars — carrying out their 
work, ii re|*ort mi}*, under a combination uf dlllk-uitlcs 
ihiI ii» Ik- found hi any other wtiiitry. Thus, apart from 
IN- direct pilii in the growth »f timber, the work of 



m fT< -rv«t4it confer* great imllwl advtinUgea, and 
serve* further to prme that from find to last tbe wild 
nn>r to cxercb4ug an Important Influence on the map of 
:lir world, ax well a* upon ill- slgnlfe-am** «>f geograph- 
ical term*, sir ('baric* f,uras )ui« done weil once aaurv 
to direct attention tu thrwi Iiu|h*uiim rouxUlftratlona. 



Explosives* 

The Various Materials Employed and Methods of Using 



As cxpkifitr u a Uidy which, iimli t llu mil ;n ■■ >■' 
heat i.r > hi I., i»r hotb, u. x|>citkir.g popularly, instanta- 
neously rrwilvcd entirely, ur alnwM jo, into gases. 

Prnrtit'nJ explosives aanajaj either of bodies surli an 
nilroglyc* rim< mid hitn»*vHii!txw. which w>' rxploMYc in 
themselves, ur wfcil a jw uf : ■ j 1 . . . t ■ ... which -i --r.L- . !■. 
ore, '*r mar I*', nun-ex pliMove, l»*it when intimately n i . . I 

art- ■ l| M. Ilf ■.. i rr- lIlMlcil 

KxpltMivi-* art' ex pirn led citlwr by simple igTiiiinu. a* in 
the (Mi of Mark gunpowder, or hy n ■ ■ uf a iletouator 
containing mercury ftilmtnate. 

Tin* molecule* uf an • - 1 wave may la* regarded km in a 
■talc of unstable .•hrt-ininil equilibrium. A » table state of 
•qui Murium i* brought about by thu sudden decomposi- 
ti< >n of tlfonginol compounds with the evolution ur beat. 
An cuplusiwn *• rhu« an •■tttn-im-ly r»|ii*l i|«<Tini|HMliliMi. 



Hum. am) they arc MMdHUJF d(>Mirnat<xl "low" c-x- 
plutfivrs. 

**Hirh" i'spUMi>»n Imlicatt! ihi^Mf, buvIi ae (lynninitw 
ami nhntfl of ammonia eiplnwivctt, vhirh d»(onat« and 
hjtvo a givuitf hliAti.-ri.iir Jwt^tn than thi- form nr. 

The >ohimc and rumpmition uf ih# iraa jirifduecH. Loth 
in n'ipM to llu- MjfftT of lb*. i-x;il>i4ivc, and, in tht 1 raau 
of mining rkplntim-*, thn< bualth uf thr minur. a*v uf irmal 
important*!-. Tin s-:- jtump* an- lorni ly d ct*f mined hy tbe 
oriirinal «»rutMwitiuii uf tlx 1 •-xpluwivr. 

Wmb then' it intoinVii tu uxyiem for ouni|4t*t<" oxida- 
tion, the pnuliir-u an- i-arlHin diuxUh-. uarbon mnnoxldp. 
hydrua^rn, wni« r, and nitrutrrn. but thi* rclntivi' proptir- 
tiuna vary with tbo pnswurr drvftopisl. Wben such an 
i-xplofiiv is flml in a rluwwl v«w l under different dert**- 
ti.-- a| nbMffJti rtwl i*. diffrrt-nt i|uantitifti of rxplnwive in 




FIc 1* — Maul at Lord I'enrhyn'a alatv quarriea. 



iwi*ompanird by the ptRMMi tii>n of a l.trr« \olunu> trf ^w* 
iind tb«* ile\r4upnu-nt of mueh bent. 

There are lwi> we||-ih'tit|ed lliwle^ of expluibun wltirh 
ran Ih' ih-i-nUvl a» rnuttiiflHHi and d» totmtioli In llt-e 
funncr r*«r. iIm- ■ s ■ ! ■ • u simply ■ ■ t - : and eom- 
luintKin Ink"** pbwe by trnn»/er*-ni'r uf hn-at from lav«T to 
layer uf ibe VMjImIWi TM rapidity with which thecom- 
btixlioti |in»mii- d«.|N-4nU not uid> un iln> phyr<ien1 form 
of tin 4-vpliativi'. Imt ill mi mi the ;u ■ ■ - i. under whk-lt tln- 
dif>i»tit|imitton take* pttNh When in Ibe form «f flue 
cram- mmhiit'iun pnnwli mueh iixir** quirkly than 
nlu-n the icrtiMM an- litrte, iiml ibe |m>wi!it milker tak«»* 
ailvantaffe of thi« fact in |*ri<|iarirtif poud«« fur rtflt-n and 
|M nrWH <ired |MM (Tun*.. 

I>» tonatiiHi. tin the ■iMff hand, hai h> W icitirted l>y a 
tuiffirii-ntly htnnic imij.mIo-, Mich a* tbe CMJmmI of a 




Fijr- I.— "Mounded" honae. ( otton Tnwdrr Worka. 



rbanee 4tf nuTciiry fulminate; H pt mtv-h murr 

mpidly iucI i-* due to tlw focmii I ton -4 tin exi»lo->»n VMfl 
thiii ha- a irlnrity >if thoiiMiuiil- of rm tor* a m^mh! 

Klaeh i I' ■ unil ■ I explinivea, o« w*-1l a»» llu- 

»ini»leli*« tM»wd>T«. lx-binar *•» lh*> ftr*t ur r«tmbit»iiun 

* l-t»«** a tiMir*«> ••r k^tun-i ih . r* I uf<m (ha Initio it i- <>f 
I'hetuMry »l KIik • I nlliwe. LuMfcai. u> Mr. MUIImii Mw%t>>, 



tbe MOinr VOMMOi t><e VuftlUM and pnmjWiitl>B <'f ihr ira» 
voric* with tbe pn-Mtun tovt li>|>«il ii\ tin i.vplimion. Tin? 
•'urbon dioxide and hydrogen inrrrejiar and Ibe corbun 
ntonxtxwU- mid waler diniim»h a-* the pnwiire iivn-B-w; 
riS-i, ut lueh pri-witn-H, niiHtderalih- aniounl* irf ntrtbanf 
ore furnu-d. In thi* fi-ri-^i-iiu:. it ha* U«-n o>-unM<d that 
rumpMe t \|4uftive dft<umfN>iilion hx« taken plorr. 

Whm a h»tk*h iViAwivii burn*, instead of cxplodrH, ih*- 
-Iwmii-Hl Hianarr* lire nut ..nU rffff nnieh ami l 

dioTiiplive i-ffo-i priietieally u*f. but the- charai*1*-r uf lit.- 
ra.*i bt entindy ehnmred. lann* vidumeo u*f |»oison<ijr. 
nitnius funirH abintr with other eium-a Ih-iml* pn^lort'd. 

The (rniperaturv ih**flo|M-d by an explo>i*<r ii of Ini- 

|hMlanrr-, heruilM- tlu- bifClU'T ill*' l4*IUp*TBtlire Mil* pWUff 

tbr cruainn i*f Ibr euni. 

Smrly all IdaMttm; exp*«Mve«. eteepi ltU' k puwdrr, are 
ltriil by MMJI uf ii dt lormtor. Futmii^at** of luervury t> 
the nMittl widely cinp|ov<*<l cunxtitiiTnt of tbe detonator 
ehaiirr . «ometimei ii ii uaed niune, but more unaally with 
an adiiiixliire uf 21 p**r ornt uf )Hda*«iiim '-hturate. 

TriiiitrutolMene, pi<*rie u> t and trimnitromcthyl- 
anilim*. ctirh with a Mnall fjuantil) of fulminate ax 
primer, hnve nbo hrrn w*ed for chanrine detunntors. 

Mmv rwnlb a/.ub* firepansl fnun Ibu Nutluni 

»aU of hyilrw/nir arid \|H. by •■>■■ ■ of a lead >olt. lia* 
alxn hern uard. na it hat a irrcater nowi*r uf initiating 
d< lonntioii, so that b-+* axidr i* retpiiml to detonalr an 
ortrunir i*T«|4ie«ii*> thiut wmild l«e retpuml of fubniuale. 
It* manufacture, lm*e\iT. i* more delieau than futnii- 
uate. and the formation of lanrerry ttalx must Im- avoided, 
a« they hair thr unpleasant prnprrty uf •uHlM'liini-4 ex- 
pliHltni: hpontan««iii»l> 

Another new ex|4o*>iv«> l-idy which nppi nn Ukrly to 
piny an important part ox a charge for ib'tunnlurs it> 
tctranilnnm'liiM'. numufftrtuml by iiiiratinc meta- 

Ultroutlllliu . It e«iiuh4|i*« till exceptional eXpliMive i i 

with aromatic stabilitv ami ho* a hitrh density. 

It ran be easily detimated. even when hirjrhly r*ini- 
pn-Mcd, and h«*> nich a high |»rri'eniiice uf ii*i>ie<'n that 
it can ddonat'd without residue or *moke. 

In lilaxtini; n|»rktioii>, ifinii»oud<-r and detonators an? 
citm-r fired by a lime fuse or electrically. The time fMara 
i4 a lion but e*>ntiniioiin core of Idoek (aiwdiT 
NMf9M| b> a i>f twin** ami |M)t and vornixh. It ia 
nuidi tu burn at a known uniform raie. icetierally '2 feet 
n minute, in order thai a snftVicnt lenirth **n he uard 
lu alUiw Ihv shot-lirtr, afbr licbtiii«e A tlae fUMj to rrwcli 



a plane uf abeltrr before I|m< expluction takes place. 

Thu instantaneous fus«. which Imrna at tbe rate nf 
1U) 300 fwt a seeund. affords a im*aiM of llniur many 
ebarrus «mul tanouudy . 

(h'uaslomilly it happem that a roil is defective, gener- 
ally through diMiMitlnolty in tb«* powdiT ron*. C Napier 
Hake. late. (*huY Inanerlur of K«pIhmIvm fur Victoria, 
ImrenitHisly empUiyoil X*ra> pbutography to examine 
>iix|)ei'trd cut!*, ami, in this way. wo* able to roeu|fnu>< 

tlllM4' Which Wert* defentive 

Om of th»> miwt int.fi-iim: ns-ent pnidueiron- Is the 
'dettmalintr finxp," a soft metal tube Alk<d with irinitn»- 
tnliieiH' which detonates with greater veloeitv than itm.i 
explostvra. When placed alonirsidr tbe «*art rkhre« in a 
ib<rp bureholc. it i- .•iniviiicn d lu gn,- an cnhaneerl blaMt- 
iutr effft't hy i-aiiMiijr the whole charge t«i go off imife 




Fig. 2.— Berthrlat calarl-metrlr bomb. 

ximtiltaucuusly than when ill* column uf ex|*M\e i* 
fired at one end by a detonator in the usual way. 

With tbe object of pmmling accidents so far a* 
posiihSc, nnd minimixing the Urn* uf life •thsiuld an ex- 
plosion otH-ur. a iiumWr of rule* ami mmlutiuiis have 
Iwx-n drawn up by the FxploMtei Department uf the 
lloiiwOffn-** which hair In tie fnllou«v| ni tl*e«T.i|l*tetH<tiiHi 
and working of explosive farturicx. 

The wJhM of the riaflfirtinm* is tu allnw only KmMisI 
nuanlitiex of explosive n.alertal ami a limited number of 
wnrk'peopiv in one bi:ildir«g at a time, ami, furtlier. tn 
jiiaec the differem buildings at siteh disianees from each 
other, or snrround tlwm by pmtceiinu earth n.irimi. 
that in llu- awHftl or an exploimn Ibe efferi is localintl 
ii* much a* |Hx.>iMc ami tK' > l^u.- mi ihc luliHutit 
buitding-> are not "-rf-t-ofT." 




Fig. y — Ballistic pendulum. Ilame OCre teating 
at a I km. 

The itiuiiufio- lure uf guncnttoit ami th< other forms of 
niiroci-llulim' i> eurmsl out in Un- llr»t stage* in (he m»ti- 
tlanftr jiart of (he fai-tory. 

The mrmt interesting drvclopim-tit uf the nitration 
jxrocr-M || Mm- imiImhI itv\isei| by J. and W. Thomson, 
of the l(o>al 4tunp<iwd<r Ka«*tury, Walthaiu Alxhcy , 

Tlic eumiwMitiuu of the oi-wl luKlun* ii uf th* greateit 
importance and largely ik'tornumw tbe charoL-Ur of the 
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product. The ratio between the nitric* and lulphurte 
arid* and the water iniiK*. la* aei-iiratcty ad)ualed. 

It must also he rvtnumla'n*! that the intwn in by no 
m«-*uh a dYllnitu chcmii>al body, and ita phyiieol state 
pla> » nn important part. Sample* of different eoltoo*, 
under the aame ewidilioti* in a hulli of ihe Atinw mm- 
puritUin, while yielding: i.iuiM-i Ui.ltw*-. containing pfaW 
tlcally the t*aau* percentage of nitrogen, may vary iu 
audibility in ctber-iuVohol from 25 ptf < a nit tu 70 per 

eeot. 

Turning now lo the production of nilnadyiM-rinr. *.ki* 
manufacture iii miK-h ainipb-r than that of nitrwWIuhne; 
at *Jm* fame lime, it in much more ditugmKiK, 

Tlx* plant which l« at jtronent ima.1 employed in known 
ajt i In- mtratof-ftcparatar. It win developed at Wahham 
Abbey by Sir Kralerie Nathan and \V. Kiutoul, and U a 
great ad van«- on ibe former method*. 

Tbo intra tor -tr para tor ia a eylindrieal leaden veaael 
with a coned top; in-ide arc |4aced leaden <*iU>, through 
whieh cooling water cireulata*, and pi pen, through which 
compreatcd air in blown to mix the content*. Thr 
glycerine ia introduced in the form of a line Hprny under 
tin* arid by mean* of a Hpe«-ial Injector, worked alno by 
<-otnpr*-«*»«i air. 

When everything gm*» right, the nitration of the charge 
ia uaualty completed in nhoiit our hour; lam agitation 
with thr air la diaronttnucd and lb* separation of the 
iHlrogUimrine from Ihe arid* take* |4aeo— being lighter 
it cornea to the top. A pipe, in which a glaa- window i* 
fitted, lead* from the top of tin* nilrator-Mparator to a 
pre-wanhlng tank; by allowing wnateaeid from a pmiuu* 
(i|w*ration to enter at the bottom, the tutrogjyeerine m 
forced over into the waahing tank: and lh*» flow nf acid 
in stopped whenever all the iiiin*tl>eeniie ban paaaed into 
l ha wa-hlng tank, which eau lat lowrvcd through the 
window. 



Death of the L*gt of the Wild Pigeons 
By K. W. Bbafeldt, M.D. 

Mart year* ago, the Cincinnati Zoological Company 
wan m* fnnuunte aa to huvu no fewer than eight tiling 
n|m*c1um-iim of I be I'uaarilger rigcii (•fctiOptafrw a»*ar«»- 
lo/i««i In ll* garden*. Krrnu time to Mine the**- died, 
nnd were doubtlrua dl*po*ed of In twie way or another 
it it I It. finally, there reraahwd of Ihe Utile iKrtc only n 
-digit- female Mnl Am tlo\ |«t*M«t away, the «iw 
N|H*eie« MM being rapidly eslermliiiited In nature, until 
iiih* day li iMHtune evldaat to everyone who knew any- 
thing of nurli am tiers* that the wild pigeon hud MOOaW 
oxtlnct. Man had elltahmleil It fn-m like faiv of the 
aWfttb Itewurd* were then .iffen^l for ^leHoH'it*. antl 
llMat fcMUat mure Kiitectahtbil. *n like fuel wua clearlj 
ii|»pwlnte*l rhiit the tihie |4gHotiN** nere aniociic the 
thlnga of the |mu4- rlnally, a tin •n.»iiiid do|lnn« were 
held out an mi Indueeuaeut to any itrraon who omul 
Un-ntf a with a fn*ah tin ten I 'J I of erg* Iu II, ami 
fiirnWi that In forma limn to Ihr tarty eifetiiiK the te- 
wanL Tins brought many UltuV In; tail tlie> all 
pt» veil In be either iiMiiinilng doiea or trttut lulled 
|dge«inx, and ni l:t«i It lwi>auie ier>" evident tluit not a 
xliittle I'jiM>»-iiuef I'lgemi wiw left at liirge In the conn 
try, where formerly they migrated Iu fhvk* of MMUm- 

U«wnwhlle tlw aole •MtrrlT^ir. I lie feniule In the tin- 
elnniill "XtaV* llvvd <mi, milll tlw lerm of llx eii|glvh.> 
mum an uutiHiially hmg Maf for nny nlld Mnl deprlre«i 
■if 11m lllierty, i^itwUle of eertalu »|«>c4tw. MH'h an Ibe 
|mrrol» aiul ofkaflK Hut ttie end waa vnre to 4<*iiue: mul 
at lual. after It hud survived fiwr twenty nliw letig yiW 
It Hieeiinil>eil to wiiat waM. uHmreully. nothing ainre 
thun ndmneed age. Thin laH'tirml at 1 o'cha*k In the 
morning mi SefdentlN'r M. HM4. and the 1hnI>. M liad 
Uh-ii phnvl. hi-Is tiriungiMl. naa Mellt to the KuilthaiudiUi 
liiMtllutlon In Vta»hliu.'1uu. In thnt MrteiKv ndght make 
lite tM^t [>n>«ltite u*» of It. It fell to me to take |«n In 
thlM. and thrimgh the CowrUHf of C. W. Itlrhnuml. 
aaabwant cagfttot of blrda of that ln«tlttitluti, I arrived 
at the nann In the Nulloiml Muwutn about one hour 
nfter the nrrh.il of Ibe IWCCtatetl t Se|ileiala>r 4th, lUMl 

At iu> re*|ne»i. It wn» Ar>t Inken to the photoitrapble 
gallery, ulwre I |>miI It In the three eoureiitlmiiil 
awpeeti* laulerlor. poattffila*, and lateral) for the pur 
|mn> i-f taking If k pie tore, awl i lift t nunilar of m by lo 
iwgallre* were iMmwwfully maile. Kntu there. It wan 
at MaM I n ken fell my hiwne. .TITat Klithtei-nlli Streel. 
WmdiliucttNi. I». <'.. by Mr, William fainter of the Smith- 
minlati IliMiltnlltili. uImi hud l«eeti defc-culed to Hkln It 
fur the tatldrrniUi. wh>> wan ni.--.-nr fman the rlly at 
the time of the MfflVftl of the «|a<etmeii. While Mr. 
I'nlnier wn« ii u- efunmeil hi one of my work n-uu-*. I 
waa In my du rk- man, ih-ve|oph»« im era I ra'cul I Hat 
whlrh I hud pnfiafjal| RMatF "f Ifw bin! wllh my own 
eiiinera III h> R) ( milwely, two of l|» Ikead. mi lit ml «\n; 
and OM of ( he lOIMn, laalMV Hie wktn had laMN fXtat- 
pletely iiiti.-v.ii 

Heftire Mr. 1'alnu-r tiH* hla h-aie. lie earrhil out pr. 



With the nlij«*t mT preventing expla«*oa»of gaa or eiwl- 
dnat ia mine*, our tlov.cniinitl, in common aitli many 
othepi, haa inatitated a ie*i shieh etphbtm* have to 
!•*--» t" f" Tf they are put on the "pernuttod" li->t, and are 
a*>ailal4e for u-** in fiery or dmty ml net, Thin teat ha« 
varied in tlw different <SHintrie«, and a ehange has Im-h 
intraduetd reeentl>. sinee the tr*n*f» ts nee im7 1he tmtiog 
ita*ioa from Woolwieh to Rolberham. M<teh diffm-nre 
of opinion -llll e-ii<i« tut to the hint mean* tif e»rryinc 
mil aueh a t**»t. 

Ho.- of the chief farlort in determining the ignition i* 
the temperaturv developed by the gn*e< <g exptoiion. 
Owing to \»r\i nf data, the t*-nij>eratiif»' cannot lie Mlftt* 
laietl with Kiiffirient MaainMQf« atwl rdher ramditionN ob- 
tain whieh itaake a pruelieal text mora lic4|>fiil. Never< 
u- lh«' |i-ni]H raturv i« off great unportanci' And many 
nu-.tiw ore employed of Wiwenng it, Midi aa adding aalu 
whieh abwrh beat on rolatilualion. 

'Hie rapidity nf detonation, the hnglh nf Ihe flaiiie. 
and the heat -rvidvod, all inHueoiM- the tvudtuoH* with 
whieh exphwive* ignite, gax or eual--iluKi ; but iu thia euu- 
neetam knowledge ami |xr«gre*< have heeti rhiefiy pro- 
tiuittil hy dirvi-t experiillenl at t hx< leatiug <<tatMifi< 

here ami aliruaii. 

The tilling material for thelL« luw l*e» n the aubjeet of 
tnueli eviHTiiivenl and trial by the different enunlrM-t. 

Hit rir arid, under the i -«r - -hhihw or melinite. I>dt|lte, 

MhimmMi powder, ete., ha> heeo ixt^n^iuly trud him I 
found wanting. Aramoual. eontaiuiiig amnioniuui ni- 
trate, with a large percentage of triitHr-ttolu'fl and Hnely 
divided aliintinititn. >• a w r, *ufe and jiowerful •■vphed^e, 
and haa lieen aihipted aa Ibe charge for nh«4l» hr th* 
Aunlrian guverutuent. It lias the disadvantage of eou- 
taiiiing tlw hygruwtijm- ammonium nitrate n* an tngrr- 
dient, ami numt continently be xjiei'ialty jU3ntia*ted 
against motattire. At prt^ent. trinitnoi^iuJ ia the hody 



ltlrimtiaiir>t dlri*eiUitBs nml turned over to me the l-aly 
of the Mnl. for niitiliiailnil dlv«e<1l..ii nnd deaerti^ 
lion. Thin latter lalxir. Including the aiukliu: or nther 
negatlTea and a eolored plnte, bag all been eiampletiil. 
and early next year my report iheromi mill bt duly 
pllMlHbeil In iitmther ismueetKuu 




Side rtew of the brad of Ihr laat Pannenicrr 
I'tgeoa. 



The -dde rlew of the mud, whIHt lltii-in.i.-. ||a> pres- 
ent brief arth'le. U a reimalurtliai of »im> of my own 
|4nrf<qtrapliM >if the K|MH'lmeti one of llicaa* taken nl my 
Ibouw. a« metiilimt*t1 nl..n- It l» tiatiirnl m)ii>, nnd I 
MMtOffvd the e>e In ilcir tin- portrait mlrhl have u mi»re 
llfr-llke aplNmraiice. When Mr, \eb-ai II. Wofai, tlw 
veteran litxlihrml-t ..f tKe Kmlil.~K.L-in limtlhilbuu 
reimriiM lo duty, the M|NTliueti will lie duly momiled for 
the tindibotocl^ii Bxlrifcttian thNwia of tin- Xnilniuil 
MiiM'Uio. where h will la- MM to uttracl very eomdder- 
little Inter**! M ll.- |«rt of the rhdtlng putdle. 

It b< to U> iMfaa) Ilia I If tmiv. In lltne. luive Mime llflle 
lullueme In staying tlu- hatu! nf man In hU mreer of 
exlemdnatlun of wnrh 1neoiu|airn1>;y l*^tnllfnl t'milufvft 
Iu naftire I. r.-r ••ne. cnufly fenr that ililt a III md la< 
the CMft In 'lue BMMafi Ibe day will oonji " lieti pnic- 
Ikulty all of the wortd'a avlfnnnu will have la-come 



which hai coinriieriiletl itself Pi uumi nf tin- gi»vemnietiti 
aa the hc*t Immtnc ^hane** for htu lb, tor|»d'»^. nnd 
general military bloating work, and boa jaxt been adi^ih d 
by our own government. 

Kxja-rH'uee in America. South Africa, and \n*<traiia 
Itaa *hown that the fruit-grtiwer ban a real frit -id tit i-v- 
phutivea. and it -■ • n . t<i me tlukt. in thi» *>iuntr> aUo. an 
mint wake up to thia > --.<■!'■ n : Hfaw4 of etphwivi'* ami 
ibe mean* they offer of attaining r*Niih* otherwise 
impiaoulilo. 

In the eaae of tree planting, it m mil t ! men- coin- 
pari«>n nf the emt of the exraiaUtm of the hole in whieh 
lo |>lnee tlw tr»- which liavi lo lw nm-<ld>r«d Win n an 
evpliiaive i4 i.in|>loy«d, tin- «*od i- t>ha»eu up iml M>fiirotl 
for a eomparatively wide area hevoml the hole aetuall> 
n^piind for the tree. \Vh*ti. u* often (.append, there i< 
a hard ami iu»| ■ ' " ■> - mi lea u I U yotid reach of the *|koU . 
thia It nlv i oiHtnil nnd li^urcd. and Ka^aWalBM hna rfaM n 
tSal tree* planted in ground pp-pnred by lAplu-ive* make 
a miieh more vigonuM mnl rapid gnialh thuu when 
planl«d in the ordinary way. Koitut tnn-a hate Uyuu 
Itearing after fonr yenr». wliile oth«T» MmQnrly *iliinbd 
but -i :i I- did not yield fruit mil it nix our*, 
eertainly a gi mm I rHurn lor tin- -it i, 

In the eaae iaf exitting <tr«-hard>- KllU nan be dona iu 
the ordinary way to aerate tar render the nuure per- 
%tou« I » Mo- nadfi and inoi-lnn'. but a tunall eartrtdt'c 
in«rliil at MaVW depth Mow the tree, tar a Larger one 
exploded at a dcfith of II lect or »o ladow the iurfnee and 
midwa> U'twern trees pUnted about 15 feet apart. ha» 
a in« i-1 ttcnellrol effect in hajftening the hihI will i in* 
juring tlui irvea. Tl»* riNitu ha\« hM IMlatMM , " «i^ r- 
coinc, the *ih1 it aeraled. the muihlurv retuining protM-t t 
improved, and a new U-xs-. of life i* given an old 
imdvatyl: the Ire** la-eome more MgortH.* and pnaloetivi*. 
uinl iinh »tl ii.i' tejiii I'lmled . 



utterly extlliet. Smdl n fate for It b< enudug t«t |uim« 
twiw. wllh fur greuler rapidity than bhwI |M*nple eeallit*-. 

Tsint; I .iu. GermanyV Hastcm ('olonv 

Nor much m>-nriite liifotumllon evMn u» to (he abil- 
ity of tienuany'a naval Iam> Iu tlw Far Kn-: lo n-l-i 
a vlgiariaaa attack ftxau the w«, but Hie pN»ltlirti U one 
i»f nrviii natural ntmigth mid ImiMitiJiiiii*. Tlie llay uf 

KlaiMluill Ihe twirl bea-d Nhore i-f which It -lumK 

together with the NUrnHitaltug dlMrlet, wu* aelanl by 
t.ermuny In \nvmiU-r, ISW7. Kjirly hi (but month two 
liermau mla»1iauniea were attacla^l ami kllhil while 
traveling hi the 1'rovhu-e itf Slumping, and a few iIiivh 
later the Kaiser's l*aellle mimidrna unclMired hi llw 
< -t. nil altimatum ladng aent to the <'hlui>*c gen- 

eral in leave with hit tr.--p* within three Inmra. II. 
dhl *m» inn .-i prole**; the irenuan lira a; wa< bo4Me*l. 
ami after in-g.iibiiiiaiN with IVklu the mutter waa act 
tied In March. ISUS, by the lea»hig of the hay mul 
terrlliMry 1o the Kin|«ror f ■■■ iiliH'ly iilne yearn. 

The dUtrM thus a*^iiilre<t \ty IjjH anvtxiiit««1 lo -fim- 
*jnn Mtjuara mllea. ami with Itn hind harlaai hnrl-ir fega 
iMffj dcw-rlbed m the key to Northern ttaaaa, l^ml 
rharh** ltert»<fiNnl tM-Ing aiaiaiic tinea' who have ex 
IMMaaa tin- ..)>lnl.ni tliat It rviire*erd« iwm* ikT lla- nn*1 
tm|«niant ikaval Ihim**. on the ('blue*** r4Bat« 

lacing the Yelhtw Sen, alnait X'Ml adlre In u direct 
line Hi.nil,.- isi «>f I'eklu. nml hIuhM op|Me-lfc the —luth- 
em extremity of Korea. Ihe laiy i-f KUi»-41uiu bt h- M 
t tin n Hug tnllex whh* ut Ha entrains-. Wlthlu It ex- 
terna* over an iircii of -i«m>thliic like t'dt vpiare mllis 
• f ileeii water affording at all llmeti a nnfe uiH-lnHrnge 
ftir whliet id any aaVA, Hal MM al entirely ~nrr.nin.tisi 
by hills from Hi) feet |n ■'»' tM hlith. un»<t of them 
lOTerllig admirable wlte* f ( ,r fnitinenthuia. If the de- 
fetiMhe aTlHfaw filahiirs) when the plaiv mat mdzis;! haw 
lusj-n nirrhsl mil ami fully armed, the harbor tutiat |we- 
•etif fortnUlahle aMMfkH M a m<« attack, while the 
lam) uiHjiroai be* nrr giutrdeil by a airrlea tat fiHrlllleM- 
(buiM aerieM ihe head of lb*- iteiiltiHiln, Tin* gnrrbaai 
c i i - 1 - - nf ilcrmun niartm-a ami a miuaII ftwiv- of 

<'hlue**c woldlert. the reraiilmler t»f the while po| mint l..n 
•rin- very Iiici4|m|i|c cable. 

Tlie Im 111**1 Intel; H*trr*uiodlug district i-j rkh Iu ailn- 
erut ami niHalllfwiaiM aqajMataV a liiw but iimlcvcl.ii.il 
•njpply of ctait ladllg one of the ludiM<«niiriila willed Us I 
the Bvfaintia t.t tlx «ut Klatki'hau fi«r M.tib*ii»ent *Hher 
local ImhiMirteM. are tHiaaHalill wllh frnlta trad vege- 
t nl dc*. Mtlk culture, brewing, and ^mpiunklng. *rwo 
year* ngo flap lni|s.rf» ainiainled In value to IH,r1f1flffll| 

umrks. and tl \|»«rts hi marks. In the 

whiter im nit Ii* the tutrt»« U the until ml millet for the 
trade of Northern I'htna. a railway. _TJ mllo i.ioe, fnam 
Tslng-Tnu to 1'iedian. hnvlm* mm-li lncrcwml Rm value 
In till* direction. Tlie (iermiiu war Mawfel Iu npaWN 
wuler*. a* well ii* a large nuiidM'r of ■•ennan trmlimr 

-hl|» lire prolnilily Mhr4lerlUK umh<r the T-htg Tnil 
helghta ill the pMMlM iiMrtinfd. Tkr /mi/p YV/ttfra^a. 
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Wiikn u comparison beta**.*, the work of ihe lunar 
tliKiriMi mill tlmt of tl*i observer bus to U< made, tl in 
n**<«w>4iry to tukr* into *-onsideratio*i the fact* mid modo* 
obtained by nMnmometn for puxp«M.« not directly con- 
reeled with the iriiNin : til.- motion* uf the ear lb and 
plau*d«. ill* position of tlie nl>Morvcr, tlw- o*-etir»oy ul 
»tar r*talogue*. the error* <rf tlie instrument* u>««d foe 
the measurement of the places of ocliMial object*, th* 
personality *f the «»le«erv*T*»- - hII those huve to Im> eon- 
rtin»-r»*l; mi facr, nhnowt i-ury oii»< .if Uie depart neti in i>f 
t Imt a»trouoni,v <if pDnition iuit*t hv drawn upon to f iiru oh 
niiH*ii*r>' data. Tin* lime ha* now arrived when it may 
rN-rtuiiw he ixHMlhk* to rx-jwy in *omc imwin the debt 
th<i« ii«Mfiu-1«) hy funitoihiiiiE to the UHlronoirwr, anil 
perhiip** aim to thL> tituihiit of geodesy, and, if I may 
enin * word, of teieuodes) , some results whiek t*an be 
dodured more accurately from a study of the muon'11 
motion thou in tiny other way A tong-c<mimu*d ex- 
plication with few companion* who-h uhiniahly lead* 
to tcrritorM* where other workers ravm already luaJted 
path*, gives tbe impression of having emerged from the, 
tbick jungle mto open country. The tntpluavr can onm 
more join fomw with hi* Uotlitr ii*tit)bo4iuv*. He ran 
pidgv hit* i'Wn result* more justly, mid have them Jurig-t*d 
hy other*. 

If, then, an cxriiitt' he coodod for overstepping the 
Until* which weem. hy silent ooietunt, to have be«i 
imposed on thiMMi who d*vi»ic tuenoteke* to lunar pfob- 
h'tiiN, tt romdsu in * ilosiro to abow tliat ttw»*e limit' am 
not iwcuMary, and that a study of the motion of the 
moon rail bt* of vului; and eon eiHitrihtito tU sluuv to tbt* 
roniaion fundi of x^tronnitiy. Til* hintofy uf tb* aiuti'jn 
of tin* »ii<»oti Iia* U»*n fof ui**tv lhaii two <-*■ ntiiro-*" « 
Htrii^U- U-twivD tlw tbi^HHNU and tfif rilworvi-m. Kvcr 
jiin. »; th*i pitMir;ition of the "IVinri^ia"' and tbn cnunfiii- 
Itim uf tin? law of icnivilatiuu hy laaac NewUni. a rou- 
rttatit e4T«rL Iiiim lifi-h inaiiitallitil to prove that tlK< rnoon, 
Ilk*- tin- i>i!mt bodifti of ttw Sdar Ky*t4in, oU>yid thi* 
lair to it* farthest riHiwqui'DiMff- Whilr ti>r th»i*r)- waa 



itUC tlioir inr.lr«nu*Tity aud tbt-ir nirtlioth of oh 
with tin' jwldiU<iriftl atlvanuitfi' liiat vh- tr fffurt^ hiid a 
t'umuLativft rffo-t. Uir< li>ntf4<r ttw tinin otivum! by Uictr 
olM-n atioim, the marc exact was the IcnowUdtio obUunuL 
TU*i tlii-iOT-it l»fk«l 111* Uttur adva!it*i.*r: U he nt jit 1.^1 
iniMi' he i*i>nhl noly u»- the buttw iiwtnj mrn I* To* aiml> »w 
proviilo<t by irm niuthftnutlnJatj, He *a* alway* trying 
t«t fi»rriii a plaUi of amiur whirb Vh# oh>f>rv».T, with a gun 
wfawHt |h>w<t was incmaang with Uic Ume, wnild ni>t 
p«tirtrat<'. In the utriicrrU', tbu vwtory rarely faik*d to 
m*i with tbt- obft-rver. Within Un> ta*t d»rude Wv tli**** 
rirtV. I»»ve mtubt auntWr *M«'inp(. t*i f.-rgi- a now pl»l*i 
our of tlu* «iH uuitUrrUU ; wbi iVr wt; have AiiUitAntially 
Kiuiuvl tbti l ii-tory mtuit nnt |kirt)y un thi- cridenop I 
hiivr- to plaoe before yon to-day, and purtly ou wltal tli« 
i.l.-.. rvir *Min jinwlure iu tli* r**«*r fiMurt- Th-r-'art* thpt-f 
a.-lUli-niMil (M-riodfc hi Uio history >4 tin* «ubj«-t <w far 
iu u .'Linpl. n •). vt li>|MiMmt of Un* mooo * moti.-n u l-i>u- 
••itiimI. 

Kpmii th»* publi<~»ti4ia of the "l'hiwipia." In HV>7, 
*h»Ti N« w(on hint i|i>uii thr l»nKid onUn-'*, until th« 
mxidb< of tln< .inht.H-uth .-.-niiiry, hut til tin |wn«n»» wa« 
nuuU-- It «vnw lo Iiavi; riM|.uin d «vit l*aW a otntury far 
im;ily<t3 by miiiIkiIb to adiaD*H> suffu'i^-ntly far for **x- 
ti ii-«i>«. ajiplt>«tH«is V.' tli«*pn«hU , rtLii'f «*»'li'?lhil tutfliaiil' tt, 
«*l»irjiiU and d'Ah ml— rt lioth vi|. i-.*.sh«l in r.^-itiiw: tlu. 



had citti it. and in r»tb»i-in»r it to anal.v»t% hy :ho ini-th«Kht 
*«f th* •.ah Mius. Tti'y w«n- foUi>»<»l Uy l>««tiard KnU-r. 
wlwi. in m\ o|iitiion. |h tIm< (rr» :ilt"1 of all tt^ Jtuiv-*^^.!^ 
ot Uiar \* a ion iw « Uu**r th.Ntriht. Hi- initiate] |ir*«-- 
li^all.V * v.-ry ni.^h.«l » hu h has U*-n uwd nhu-c hi* linn.-, 
and hi.- ■.■riti. i^t.-. -ho« that he had a i^jtm! iitiiirhl into 
thfir r*-liitiif nd\iuitatf*«. A Innjf r-dl of lining bMlowfi 
in Ihih piTHMt. Il vUmtti hy tlH> puhllratxni id |)i.< 

thiorio of l)< -launay mid |l;»n..* ti, and Ibr 1ahlc« of tlu- 
litlit r, nU-irlly iiftrr the ninldlo id thr aim V>.nth s^ntiiry. 
►V'Mii iIm-ii to the t'nd <if tbt* n-ntury, th*? publiMn-d 
luointtarA d.al with ^p»* i«l («rU id* th« th>.«-ry. ur anh 
its nntn* i^iuTal n>p.. i>, hut twt ^-nij^ f d»wl.iptn* -uf 
ap'ian-*' wbii'h niuld ».u(Hr>id*i tli*. t>t«idi> of l(aiu**n. 
My •mri llwiry. which wax «*oaij]lt:lrd a few ycart ag<>, 
i» r.vjii r lhi-fiiHUril»lit to the UUitoM of the UUa* utf otlien 
il.nti u tn a m.H[«, <.f tlndini: the nii»m'f nwtion. Jt*» oh- 
j.V, wa» wvrfvly |>TMi:(»<-«i (o lllni ill tl" mod arN .lrat.i 
«*^> mill hy thr sJiurU'5-t path tin* .-t.iiiipl.-n. »-tIo I ot tin- 
\:<ti of icnivit4ilifii upjmed U> nuKin. It u a dt'irl^|>- 
iii- m "f Hill** ui«*n<>ir IS77. Hill in hi* turn 

in.L. ht od tQ.^lfto a» 1t:nl U> iluUt, 

' xi it*. Auiatki m.^ilnr ,.f i|,.. V 



mviidd hai<> been (rreat^ir had bo been awarr of a UttJo* 
known jia|HTor tin? latU-r. "Surla Variation de la Lune." 
m whieh U». orbit, w»a ^atM tin- vart»t*Hi orbit, Ik <»1k 
taiiied. and iu ailvanuiC'f. fed forth in the wi»r»U: "Qu-1- 
ijue cliiinf'nquc *«rttr. (|itmtHin j'umi aranrer que, ti Ton 
r^iiHii--5oit & vu tntur<*r utv anlution parfaite on nc troa- 
vnniit pn-Kpie piui de difficult^ pour de*tt<miitRr l<? %rui 

d«- la drrnihrti inijk*rwiK*-, nt il fe-ra u»iijour« If u dVn 
«Pprof'irnlir toutt** le* dinVadtVifc, arant qu'ou <n puiteie 
•wfvnt «nt' virlntion rompletr." In tln< final r**Milt* of 
my work, the d* itli.pnwnt alntH m iin-ludv tfn- unisita- 
tional a*rtam of rmry parib-)v «*f matfc-r wliUdi . an hav*. 
a wn.iiblr < ffoet on the moun'f. motion, »t» that any differ- 
•tti'i- 1» hx li appears hrtwMm th*orj" and ob»<rvat«»Q may 
not I* wd down to want of aet-urary In the wmpU*tenoriK 
with which th*> thoory It* earrit<d out. Kvory known f*tnst 
trapaldc of oalciilntion in inolude*!. S.) much tt* the 
theory. <*ravitauon. howrvxr, u only a law o| force: we 
ninul the initial pnuitioci. aptH*d, and direction of motion, 
To 'jet thw with suffiuit'iit jAiiwy no uliicU' nd (d ol»- 
scrvaruint will f#it\*<, the new thoiry mnut be eo.ni pared 
with ax great n nunitier of thewi ai poMtiUe. To do this 
direetly from tlwory it far too long a tank, and. □loreover, 
it i* not u«r*--e«*ary. In ttir pat* 1. ever?' oh«ervuLlon luia 
l^c*n nimpar*"! with the plane mIujwu In the Nautieal 
Alnianai-. and thi* «iniall diff«r» ntyw U<twis it ttwtm have 
h»-en reeonlid fn«n day t<i day. By taking many of tlie?iH 
difb-nfiiMM and rtHlueing tlwin no ** to eo'rreapojid with 
,Mvnw* < nt oue date, the p*e*it»o« of tlw itVHm at tliat 
dnhi t an l«- found with fur gn-aler iurx-iiraey than eould 
li** obtairu'd through any on*. «ho-r\ arhin. At the firwn- 
wit*h OtMwrvatory. the- mucin ha-t been olwrrved and re- 
eord«d regularly mwt 1750, With iwnu' VJOobwrvuttoriB 
a y«r, there an- iilxnit jri.lUN) ainllnhUf for . .iinparUni, 
quit.- apart front aWtjt Mfii« at otli* r <ih«Tvatoricn. 
I'ufortunaUily, thmn ntk*iir^utii>iu are i a i>iii|»ared with in* 
<T«rr«r' , t thofirMi. and, in the early day*, the ob«**rv**c«- 
*iti> io it able to find out. with lite a*** imiey ro<|.iiirvd 
t*-day, the erp.r>. of tl»* ir in*trumeuiH ur the phm* of 
tbo hi art with whieh the immn was eomparxL Hut we 
have meanx of corrrrtmg the olwcn ation*. no tbnt Uo y 
cau l» frt*ud front many of tKet^rors |irt**ent in the p^*tilw 
whleb wuru pilhtlttlied at thi< time the ohiervatl-iii.* av.re 
nia«t«.. \V*> e-an al»*o .-orro-i tti»- ob)«r ih*»'fi>^- Tlo-y can 
be eomparod with tlw* iww thwry and the difference* 
ealeulated: these dtfft'reoe**s need no-t evrr hv applh*d b> 
the N»parHt4i uboervutioiui, but only to the oltff-rvattotifc 
eoinbinad into properly ebottea (roup*, Thiu tli" laUir 
involve! in nuking nao gf thi> tuu*h*i<r oii^rvafaorm i* mu--h 
Icrss tlutn might appaar at flnit wgtit. l'or tbo pa»t etgh- 
U*u raontlui, I have been engaged in thin work of lidding 
th* diffenrnoea between the old theorufi and tny »»'ii, ;u 
w«dl a* in txirroellng tlio**?ob«*rvaUi)o» whirh were ina.li- 
at timru l>^/r«ni tit* roMonroHt of tho antiMnonur had 
reached tlieir (»re*ent t.tagn of prrfwtion. I have not 



workora— i»»Ub1y Airy in the la-t Mitiiry, und ( "oWell 
in thi* -bavo done the gr«al* r jiaft of tbo lal^ir. My 
share was mainly to curry their* a »tagc furtlwr by o*h>jd- 
ing the latent theon. and the ht'M m.xlrrn pnr/ I lee fnr tho 
reduction of the oWrvatwm*. In thi* w*>, a imx-h 
i-Jnar-r agr>**'irjp|U U-twt^n tlw«»ry ami oh*-Tvatnm ha» 
tieco ubtahud, and tlw* initial (Huitinn and veloeity of tlie 
moiMi at a given daWi are now known with tin aeeurucy 
eouparalde with that of the theory. 1 -bull nhorlly 
n-tiirw to thiv problem anil exhibit thU ib«n*e »f ai-eiir».-y 
by utejuo. of rHHU*? dtagram** whioli will he thrown on the 

M--TC*1I- 

I havT* xfioken of the ibterminatiim of th*>ie initial 
ndi«-t u-< if it oon*titutod a problein sepnrato from 
tin tl"***"ry. Theorutwally it lo m, but pi**j; tie-ally tbo 
t»o iiui!*r. go t**r*-ther, Th»i incnaao in accuracy of tbo 
thei^ry hn* i^our on siKroujividy with ineniaae in mniraey 
>4 (he d< (*rrainatton of tlie-* tvnstant**, We ilo not nrul, 
with a im-w ibiHifN , the rie* <-*)0«UUiU Ifom the Atari, hut 
rorro-liou^ tn tl^i prtivioMhly hdopt*d vn]ne*t at thewo 
eoii>tant*. In fiict. all thv pndiU nw i>f which I am talking 
are <o miirh intern lat.«d thot it is only juaUllahle U> 
M ep>rar> tlu-m for tin- pitrpie«t-< of expodtloli. I*t U» 
ju|>|>... iliKt tin- iheorv ond the*.' ^in^Unu bavft bora 
found in Dimierii-al f irm, mi that tbu piMitiiui of the moon 
i* tdiowii by rniMn* of ^pTe5xioiii which eoutaui o<dhing 
UhkiiHiwii but lb*- time To And the nura'i (dnee at any 
liat.i, u.. Ute (Ion only lo in**rt thai dato atv*l u< per- 
form lh« n.^ t k^iiry nuini'fVal «-jiI-.-ulati«»Ti*- Thi* in not 
done dinvtly, on ik-i ount of the lalior invoU<*l. Wimt 
arv ktmwn m "Tables or die M.xm s Motwn" are fonu«*d. 

TImw- ub|«« mKuUtiita an inU-rawdinte it« p U-twwn 
tli. ih^.ry -o.il tl«'|iotiltii4itiof Or. moon nlm-ha/i-prinM 



In tbo Nautical Almanac Their nole u*»- and neeewnty 
i« the MiibreviatWin of the work of ml.-olat*in fiHpiinsj t»> 
liradiet th.i miN.it K plio e from tlvi- ilo or.-ti^al valuo* 
whieh liavf. Itwn found. Kor tliis rea*on, tlie proNem 
of pHKluciiig effleient tables i* not pn>|»Tly seHiilifio: it 
H mainly oconontie. Nevertltelem. 1 l«*ve fmitid it a* 
int*irertlbg and ab-orhing iu* any problem which mvidv«*t 
mMMH of euleithitiou Ik to tWe who are naturally fond 
*»f dealing with anthmet>al w.. r k. .My ehiof a*Kirt*nt. 
Mr H. H. Hedrr k, bn« employo;! ht* taliiabU 1 t ^periein**. 
in li>>lpbig nie ^»d»*vin»' new way* of arranging IIm< tablm 
and makiiiie them xonpl.- for u>»e. A lahUi u mainly n 
<le\iee hy whwh cnlrulali/iu* which are eontinuully re- 
"nirriug or** performtMl nm-e for all tint", wo Dial tlii^**' who 
ltevtl lo make -«eb enleulnllonN mil r-wl off the iH-ull*. 
fftmi Oik tnldo, 

Iu thii i-iwe of the moon, the table* gir in intnc. 
K»eh term m the nwon's ntrotiim ib*p*-nd*« mi an 
angle, atvl lhi*« atigh' d**|H*gid« on ihe lUto. <.h|r table 
giv«et t.to- imIiu. of lite angle at any date |a very linie 
ealetilation eiuibl.-* tin- i-oinpiitor to Hnd tlus>, anil tbo 
second table given the value of the h*rm for thai aright 
An tlw name angle*( are continually rveiirrmc lb*' Hifnind 
tald*' a||| w-rve for all Ume. We mit, how* ver, do hetr.r 
than oon-tmet oin.- tablo for en. h term. The >ame angb* 
can be made to »erve for *iev**n\ U-rni*. and i-onM^uently 
fine table may be oiHixtriiet«<l kidk to ini heli. all id them. 
In other words, iuMcud of looking « ,l »t I'* 1 " imiiuUt* for 
ilvo rat- t*.ntt". mitiijitit** hxik*. out one nutut.. r 
him tho -oitn of tbo live term*. Tbe mor.- 
put into a single table, the b-** w.trk Tor tl>e 
lottrotiotniT wlw watiU tlio plaw of the ni»*in, and tlier*- 
fi»n- thv nn»rv »fli< ienl tbe l»b|«*. A »«lill U-H»* -h v|. .• 
Ix a Binifle tald*' which depend* on two angles, known a> 



Include*! iu this than in a i-ingle-entry laid*. The double 
uit*rt*o(atton ou *?wh -jjeb table »•» nvotdttf by iiu*ing 
<idii angle (tie Kitne for iriany ibtobb^-ntry tnhlt-v, und 
in*4«-|>olating for that angle on the sum of tho number* 
evtroctrd from the tahlcet. The probk m of ftUihc lli^ 
teniy* Into the MiHlWt ninulHT "f table* u tt Jih.bb to Iti 
cmihiioiti.ity* --.tnetbiiig |ik«' u mintuis. of a gnnn< at 
chef-i ami n pi.-turo puxxle. fciut unlike the hitter in tin- 
fa*-t that the intentKin is to pnabj'v eiw and sinipli'-ily 
MiiUad of diflicidty. This work of itrnnig* ii»eii l i*> now 
roiMpleud. and, In fa«*t. alMe.it livo mth* of the ealeuln- 
tionn nece*,*iiry to form I he t*bl»w an- doiwi. Ovi-r one 
third of the copy U tsa^Iy for tlie prtntfT; hub oaitig to 
the largo mass of the matter, it will lake from t«o to 
tlirt*? yearn to put il ihr*mi:h Ihe p«*o_ The e*w.t *if 
p*-rb»riritng tbo eaJnitvtvirt*. aiwl |>rinting tlvti work ha* 
1x*n met front a fund s,ureiaUy set aside for the |mr|Hw 
by Vale irntvemty. A f<rw statist ien will. •"•Hvui*, five 
ao ideu of our work- Hointun h;w 3iat l.-rm- to hi* thro*! 
eo-*irrbiuit.^, and Uie-*? are •*<» gnMijifd that aliout u 
iKindred table- are ii-.h! in tlnding a complete place »H 
th*. r.H.or,. Wo have inelu.lisl <ivcr 1,1)0(1 term* m alw.m 
I JO u\hh>*. no (hat tint* «re. «in the aierage. ui^Ul eight 
Units p»-r tahli-. iln one of our tables, wi: have Iwvn 
able to ini'lmlc w.t Ums than forty terms.) Kicdi table 
t* made a< eirb nsive a* poaiible, iu order that Uie inbr- 
polatwo?-lhe bano of all enU iiUlioiirt nlkall l-> ***y. 
The cr*«t ma>.inty of tluin involvn multiplication* by 
ntlOjU'T*. U-a*. than HNL Then* ore 1<hs than ten tablen 
which will rnvnlvu multi plications by numVn lielween 
HII and l.OtNV and itom* grent.-r than the lalter httmber, 

Tr >mptil«r who h wt to work N. ftmt the longitude. 

latitude, and parallax ot th». iinnm will not niMnl a tabb* 
of lo^arithuLi from the iKVlinning 1<» the end of his work. 
Tbe reason for this w that all inulttplHtaliofi* by lhr»«e 
tllfiirei or Ics4 can be done by < m n'lb''M w*'IUkin»wn Uiblck 
nr by a * i Hini , mti|iat uiaehine. Ilul Mr. Hcdrick' hua di**- 
vi«od a tahln for interpolation to three places which is 
d eoiy than either of the«e aid^ It b, of 
of u« generally for all stub ealnulalloii*. and 
turaufettiMQU are now iK-mg niiub- for th* imtiaratkm 
aud publication of bin tuMos. 

The actual work of finding tbo |dacc of the moon from 
the now lunar table* will, 1 believe, not tak« more time - 
porhaim lew— than from Harj«ea'»t table*. *m *i«m o« the 
eonifHUor ha« tita-le liiuuielf familiar with them. For- 
tunately for him, it Li not nrvctsary to umb-rvtand th« 
details of their constru'-tiim: he neo*l only know tbo 
rut*** for using them. I am now going to show, by nuiuot 
of k^oui.. dlugmin-. tlw d^i Ulious of the tm-on ftwi IU 
rbenn-tii*al orbit, in u lorh, */ i i»ur»e, • rror* of n!i***rv»*tii»0f 
arv- iniludiil. Tlwi flrst t»o Midi's; exbilut tli< ivorage 
df<viat>in of the inn ion fp>m iw compute*! plnre for the 
l»wt <^ iitiir> and a half in kmgitude. Tin- nvTagea oro 
tak.ui over |«rrt.«N of H I «hiy^, and . a* I. |».lnt <d tlwcour- 
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tlutMHtN line show* om cuch aTor&ife.. The dot* aro the 
results obtained by Nuwuomb fmm ouuultatMins; tht* 
a>OTW»fl for thu first uootury aru taken ovur periods of 
mouraJ years, and in 111* l**t suty year* over evory 
jnar. 

In both caws tbe uiDn theory and the unie value* of 
the constant* have bum used. Oidy one empirical tuna 
hait bum take out— tbu louiM*elod fluctuation found by 
NVwwMub having a period nt 27U years, and a omifiorh-nt 
of III »*e. 1 -.hall toHow the deviation* srith thin term 
inch idod in n moment. The first point to which attention 



from tbu Oruunwieh meridian uUervallons am! those 
diluent front ooeuluition* gathered from oWv*biriw 
all over the world. There ean bu no dmiht that tbf 
IliU'tuatiorkSaru real, ami not due Mt-miw of tdwttrvati»u. 

I ham not bum abb? to aorouut; but I have reason* lor 
thinking Uiat tht- difference in mainly due to errors in the 
■occulta I Ions rattier than in the tnorwlian value*- In tbu 
la*t sixty y.nrs the dirTon-nees Ueomu comparntivuly 
small, and the eharaetcr of tbu deviation of the iikmmi 
from it* theoretical orbit is «^l marked. This deviation 
Li obviously of a norMi" charaoU*; hut att-u.pt* to 
analyse I* niw or two periodic terms have not rout 

U'itll SIM*N«t*. 

Tht; number or term* ruquired for tbu purpo«* U too 
cr«*o.t to allow one to fori tlmt they ha>« a real existence, 
and that they would combine (a roprv»e«it the motion 
in the future. The straight-linn character of tbu devia- 
tions in a ralhrr marked peculiarity of the curves. The 
actual deviations on a smaller scale an; shown in the 
next slide. The great umpirum! term ha* h.eo Um re- 
stored, and U shown by a broken lino, Tbu uootinuous 
Hue- reprwonta tli^ Ufwmwich meridian observations; tlir 
dots arri Nuwuomb ** results from the ourultalioiw U'fore 
17oO. thu date at which tbu meridian ol**un*tions begirt. 
With a run- slsrbt amount ..f rumsilbine, »wp<vially sinee 
1*10. tho- diagram may I* consider.*! to show Uiu actual 
deviations of thu rouon from its theoretical orbit. Tbu 
iiwil *lidu sboan the avuracv vbIulu of the ««-»*eoirh'il>' 
Hhd uf 1Ih> iMjftUitm of thu purii(utv Tbu deviation* aro 
thin«ii from tli»< valiMu whirli I havo obuin^K It w 
ohvioim at onue that tb*-ru in UttU »>t nothnur. s>it*mat io 
atiout 111 mi; tliry may bu put down alnunt uaUruly U> 
urnnn of ol«tt*rvutinii. Tbu dinuuiKliiiuc tiW4|fliiwdA of 
tbi' <|»'M*4mhim *m Uiu*' e<H-K mm i« food <ivmUoii*u for this; 
t lw aoirurn^y uf tbu olw*crvatio*tn hu liU-adUj* inrreosud, 

Thr< *-u» ffii'imt of thu t*-rni on wbirb Uiu ureuntneity 
dupumh u found with a probuMu utmr of 0 02 hw., and 
thu iPjriiofi fnuri 17M> to IH.%0 give* a valuo f*ir it whiuh 
iu;r«*« with that iUIiiuinI fmm thu portion I KM) Ut 1901 
w idiin 0.0 1 M-i 1 , Thu 4»f*vntriuity U tlio constant whiuh 
is now known with tlio biirhmt d<vruu of auuuriM'y <»f any 
«»r iliiw*- in rhu noMin * im>li<<in. For the |M'ne»-«' f-hi-r* wn*< 
A dklft-n-fii^t frtmi tin tbiins iti-ul ir^vtion wbic-h would 
have rntiMud tlw hurizontal av<Tnffu in thu eurvu to btt 
tilt^! up orw- end over 2 above thnt at the olb**r I'tid. 
I have lukt-n tlii*t out. uwHImuc it to a wrong value for 
Uiu uartb'M ■•lliptiutty; the rmiut will Im- ajjain M»rrud to 
I:i1»r. Tin- a. tual valiut obtains) from tbu omvrratiiinii 
ibunn«']v4-i hu* ln*'.n ujtil in tbe diagram. »> tluit tlie 
dovtJttionH «bo«u aro duviation<c frrnn thu <ilwrvxl value, 
The iwtl ultde *Ut>»* Uif d«'VUVHoiN uf the ii»»*ri hi' tllia- 
tum and tlw iii4tti»m of tlw nodo, iut w»41 tu of tin? mum 



In lli'w Ibu obwervatMih* only run fmm IM7 

IfKil. Il did not Mourn worth wlitle Ut otU Md tl i luu k 

to I7WI, for it u evidmt thar thci errors nr*i mainly 
Mt-ideiitnl, and the munn result* nirruet] *» el'inuly with 



would hair Uiu |p»lmil by lh- lio* of \\\r rngeh 
A4-*-ur*tt- oliHf<r\alionM inaib* liif*»ri \SA7. 

Thu tluuruiiital nvotHtn *if tin- node diffVrt from it* 
f»hien*y| value by a o.inmtily uliich would htiv* 1 (ilt^l 
ilpoiie end i«1 the u*nr hto- aUiut 0..1 ft: *km\v tluoflor: 
I In 1 I.>|mKIk hih »ilojiUil in tbu ua*i of tU- jwritpv will 
jUN uunt for tlu- ilirT»-r»ni-i'. Tlie mmn latitudu eitni- i* 
int<'nitinjr. It should nrpni»rtit tliu m<wn <b't ititiiiiH of 
tin* moonV iM-utur front I ho Kehptiu; but it *»*(uidly 
n'pri'Mittx tbe deviation* from a plann i*-u. Ih Iow Uiu 
Kfliptiu. A ^iniikr duiiation wa* found by Xewcotnb. 
( N'rtain pnriMliu turnu Itavu aim buun token out. Tbe 
ex plana! ion of these terauJ will bu rufum<d to dtr»ntly, 
Tli" nut rtnult <4 tbln wurk i* a det*<mi nation of thu 
cm t iiMTAnU of ooonntnknty . inulinalHKi, and of the position* 
of the perigue and node with prauliual certainty. The 
f tbu puriifuu and nod« here atrrt^ »'lth llwir 
valu« when tho »ew vtdiN< .»f the «^rtli'h 
elbplW^lty U u>ml. TIia only ouutamlinit part* requiring 
t'xplana6oo are thu deviations in the mean longitude. 

If inquiry i* nwl<o as to the deifrot* of aecuwy wbieh 
thu usual Btateaieot uf tlw icruvitalLui law ImvoIwm, it 
may U. Kaid (hat the index whleh the invnrMMuiuarc law 
iMHitaiiui do»« not differ fro^m 2 by a fraction gruatrr tlian 
1 /100,OnO,0(N). Thit u deduoud from tbu afrmtnuiit bu- 
twocn thuobmrvud and thooretiual motiotu of lh»' i^ rlipm' 
when we attriboto Mi., nuun ..f tb- dlfT«r.-ii«« found for 
ilii* motion and f-u- that the iwnh- to » d. foMiv.- valuo 



of the elliptieity of the earth. I liavu montionod thu muan 
dcveati.m of thu buitudn of tho moon from thu Ecliptie. 
Tburu arc nlto periodic tumu with tbe mean loncituuV* a* 
ancmoeot oueurrimj both ka the latitude and tbu lnnfri- 
fudo. My ftxplanatioo of tho** wa* aotiripatod by Prof, 
llakhuyfcun by a fow w.*»U 

Tbu term in bmin'taidu had U 
irf <Jrc*«wieh ohsurvatiom. om- or 2« and tho oth*f of 
21 >u*rM, by vanStuenwIjk.aud IW rtakhiiyfwin, puttimr 
thifc with tho de>viatioib» «»f tbu nvoan Utitiide found by 
Ilantun and hinwulf, attribut.»d thum to *yttumallc ir- 
thu moon'* limU. What I have dono i* 
to tlnd <|) tbu deviation of the muan latitude for M 
y#ar*. I.lfi a ijurhxlie term in UtiUidu tmrn oh*<'rvat«in» 
oovurinn >Vi yearv, and 'iit a itoriodiu term tn loneitti<)u 
from ubourvittioiia cuvwiu^ 150 yoar*> thu per»od Uiimr 
that of the menu Wcurttudu, 

Furthnr, if to tUw U Jul- 1^1 Nowuomb'* duviati»u« 
iif thu ntiuan latitude derirod (a> from inununiotiA and 
(b) fnHn immmiotu. wu have a «*riu* of five ft^nrate 
d'ttorutiitatuMj*— wejHirnte bwaiiw tbo weultationi are 
derivi-d from jmrtK .if thv limb iu>( wholly thu «arae an 
thiMii uaod in nuridiau ctMervatiomi. Now all tbusu> Ki*^ 
u^onsixtunt sha|te to thu moon's limb refurrud to lUeenter 
of jtajiti Thi* nhape a«ruu* quulitatnuly with that whiuh 
may l-i duJouod from Kruui's Iheun-- I throw on tbu 
flcroro taxi diagrammatic repruaMntations of thrau imyu- 
laritie* obtainott by Dr. P. lla>-n from a lonir wrle* of 
actual miwuru of tbu huirhtji and depth* of the lunar 
fttririrtlloni, Tin- next slide «bow>i tbo ttvutrmatir ebar- 
acU<r more. ctt«riy. It u from a paper by Kraiut. It 
does not &hoa- tlwi rharai'ter of tbo hrijrht* ami deptliH 
at tbu limb, but we may judge of these from th«- e*<n»ral 
eharai ter of U.e li«b and tow arua« of th.;- iwrtimui wliieh 
have bu n muatunil. and whlrh onu*nd near to the* limbs. 
I think thcro can l»o little doubt tliat this explanation 
of thc*u small tumu is eoxm't, and if so, it toljiphe* a 
sallnfio'tor}" eau!«uforu uumher of puuJiuir ut«iualiti» *. 

Th« iiKi«t lT.1«TW*linj: foaturr- of tht* r*»ilt in the nmeral 
shapo of the imniH'i limb r«iative t>i th* umtcr of mau 
and its relation to the prineipUi of b*ostai<y. Here •>» 
i*ue with mmu deflniUDutM that tbu nhte of thr Mtutlieru 
limb tn emural in further from thu mnun'm oeolur i>f majw 
than tic niffbem, Heneo w- mu-l .^onelud.- that th<- 
dmsity at \e**l at I he «-riwt of the fornwr in lew thuu 
that of thr I at tor, in a«*(<ordanee wi(h the. iH-inelpI** nw'it- 
lloiwd The analogy to thu fiirur*- 4/ (he toarlh with its. 
nuu*k>^1 land ini'l w» lu'niwplwnut |*Tliap* worth point* 
iag out, but the higher ^rouiwl in llwi moon is nutlnly 011 
thu5outb of iU Equator, while that on the earth in north 
Unfortunately, wu kmiw uotltiiur a*toUt tho otluT face 
of tbo nioun. Nuvertbele^. )t »«**m« worth while to 
dirout (hi atlentitn of ^M^oi/thtA to facts whim may 
ultimately havo wirae uo*>iiHipvinie appl^atHinK. The 
arflnmomieal dtmi-ultW-* are iinronlinlu: lUffrtrcnl oin 
r«« llotw for nuridian olwervati.ui^ In latitude, in loutn- 
tud^, on MoMtUic A. for o**«ulutMiiifl and fur thu photo- 
p^aphie methixl, will l«u r*«|uiriil. I next tnru to a ques- 
tion, tlie I'hiuf interest td whiuh is jp^xlelie rath** titan 
iMtrooomieal. I have m*nitiiwc«] that a n rtaiq valiu- of 
tho oarth *. elllptlrity will make tin- ob«-rw<l mtrtioiw 
of thur purifCrNt and ihmK< aervo with their tlunruliral 
values. This value u 1 2^1.7 * 0M. N<iw H-'lm.rfu 
value ohtjiiurd rmtn irravity dHi-miitiafAoriK i* 1.&IH.X 
Tbe e»nfun*n<>< »r Nautical Almanae l>ir»--tor* in lull 
adopt-.! |,'|,3!*7. Tlw u tbi» a cy.n.tdrrnMe diserep- 
aoey. Other k\ iiieiirt., bowover, ran U; hmuichl f»»rwaM. 

Sol Iihik airo a seriu* of simutlanuouK ob*i-rvati*th* at 
tU< < *apf and i irrefliwieh fMwurvatiH-ifK wan madr in urdt-r 
to trbtain a n«iw value of Mm* muwii's parallax. Aft*«r five 

the dio-u^i.m of whiuh j?ivr uvidunuu of lln-lr •wllum*. 
Mr. OoiaiiH'lin , if tbe (im*nwi<-h Ob-»rvator>, who 
umbrUH»k ll»to« dim'U^rwin. <te(»-rmin*«i the dli|>tieil>- ttt 
tin- eiirtb by u ^Kii|Hiri>Mm Utlwiim tU- tluvn tv.-al and 
ol»u«T>tMl value* of tlio iMindlax. He found an •flbptletty 
I 'JIM. 4 f l.o rbhouly ajrru4«iiw; with that whteli I have 
ohtaiiuil. k^iiuilh , Coil. Chirk*' V vnlu*- obtaiu«<l from 
fivodetiu menxim-ii aa* I , *Jli;t..V Wu have thiut thw quite 
difTereut deU'riuinutiotu* ran*ritiK round 1 "J04 to m-l 
AtfaJiiat a foitrtli dutermiiiutiim uf 1/itW. Tbo ti-ntt In 
thu latitude or th»j mo«in wbl<-h ha* o(Vn U«m itw^l fiir 
thin purpoMi m of liltlo valui* 00 a«-ount of tho «*oeffl^»ent 
brine alio dupnnduot on tbu value of tbu obliquity of tbu 
£ultplic; Hueh evidunoo as it preiwute t* rnih-T in favor 
ut the Ury.-r vtduu 

I omit Hill's, value, obtAinnd fmm (rravity dutermina- 
lion-t. WuujMt it I* ohvkiusly too la rye. Here. Uien in a 
d.fintto Ijchiu. To Katisfy tbu ubtoTvathw* of tin* mmui 
in at U*n*t tlu-ou diffuruut port*, a value lutir I ;2M iiiimt 
bo used; whit*, (he valii* mo#.t carefully found from 
irrnvity dettirmuiationt. is l '20a- An far an aalroaiMiiy i-» 
tvtiuurtitil, tbe nvjoa is the iwdy bndy for wbkh a wnni t 
value. thu «in?<iant ui ini|H.rUnt, aiwI it would mwm 
inadvualilo touwa \alon which will uau«e a disiurrooiurnt 
between thoory anil obm<rvntion in at b-ast three itifTiTunt 
wayi. It ia a quuMtbnn whether tltu o«iafi'n-ttiM' valut' 
Kl^othl tv>\ U- fhaniMl with Mo wh-nt "f the new lumu- 



In liKikinc forward to futuro dot«rraiiuiUoiui of thin 
uoiiMtftnt, it f»ouros to he quito poasiblo that diruet 1 
servatinnii of tlui mnon's parallax are llMy to f 
at least as accurate a valun of the earth's shapo M any 
other itwtbod. Thw can bo done, I balicvu, much butter 
by the Harvanl phobigraphie method than by meridian 
obHurvatioriH. Two identical tnstrumraU aru adviaablo 
for tbu beMt roxulu — one placed bo the North em and tbo 
other in the Southern Hunuspburo. from 00 dug. to 90 
dei' apart in latitude, and an nearly aa possible on the 
«aroe meridian. On ni^hl* which arc fine at both nUllon*. 
from flftevn to t.onty pairs of platea eould W obtaiTM«d. 
In a few months it U posnililu that some 400 pairs murht 
lie obtained. Thute rhoiild furnish a value for the. 
Ittrallax with a |W»d.a»tWi error of about 0 02 sue. and a 
value for tlie ulliptHty within half a Mftit of the de- 
It would be "till moh- tftterostimr if the two infltrumMnts 
could bo fret up on meridians in different parte of tbu 
earth. The f'apu and a Northern observatory— Upsala. 
for uxamplu— wteuUI funilab one «*■; Harvard and Ari- 
qu(|Ki or Hantlaifo another. If it wroni poasihlu to «jnm*t 
by thaneitlati.m Australia with thu Asiatie eontlnoot, a 
third could bu obtained near the meridian of Hrisbaao; 
or. aereptinjr tlie obsurvisl parallax and the carth'u 
elliptielty, we eouhl llnd by obtorvatkm tho Imicths of 
knit' on tli* o&rtli'A surface with lush accuracy. In 
any <a**\ I bcliovo that the time must shortly < 
the jibotofiraphic method of findlne the moon's 1 
should U> taken up mom extensively, whet bur it be used 
for Ibu determination of tlia moon's parallax awl tho 

The Greenwich mnridian obcenatioaa have been, and 
continue to bu. a wonderful storehouse far loriK series of 
observations of thu position* of the son. moon, plan*U, 
and flAT*. tn tho United States. Harvard Olwrvatory 
ho* adopluil thn plan of tauurins; uoutinuoos photct>r.iphi>- 
rt<cords of tbo sky with particular reference to photo- 
metrir work. Under Prof, iVkenr* it wiU also uootinuo 
the photokTaphiu moord of the moon's position a* long 
as arraiur.'inenU can be made to moasuru the plates aad 
computo thn moon's position from Uiusn- In spite of the 
fa-rt that Harvard Observatory lias undertaken to eon- 
limn, for tho presuol the work of photo*rapluu* tho 
nnsrti's |MWtioit, I U-lktva that this mutho-1 should ftnd 
a permanent home in a national olwrvatory. It has 
almswly shown itaulf uapal4u of jifodiMung the acuurany 
whiuh tbt. U«t tmsioni olwn ation* of (int-nwleh can 
furoub, annl m> l»i«her praise need bu iriteii. If this home 
could lie f«mnd in thu Southern Humiipboru. and more 
particularly in Australia, other advaiitatres wxiuld aocnie. 
Hut wu should look fur more than this. 

In an olH*ur»»U»ry wlkowi ttrst duty mkrht bu the seeur- 
iue of tbe U«it dally records of thu sky. the positions of 
the sun, stars*, planets, a 000 pie uf |Jates of tlie moon 
on uvury night when she is visible would be a small 
niaMur. What Is needed Is an iwKanisation so coti- 
Hlrueu^ as to U. out "f the reach of chancing (ovem- 
mrntal policy , with a pomianent apl*ofiriation and a 
staff of tbu highest character ruinoved from all i>olitiual 
liifl to'u^t, It could render immense scrvHHt to astroDt^ 
murs. not only In thu Kmi]«to, but all over the world- 

I havi- «hown you what tlie outstanding residuals in 
Ibu moon's motion arc: they consist mainly of lonac-period 
lln« iiiatK'Q5 in tlie mean loruritude. 1 have not muntioned 
the hi*ular uhunjco*> Iweaum* the uvidunuu for them doe* 
not rust on irssleni observaUons. but on an^iu4il nelipsi*, 
ami rh»*e are matters too debataldu to diatfiiss in tbu 
limited time allotted to mu for this address. It may bu 
said, however, that the only Aucular motion whieh Is 
eajvablo of Mm; .b.tunuined'from tlie nuxtarn observa- 
tions, and is not affiled by thu dtsouaoion of anuient 
eulipsos namely, the *cuular nvdkin of tho perijfue — 
acruus with its theoretical value w«'ll within tbe probaldu 
Willi thi^ remark, I p**s to the umpirie«l l*-rm» 
■ unexplained diffurenuus bulsruen tlisorj' and olv- 
1 may lw ». [mr»[cd into l»o [«««. Vint, N>»- 
uwiib'» Utiu of in-riud botwwo VM) and ;«00 yrm. al.<l 
twfllfl«it \3 «■•.; »d.I. m. jmxI, Ihi. aucluitiuiu, wtilc-h 
ft|.(H«r U» hnw »n ft|ijw.»».mat4! period uf 00 U» 70 >«»r». 
Tbn f.miMir a|>|K^ir« to W imtrr inipurtaul iImm th» IaIlt: 
bat from the invatigutur's pouit nf vipw it i» li« *>. 
Th* futwi ihmdi «o th* *«t>* at int-Uutiua of th* 
f.ir># to lb« tirv lltii' »r im Iho ciirvatun!, »wttrtlii>e 1» 
tlwi hypotbn«fc. nuuto. In father Uie Hbort«r-|Hinnd 
t.-mi in murli n.'jn' xtriki:.i;, :»n<l, I K*vft jioictcd out 
•>ii Mivtral (MH'ulumi, ll la inuch more likely tu hwJ to 
tl» «mr«M (A tbow t«»» than tho loncur pvrtud. It I* 
njfco, at U*j.t for tbo liut iiucty yv«n» miK<). li*tt«r d«t«r- 
tninfd from ohieratioa. uul in not liWy to ho coo- 
fi.unJ.'d with tmkno«-u n^nil*r ^lAngoL Vuiow hj- 
rM*lli.wi» rmvy b«m julvwujod vitlun tbu last fvw jirtn 
in ai-i»iuB( for th»r Urmi. Some of tU«m ptnluUl* 
mattrr not din-tlv otmirvcd, or ruftltM with unknown 
••oriKUrila ; otlirri. drvi»t»m! nf tho Nnwtonuui l»w from 
il. miii-l i*\|iriMt(ii>ii; .till iithfrji, noiMmTitaUoolU forer*. 
M. S| nimi.ul cunniion. a vurifty of vm** at ialn- 
liluiw.lt. »nii •rriv<-ii at tli^ . 
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with that nf Mi-reury. .Sum* tiin* ago. I mmhml llw> 
sams- tiv|n.lli«u«, anil arrived at similar nnults 

Th" smallest planet with ihmHy four limen that ai 
w»l»*. whi. li wimW i-wduss- th* limit inequality. mu»t 
liaie a disk <<f luarl.v 2 see in its tmnut aeruM the mill. 
*nd a still lurirer planet auuld In- iwssrasury to |ir»Kli>r*i 
llu- shsirter-periou tenu*. nut olswirvali'Huil atteaijYU. 
inu-liriiUriv tins- maslr by Pwtiiw and Campbell, have 
al.al* luile.1 t.> <!• t.s-1 any »ieh iilalwl. arid Prof. Oamp- 
1m II u nf il»- .i|>miim thai » Inidy with s>> Unci' a disk 
eimltl liatslty have Iwn ..veri.ml.rd. If »* fall Isacli on 
ti swam, instead of a «ln|(le lx«lr. »<■ re|Misfe une iJifBfUlty 
li> tao. Th*- llirlil from sueh a saarm wnsild be greater 
Ihan that fr<ini a single boily. and uuuld therefore wake 
del -eliim nnsre likely. If tins ssvarni »<rre mure dlfliwed. 
»«• iwollllt.T tlMi difficulty tfiat it would not be held 
toKVllwr l.v its own altraelian, and »ould Ibnmfnrr svun 
araiier into a ring Ssieh a mat eannot give 
. hiuiK.* nf tlx- kind required. The shading of gravitalnui 
l.v inirnnsslnir mutter •■ g , at the timi-ofis-|l|i«s»i hw 
Ins-n examined by Mottling"'. K<w one rwseon alune. 1 
l.li.n this i> very doubtful. It w dllKeull to see liow 
im |ii-riudi"ili"» ran be prwlined. The periods sliould 
L- isimiiiiiatKio <d those already press-nt In ihi> moon's 
motion Thi: sixty to nvveuty years' flueUiati.Hi stantU 
our in thi» resp>»l Ins-ausr im period I« »i» anywhere 
iisur any jn-n.nl prvw-nt in tin- imam's, motion, or any 
tiDitintil*' tsinilmuitiiin of tlis' moon's period*. Indmsd, 
|>r. rloltlingrr's rune shows 'hi*: there r* no Irarw of the 



four years ago. I ramim*! a number of hy- 
jn.lbrees Tils? motions of the maglsetie fls-ld uf the narth 
mid of posiulatwl fields on On' moon had lo b* wjocwd. 
tnallilv U^auj)! thi'y c«iid)hI impneiblv lmf.ia>«i in thv 
tii.nn nu.tion of tlnr |K?>t.*. An Equatorial fUipiwIty 
ol th<- »un'« maw. romhiiM-d with a roUlion period v»ry 
nivrl) una month in k'njrlb. a|>|war«l to be tlw hwt of 
lli.w hyiajlbnca. The ob\loll» objeetiuw. to it an', 
rtrxl, that »aeh an etllptlclty, imalt aa il ran be (about 
1 •Jlt.onO). in ditTii'ult U undmiand on phyaieal iroundii, 
and. seiHBid. iIm< tb)i rotation period of the nuetrnJO wbieh 
murlil hr mpinMd to pofnmo llut clliplio akap* in the 
«un'« KUiuatw i* a quantity ahieh ii «o doubtful thai il 
furiiiOi.-. no bilp from oiWvatkiQ, althou((h the oU- 
anrwd |airioih are wnll within Uie roquirod luniw Dr. 
Hale* dUraverv )if the nuMmdic field of the «un ej of 
Mili'rexl iii thu eonneelion Sueb a field, of non-uniform 
«li>nifth. and rotatinit »lt)i tlw nun. in inalhemalkally 
exa)>tl> equivalint t-i an EquaKwial vllipticily nf the 
sun n maio. «i ibal thr hyuot*n«a> mi«ht ttand fmm ittv 
mathematical point of view , the exprwuioo of the Bymholi 
in word) lu inir nlone diffiTent. 

Thi- liui |wMixlii')l hypothoiii i> Hint ol 1'rof. Turner 
who ai».unii-« tloit Ih.' Lirnuds ha>e Unite ma»», al»d that 
a l>ltr ««urm "f tlw m |Hriodirally ituturlni the moon m 
tin- ortiit* <if the )«rth and llw> «wann inter»rfet. 1 had 
irr. but ri-jected it I*)- 
i ii i xiitained the stra«ht4ine appearanee 
■if tlw enrve of tlui tualionii, one <if the mo»l Imjnrtant 
•4 ihe . hniiiD") of dtrretion lit th» eune a« mil or- 
isii.ntisl fur. We have lllv furth)? diffieiilty that i'oii- 
mimiuI .•n. oiinl.?. Willi llu' earth will -l.ivud the »« 



nlo„e it» .ffl.it, ... thai tbe .warm with thi. idi* nhould 
i.e a htli. arrival, anil it* perimlie i*tl on Ibe ini»m'» 
itioliuii ..( .liiuiiii-hini: amplitude. With r>«|»et lo the 
lull.?, tbe ulwrild ll.ll|Jitlld.- trim* ruth)? t" hale 



Tlw main ol.je. i».n to all th<w xh«v> iiinwl* in the 
fiiei iluit tbey »tuiid al.wuv there is <y yet litile or no 
.•..IhitiTal evidenre fr.Mil »tll<* solirom The dinVillly. 
in faia. i» not that nf <iii.lin|( a hypoth.«u to lit tlw faet». 
I.ul ..f wl.s tiiie one out of many. The but by pndi.*i« 
whieh 1 kI.aII ni. otn.n i» <.oe whwh U" l«' deltiute than 
the ..them, but ahieh iw<-» ai»iM«r U> luive ».m» cviuiwe 
in ils fav.ff. The maiciwlie for.*.'* menlkmeil above were 
ehaneeii in the direetkini' of annulled masrnelje flebh. 
If we uwinie ebnnR.a in the iiileiMttiea ol the neUlx 
tliMnwIn-a, we avoid the diOiruhim of allerine portiona 
of tbe un>.,ii'> nw.l»m oIIut than that of th)' menn nuitnw. 
We know ll.al the .arili'i ma«i»)-tie Mil varw«. and that 
the .on »u.» Kiieh a field, and there l« m. inb)?enl >m- 
l^iluil.iliK iu iiilril.iiliin; ■•imilar tlelds to the moon and 
llw plum is If »eao<iiiiw llmt vuriutioiis in Ibe Hin-«urll. 
of ih.-s- li.lds »r-i~. ill Ibe «lu and an- .soiiinilii 
l>„. ..iher the Solar Syslei.i, we «h).uld 

lliietiialauu hatine tlw «uliw pirual and of the saliw or 
oti|MH,il. |iliiiM- ( le.it .lilT.-rini; in miurnitude. 

1 1 tie iH^t.ni. h ..f inlerest to wean-h for lluelua- 

li-.tts ... Ho i„..r^.n. .rf tlw panels similar lo that f.K.n.1 
in th.- moon s nrhu The material in available form for 
Ibn. purprHe Is rather rean'v; ll n.s ds u. b>- a kmc aeriea 
..f ohs^T.aliioo r.sliier.) on a unif.ffni pUn Tbe l.e»1 
I kre.w Is in NYwiMnih'i, "Astrommtiivl < oii»tunts " He 
K .v. s lloe.- ill. inat. riiil f.ff ll.e .arlli arran«tisl in ifr.mp« 
..( .i few i.*rs at a lime Tin will, fur M.nury itiveii 
f..r an.i1li.-r pun"*.. . 'i-o al-" In: i-vtraete.1 fmui the *ftuw 
|ilae.- Kor Venus uu>l Mars. N) u.sinili unfnrtunatsly 
prim..! ihe iwnnal )qimll..iis, frsmi whieh be ib- 
lbs: eon»laiHs of th • urbit. < Mi t" 



a slide (see map) whk h exbilotn llw inmiiHs f..r 1 be. 
tUrth and M.-miry .simparod wilh those for llw ino.ni. 
In the uppermost eurre are re|ieodiwed the minor duetua* 
lions of the tnooo iths.wn isariier; the ses'ond eurve eon- 
laiiu tbiwe of the earth's kincitude. llw third, those uf 
Mereury's loturilude. |Hy aeeident. llw mean motion 
eorreeluin has hsen left in the earth curve; the ireo line 
is ihrrefon- iD. hn.sJ iiKtend of la-tug hornontal.l It wiU 
be noticed that (lie »»lr« are different , and lliat tb.. earth 

curve Is reversed. In KpiM' of III.- fas-t (hill Ibe l.ndnible 
errues of ttu: rssiulta in tin- m.-oii.I and third eurvi>s. an: 
nut mueh lews than their divergences; from a straiirht 
line, I think that (he convlali.m e.hibllid l« of -.me 
•itnirleaii. e. If it Is, have berv a force wh.nsc |»ri.Kl. 
if perMni in tlw strict ss'ime it Iiaa, ia tbe sanw as that of 
the effort. The lalur is not. then, a reaonanec from 
uumlHOatiun with another period. We must, therefore, 

Solar Sytem, and afT..lin£ plan.U and satellhos the 
Mlac way, but to duTerent d.s^ri'ssi. Tbe lowe«t eurvn 
In all old frieod — that of Wolf's sunspot-frequeucy — put 
«h»r», n„i f>? ilmi nwD, l.i.i lw<-niii)e llw known .sui- 

neetion for the hut sixty ). sirs lwtw.s inapol^ns^wney 

and preialenee of nwneiis' disturbance raalnk-* us with 
fair probability to extend the latter bark to 17"s0. With 
some clianire of phan*. tbe |s)?i.s)ln .nf Inch anil low maxiina 
esim-spond nearly with the Itu.-t.iatiinnM ala.ve. 

The devcn>> i.ar ox-illation is naturally idiminalisi from 
tbe irroup nsiulu for the Karth and Mercury'. <bic miirlit 
expert it to lie present in tlw lunar curve; buu owuie (.. 
its sbsnrter iwri.nl, wi. should imnliably not obtAin a co- 
emeient of over half a **eoiul. Kotwithi,tandinK this 
fact, it ia a valid objecliisn lo tbe hypothesis tbat ther)* ' 
is do evidenw of it in tlw moon's million. Hcanons ttiay 
evi.l for (Ills; Iwl until the m<« Iianisin of tile artiisn can 
Im mad), more d. Kliite, it is iuusllv as.rlh whik- lo hi'lalmr 
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thr poinl. Thr hypollw^i** iirwfnl" rtmiiy illfli* iil(i<H. 
Kvcti If »m» ■« t|.x|Mr*j>i| Uf *mIi»i.1 pm.ionunJly u r».rr. lu- 
tioti U-twiH.it ill., f4»ur citr..«* nnrf thi* u t.» i.mi- 
••.N-rnhli- iliHiht— it in difActUt to uud round how. iindiT 
tin* »*l»"tr'tn ..Mwjry «if iiutirn* Ii'' "t'lrnir.. the nn»tioiw ttf 
miMtn *n»l jaintu'lH rat, Im- m-jikiMv »IT**~I*«I. 

I *m pfrhaiw. rati .liiikf j.1 ntrawn in ulimiiilimr ton lutt- 
m.. uavh dilT. iMi. |iliriM>nu-M i 
wbrn wi* ai>- in tin- pn-vTH-c «»f 
pirtnt* »r n«.'ni..l*iv-».. «n.| wl.i. h |it. k ill*. im^rU «f 
hjikIv*u intoMfriri i^ rimlk- -.^ii. ii.-.*, wmu- lnliludi- may 

In ontv-lu^m. wh*t. il nv*y w^l W j^k.il, I, Hie fiitun- 
nl thi- lunar ilw.r> in»w lU. ifntviuiiirfiitJ illW-U 

*,>!►*• i it t» Ii*.-' lin n itrfiMitsnnit in un-h lU'tail that furtbfnr 
nun.»'rM'*l work in tbv theory is not \ikdy to advance our 
ktvrwlcdici' ifut^rwlly!* What iruod jvurpow it U» 
he nerved by L'tnitinit^ur olMH*rtH(li>n of Oil' .noon ftiid 
••omt>an*u>ii «.llli thi- 0»M»r>* I M&>Va> tti*t the anww. r 
lien inJMtilv i'i th* invotiifsiiirn i«f thi- tlih'ttmtM>D!> almuly 
nunliiHinl. I bavi* nut rvfrm^l to <itl»T |wTiiwl>«' tk-rmn 
whii'h ha.*- hrcn f'ltind. Im^ii'I-w < It-* ul«iTMitn»ii*l < vi- 
cUn.'i* f«ir thi ir mil v\t*u -im n *t* mi f.niinl^i ini.t h 
su-furv. TIii-m jui'il t«. in- » MimiiiHl nii>n- i-iin-fiiJIy. 
aik«l tiiir. 1X1111.111111 i>m miist . I llnnk. <1* p- ml nuiinK >n> 
futurr olrM-n'iiitfM^ nvthtT ttm-n Hh> r«<'»Tii- **t tl>»- 
<>nl> Uy llw er.«ti-v» «-an in nukLine tlx- .ih#*Tva- 
lli>hH, and in iliniiiiAtinff tv5.trn.ntir and »tlw* vrvtr* 
fr««n tln-ni. run th-i-si' niatNiT !«• fully flui'tdiil*il, If 
thin ran he a"hi* >'d. aitd if tin- u- w ih««.r.v »ml talil-n 
m'Txv. a- Ili4'> nlmuld. In I'liiiilnut*' Jill tli« kin»wn i ffi i-ts 
<.if Knkiii»rk.iri, *h*U Ut in a |xiktti>ni ti> inv^tij*ul<* 
wtlh *tmi>«- (xir.tid. ni'i* lli»- <»t!irr fon*i** whh'ti witu (*j em- 
at wnfk in tin- S-»lar Sysd ni. and at whirh *•»■ n»w 
only piwu. 

Ai-»-talK-' hIi.hiIiI I- inlirrtl.il 1 1) ».U.TMilioiw 4tt \hv 
muii and (ilaiu-t*. IkiI th' moon ix nt*iir.T»r Ut ha and In. 
rhw-Hy <m that m-<'i>unt, the Ki^t iiifctniiiM-nl fi-T th**ir 
d»-Krtiiwi. I>oul.tii-v> otli.r ia\*^lnp»ti«itv- uill iu%*> in 
i\w ful in Hi t i»i.- Mtlniku. .J il.. known |>nr».|<-m.- U 



nidi to hr MJUfcht. and Hit' laying ixf ihr I'lrjiiiii^-tfirw' on 
tlw tilt fii t- r»*ni| IhrirtiKli \i t v L**i iw» r-niiirn* rann<>i 
In- n > nr. pie mar Ut. 

The Sate of Mineral Waters in the t ailed SUtes 

t\ a tvtMiri l->s.t.,| \ >y ittf I nlttO H^ti'H i;*h,I. rrl.nl 
Norvf) MiiiH- hi!*ri'vi|liix fails im* «lvfu in nUtimi )*• 
IlH' jtfNNln.ll.«i .bf iiiIim mI viutvin In tit* rutted Stat**. 
ffiien wuMi ir »|>]r«'tir» Mutt tin- cull- <if will wutctK 
r.inlu«l tlt»- liitixhuniu ••( tW.t.TI.IMI millMit in lixfi. 
51iht wlili h ttu**> thr rr(u>rtj>i fihitvr tlir liii*iiti-^-» Unit it*- 
4'ivn.wl 111 11H:. to .".Wr7.«-«i unllimv in f*|di*> «.f IN- fii>1 
(lint tin* «vH \A thr *xtatMI<*H lu»- n **\1*'ihI>>] :nit| 
rviMirt- hat^- liti-ii n-ti-lvtil fmoj tin Iuit.^mIh*; )0)int»T 
.if o]ivnil<ip«. \.k .nil? ha«< IM- .lui. ip- IjiIj*-m iila.v. 
Iml iVr*' In «]«.i h ^uil-...- ? a Uwr |.rt-.v. nliirh 

tuny !»• ii,trltiiit«-d to dii-tvAM-d soli-* >if hlirh iHrtinl 
waicrib Htnl lni't-a'«H4il sal« of l»m -.irlfwl wiitt-rs. Thr 
t,-i-Kvr*l t*'lnJilwt-y Inward n ilii llw in prlii' ii dnuhtV^ 
iliu- tn ih-maoil Utt c-xmI jK.rv |Milnlilr li.K1l.il Wi.t-r, 
ut iin«lmit«' «M fn |il»*v "f Mm- f.brnwr d*-iuniii| f.rr 
wali'i-M rt'ii'itiHt (» |kaMm«*i H\i<«'|itttiiiiil riliutlvi- [ti^«r- 
tUvt. |>i<|iiUiiI fViMiilmdli'li ief tin- sttilUtli-s* f*»r iht- 
tmht few )*-Hi> sluiWi. 11ml tlw InMJilliitlidi nf ojiiiiM|wI 
inirllh-nttnii iJiiiic- In s^-vi-rot larei* ittUn lio-i Item f..l 
l.iwiil by iimrk.it iln mi-^ In llw saU«* i.f *)ir..n: wnh r> 
In llw liiinntllate vlrlnlty. mid dinMh-**«« ifciwnil I in 
l>ro.*'iiifiitH In ttM> i|i|j*llty nf |wil<ln* u«i»-r hmt'I'"* hi 
smaller biiiiiIHi^IHIi-- llir.«.n;Ji'«it IU* iiKintry Imin *<liiii- 
Ur|y HlT^fiil tin* Biilhi-Mil-watiT loixIm-Mx nlnl li.l- iim- 
IHt.iitiO In itM- |ir*«i'iil IdWiTctl pri*Iui l^ut- 

W'r, wHh l« rail adfiittiKi t" th-i- furl (lint «e «rr- in » 
|Mx(tl»n In wnder nuiiiieti-iit e.i'r\l<>-« In rverj Ihthii-Ii 
nf |Niii'hl i»r ir.iil*-iF«irl: unrk. (hip HtiilT 1»» <->«m|Hi«f<| 
..f mtfluinlml. i-Uvtrlial .-*in| rtwinlcnl .•*|a-rin. ilv.r 
Highly iraltHil l.i \m>\nre ami \vittk^ntf .-.It l".i. ut 
Idtnit.iin^. lrriMi|i»HUvi* nf thi- roniiilex nnturr «f tin- 
-nihjMt mutter invntviiL or of Hi*- j-jNi'luliJU'iL tri'linlmL 
nr wtrndak' knonlirdKL* n^julrrd tbfrefnr- 

Wf uhui liuvi* an>«fw.*hi1r*x IlirnuiEhnut thr world. «!>• 
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Modern Research in the Metallurgy of Iron — V 

How Wonderful New Qualities and Properties Are Being Developed 

By Allt'Hon S. CuahiiiHii, Director. The Institute of Industrial Research. Washington. I). <\ 



or nil tin- 
DiiiH-rinlN of 

Oh- - 



<»r i'Ubl> eW-uiwitti of which the 
nrrh, »r*> 



osuhIIj Iwjtt lo blin-wlf. or ai lH*5t bp lUrulgrd lilo *t>- 
vrvin only (o )|U own up|Hrvntl('r« mid ImiwdLiK- dU- 
Hi**, With (hi» f-»roi of n-^aitii work w« are out at 




Itr* titti'iitluiit dlttk-ultli**, MH>rn»iu> co«t, bimI dajiifrr. It 
lia* Imh>d. ci'tnj* raUTcJy hnhUiiil. only w ith Id the but 
««.. d.f*di'* that Inlwrulwy n»«mh 
Im* .-.him-' lo the aK*l*Umv of Oh- 
riiiiiU-rxiAii' uii'thml *4 jilnnf wJile InvwtbjatUm. Jt 
mwni lit i»iwv Iwniw n|j]iiir>'h( Hum th* atowt useful and 
th» rlWii-wi rt. N1 i- o|«>»ot1 in- fflt. ro ihft laboratory 1o- 



nn.ii* mamo* of awlnJ nt lilkti Irttiivriiturm J0.0 huiilo 
with n tsuutiftou iiuriHw la rittw. 

.\* hurt nlrtMnly t«p«i Mufci-^rd, otic of the Mtraur- 
-H i itiry rtitirtK-Urffflcv "f Ima dt'|>viMhi upon Ibt fart 
U imph^o** *ri iiltlnlo for tbf ftfiueut c&rbuii. anil 
ri^utiliifM with >mtill ijiuintltto* of ibl» etetutfit Iti nrh 
it RuuiH<r us to o.mi't.'ifly iMuntiv Itjt InVrent thane 
tMlrfln.. In 4itbi*r irordn. troo UlumlVM simI w*»k« |© 
dilutive lit lt*Wf riirt-iti. anil It In thU trniftriicy whlvh 
t«nar» within IW'lf iMlvfiildHtlifi of a modt wottderful 
and »■ xlrannhtwry iu*iot*v_ I ran be*t .□troducv (hJ< 
imrtkiiliir iiluit** of Hit* -iitrfnl by nmkltin rcfc-mnv l.i 
u|i*( U kiMiu-ti to inrttilluri'UlH ««• IlK- Vnrton iron 
i/nim. whirli tun* tNfii AirurAiflv wori.ii! o*it by 
nmrrli *tnuVut>, ami wliSch «- <\.|nl»VM> bjiijw Ihv po* 
nihil. O.-* lyliis; within tlir oiuMimtMi ..f »-ii«t lr.K» <w 



Fij. 1.— The carh*n-iram dittfcmm <Ho»c>. 



Tlu* torm* "lr"ii" .iwl «*ti*«*t " r,rv more in* viitfiH'ly 
rltiT^ri'iilLihil, lititli t»j Itw 1ji>iimii inn! Ill* |i(Mfi-»^iiiii«l 
tiii*4iilliii-j(lHi. Tlv^rvf-trv. 1%-rirt- pti *>-»*»JliiK furtlu-r with 
...ir «.il.>,«. It nlll t- vr^ll If a*. uiKltT«t*nd, nt Ut»*l 
f.T thi- tlw helttj:, Ju».t wbnt iu«u» l»y »li«M' trrin*. 
Tht-ri* in n dlffVri'iw <if otilultia m-u nmoim wrlcttltlk- 
liken win* hare «iN>nt tliHr hrv* In mefiillarck'il rr- 
wnnii tn nicanl to lh«* vxw'\ ik'lhili "f Hi*' wumIh 



i'vit. nut »m* cviii*Mt*r<Hl nniUt in" iiiiitu IhikIii wbUli I 
1 1 tll««l liitfii Isli nt jttaut mihI In iMvrn t-try n*.««*ii rt h. 
W'lwu lu-oM-DHT uml In** i'Kitrm|->nirti>s. w»fiii' tl ft v or 
Mtity >M»rn atP-. nuin-iiriil Hi.- lilrti of tvlU-ln-j: |n>u 



On* otlwr, an Ibf cn«iiirthli*al djiiii 1m rnpobl* of fUr 
hit; hrfiin- un ii bn<nt (nirvlrw of the wbuLr or a iHirtloii 
■>f I Im' t^trtb'* Murfiio*, TIiIk illni:raiz] bun wurk^l 
o4it ttltli Mm- ii 1.1 t*f tlw inU-rnHr>.>i4' iind l»y nuHlrrn ihth- 

iiii tclr iiiHImaIm f.tf ^irlntf liilfli tcuijicraOim. ni*H 

n*. hU'b am tlwu^ known to citlHf In itn- mjh. wild ezvai 
iMTflrary. t«ith Hum "f n-w-awli r«<t>fi«>«4i(itvj; l« h nn*ii 
I'Xtriit a very n*oik-rti «1i'T«-lo|jiunit. 

Tti' 1 ciirt-nt tr-ni iliiiientiu. -norki-tl out In Si- en- 
itrrty in itir own 'lwlliiiciil<li>rd iwUllurtrlMt, IfioirT 31, 
lltuM'. it hIiouh in Klrt. I I'or tli«> aak* 1 of Hlmplfcifi i 
iM.ill of « iN.rtloti .>f tlii- Aintnm in *twwn In He 



t«-l it** tiikr tftn&> in iIik <>iiini».ii il^flultloiiM n» jflvoti Hi 
ilii> ilfa-ILoiitiry, to wlili'h Hit* l:i y urn n of tli** n*«irlil mnw 
r«r ttir»rniiitloii iii rv^artl to tli«- euofliiliu; at I tie wunh 
Mbkt'h In* rui|>1o>». \Vrtwti*r*« Nrw Outurj tlonnri 

fill of Oil! iim-UK uimI ihK m»! aoiborlty ilrrinnt wlwl 
mh n-ltiM-*! Iron nmiUim-d with carlxin. TIm-^p dW-liiil- 
iIimii. whlct tbe wrltar ac-c«f*U *h 1ru«? uiic« ho* It fr»mi 
On* *lJiii<l|Niliit of i\»inaiKrii an«l *rhiitinr lij|tT|*f 

In ll'ii. ImmI ir* iiaiurnlty to tlw> liitnJortloir of tti«» mtl» 

Jifi Ut iII*'n»»<loii 4n- ttiU t^prr. omiM-ly, eamhrit 

roitirib In thn> iim-i nllurr> of trwii unil *t«-l. hrforv 
jn.-iN^Hr.L' fiirttiir tr.H' -nir nib>fr1. Iiowl*ttt, II I* iin 1 
c-r««gir> to jHiiiM* |i»ii|f ••mniith to |*.|nt mil thut rt-wHirvb 
work i*spi t"r t , lii«-'t|l«rl very n*inllly under tw^iuhilc 
hna-lmcH Iti iiiH'k'iii rhrn-K rv«-*r.|i wrk luf" tin- 

nijHllitllfSi- nr lllflallli- Int. Ujin ^.lifltH^l In (I,.- Wirti- 

ilcrrul oli! MiiltbM ami urtUuiM who iwwIurtHl. hr th* 
*"niik*»r HMinK. ■■xanipU'v of Im rtli'iutl M**-l n tu***r quit It 
|U<> ami rhartK-Irr clitillono- tbi> aitmlnit Ion of, ami. 
IH-rlutiv I'viti to itomr extrnt ilrfy tmllDtloii 1i>. miHlcni 
iix-lh.-K .Ml tint tht* iitN-ii'ht art 1-41 n foitml out he 
• It- *.l &.'f.^' !•»»• Knifkllri lutilun \ad puhllalirtt lu IW 




£1 A k>, 

Plf. 2. — Drc.il of lr.n-«rh*n dlaicram. 
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llinl U I«i my. liy liiiiwiui; «lr i 
> ina«< of miKKMi tnH.il. tlx. r\ 
"<il> l»- <1 itMi (bi- fli. i.t mi, ,.f inmiliciitliii. wllb 




I cannot utt |it, ii. Ilir Hiuitml tliur allotli-d to n»r. 

I., rlurtd.tr all llutt II,.- lr..4.-.-»rl~.|i dUicniin ba.t otxtirit 
ilf tu in. hut niiM o.i.lrnl ini-'-lt nltli |H.|iiltnic uilt 

H. tlnr Intrnittlltic Ulid itillb'lit f««IMtv», 

It \t*n tH^n kiimi'ti fitr a lonrf itutf tlnil If nr lirar 
Iimh *t mUi'I itrmluiilty uiiill w.- iitrlvt. ut tlir uirllhiir 
>.f tl.- iuru), tl.,- nil,' ■■( li.nl 1 1, x ii,** l»,l j.n«viHl 
mil f. .nil It lu tl,,. ki,iiip »»>. |( w mnrt nrlth Iron or 
«.-.■] In Ibr moltrii .-..lulltU.n »,| it craillMlly. In 
l~,lli <«i«m. at ivrfiilu nx«l li.mi».r»liin->. rrtardailcir- 
l>i brat ,l,ii i, t— ,»nir. 'rti,— |>.l,ii- un- known n» 
"orttloal |„4iiU" ,,r "rrltlrBl ti>ui|N-nilnrvH." Tliry- an' 
utk|U*>Mt|olml>K «^«ii«rrl l,v |.|iyHlnil rliiinxr^ wtlrrrhy 
hmt U Ml»,r»tr.l Ht llir cTllknl tN.sul. on ruultnic i>r 
llliwirlHUI nfi IihiiIiik Ttw tbrrr [irlnrl[u>] rrltlral | 
whlrh bare t»vn iiihhh-I nrr dl'Ktiailltill at. A„ A* I 
t» *tn amiunt of ni<,U<4.-iil.-ir ii^-rttii c-r 1.^. 
• hliliicri. <»Tiir at lowrr K>ni|» raliirr< no rmtllng ili.wn 
(Im II on hradnc u|>, unlnn tbi, nil.- of linn rluingn. 
lirv Ir.nnltrly -l,m. To iU»tlii2nlui ll«.|n. Ihr ra,II« 
[Mitnt^ tirr uVftlirnatiMl as Alt.. AM. nnd Iff,. wlillr> tbr 

I, ,'Olliik' r»,lnt» lirr wrlllrn .tr'„ j|r'_ ini,1 Al\ So <tr 
rUI.il nrr u,n>i' ,.f Hito rxtninr.llurv ll'>mlloix of 
brat that Ilk*- lrlii|Mir.tnrr uf the* c>,.lliix mnio« aiay ttr 
•••«i ral^Ml »llgli1ly, aiKl. wbrn tbr .:t,»n^r in Id Ujr 
■lark, a midilrii nlowlnj! may l». i 
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ot much research work and Inquiry. * number of theo- 

• - ••»• '■- * i> Vjl Ml l« hat KtM place. 

Th* cotnninaily accepted explanation U (hat Iron rxlsta 
111 at least two. Bud laaudbly three, ullotrnplc modifica- 
tions, anil that the beat which la gliv-u aff or sb 





A very 
In several a 

clwtnlenl constitution. U that of 

I of thl« element la the 
I or a. place of graphite may 

modlllcutlous. In the same way, 
we are to understand that Iron la callable of ex- 
: In different imaUncnlliwB. and that these Interest- 
re simply the temperature points at 
i of form take place. According to 
I lie beat authorlllea. as described by Q. K. Burgess:' 

The question of the allolropy ot Iron. Is spite of a 
raat amount »f exiierluieuial work and pcrhniie an even 
greater amount of llieorlilng. la not yet willed. That 
there la a definite IranaforiMtlon In Iron near WO de- 
grees, the A, point, la generally ree< smiled, aa well aa 
the tact that the temperature of thla transformation la 
by the addition of carbon and metallic ele- 
On boatinir the tranafonnatlou L , la always 
I at a higher temperature than tbn tranaformatliio 
,lr, on cooling. Whether the A, Iranafomutlon la sharp. 



baa a doOnlle compoalllou. when It Dually (raaaaa oat 
fissether 111 a mixture of minute plate* of alternate Ice 
and aalt. which 1* scientifically known aa cryo hydrate. 
Whenever a similar aclicui takes place In the 
nud freezing of molten alloys, the terms ": 



lliiuur and cry-.' hydrate, 
coualltuetil wblcb ia always fuand In ordinary carbon 
steels which bare been cooled Ui the usual way la a 
eutectobl or eulecllc-llke substance, consisting of a wlx- 
mlnute plain ot ferrlie 
When a sample of to* 
la highly polished and slightly etched 
and examined under the microscope, this 
appear* aa a pearly Iridescent subatanre, and Is known 
to metallurgist* by the appropriate wa» of prtiriilr. 
These separate surstanrea, which we bar* defhsMl n» 
ferrlte, cementlte, and pearllte, are the Itw moat ho 
porbxnt coustltueiits of steel which arc ordinarily con- 
sidered. The amount of pearllte. ferrlte, or cementlte, 
lu different tviiuitounda of Iron and carbon, aa shown 
Kraphlrally by l>. M Becker,' a well-knowu aolhorlty, 
U given in Hlg. 4 The Hue ot abaclaare here represents 
the amount of earlsm present and the ordinate*, the 
amount of the Ibne cisistltuefita. In addition to these 
constituents, however, the research student of Iron ami 
steel has to take Into consideration a number of other 




Fig. 4.— Cotiatllaeata of annealed carbon sleela. 



like the mug point of n purr substance, or extends 

over a cvinslderahle mure of tcmis-rslure*. embracing 
|«-rhii|ia at a lower limit the A, i-tllllige. appears to be 
Mill an oiwn question for pure Iron The nature and 
blentlty of the .», tninafornialbin. It would i 
recent puhlkcathilas, hn» not yet 
settled" 

It seems ut least to lie generally conceded that the 
critical points A, and .4, divide Iron Into separate allo- 

y Iron exists above A, and a Iron Mow .4, The A, 
iniIiu may or may mat be ainsber transition [stint, ao 
(bat at Ibe preaent Hue the existence of a p Busllflra- 
llon betweeu .4, and A, la In debate. The subject la too 



It Is cerlnUi that an Interesting change or transforms 

mainly with the lose of Ibe Interesting property of mag 
nellsm which a Iron exhibits. If chemically pure Iron 
Is ibe material under Investigation, these critical points 
tun be -Imply plotted on a diagrammatic curve, as pub- 
Ibdied by tl. K. Hurgess and his cit workers, and shown 
bent In Klg. 3. Wben steels of varying composition arc 
under conaldcriitloii. however, these critical point*, aa 
shown on the Iron-carbon <llngram, Indicate all aorta of 
Interesting chances which may lake plaos. 

Tbnl brunch of metallurgy which treats of the conatl. 
luthill and structure of metals and alloys U known aa 
allography, and, with the aid of the mlcroscoist in 
hands of reaearch atudenta. u number of different 
i constituents of Iron and steel have been distill 



It Is necessary lo I 

Ftrritt la the name applied lo pure Iron, and la em- 
ployed tu de-lgnnto that part or Iron or steel which la 
jiot la combination with carbon, but which may have 



«ally pur* condition. Ferrlte la easily 
Ibe microscope by Its characteristic grain. 

L'cmcafif* la Ike name given to a carbide of Iron bar- 
ing a de Butte formula (KeyO- It represents a 
carbide of Iron wblcb also crystallises out aa a 
mass of carbon steel aollitlllaa. 
If a solution of common salt In water, soch 
U cooled at certain tempi 
i the percentage of aalt present, either aalt or Ice 
nencea to crystallize out. and thla action continues 
I the remaining solution, culled the "mother liquor," 




|sirt mimes] after distinguished research mctallm 
Thus we hnve to rmialder soch constituents as nusteullo, 
martcnsltr. troasllle, sorbite, and osuiondllo- 

In a general way 11 may be explained that some or 
all of these curtate Iron ciaaslltuents are formed when 
ateel which baa been hcateil to some lenitatnilur* above 
the critical point I. hut below tbc tucltlug point, la sud- 
issidy iiueucbed In water or all. and llien larhnpa slowly 
reheatisl or tempered. Much ucitoti Is now known In a 
way aa "heat ireatmeBl." Put Instance, If a 
steel containing about 1.6 Pat cent of curtain la 
boated to 1.1UU deg. Out. and then suddenly plunged 
Into cold water, a so called solid solution of iron car- 
bide (cementlte) In pure Iron 1 IWrltsj » suddenly 
locked or fixed In the atructurc ot in. mw-i. Tbl« I. 
the austenlte of modern meiallurgical research. If 
a raaaal Is sut€~siuently annealed by prolonged heating, 
the auati'iUte lireuka down again Into the softer pearl 
Itlc atructurc This U all linportaut polnl. and should 
be borne In mind In order lo make clear what we shall 
discuaa later. Maitensltc Is used to designate a tran- 
sition bum between austenlte on the one baud and 
ferrlte and cementlte tpearlltel ou the other, and la a 
varying com bt nation of the thrcecoustltucnts. TrmKalte. 
sorbite, and lamsondite we ueed not lake time here lo 
dellne In detail. In general, Ibey are terms usihI to 
designate transition forma between the constituents at 
ready described. Pure Iron, of course, consists only of 
ferrlte, and contains Mine of those various carbon con- 
stituents. 

All this acletitlDC nomenclature la of special Interest 

tent that It serves to Illustrate what modern reaearch 
has done, and la now doing, tu explain and elucidate 
the extraordinary characteristics of Iron and steel. The 
smith or artisan quenched and tempered 
was guided to his ntautt by watching the 
colors imparted to his metal by the 
changes from one constituent to another. The 
metallurgist ao longer trusts his eyes, but la 

his path of development by the aid of the raiero- 
and pyrometer. Aa a 



1 "Crttleal Raoeee .1, and a v of Pure Iron." 0 K Burgess 
and ff. I, OnjBJlJI Sclrslint reprf. V a. hurras of Standards 
313. ,. 310 



ml thousand, there had born no 
vancw, do one striking development. In (he nature and 
characteristics of steel. In respect to metal-cutting 
qualities, at any rate. The property of becoming hard, 
by all 



them from ordinary Iron, la due to the presence of car- 
boo diffused throughout (he mass of Use nsetal. llow 
the presence of the particles of carUni brings about the 
• of hardening is >ei a matter of iIIstusnIou. 
"Modern aleel making Is a fax-l ouly las'auw Hie 
t Of cbetulsio. Itself scarcely a itauturj and a half 
• 11 lasodble to umbwalaud Umt there Is au 
arhulty of certain varments for certain others, uud that 
under given conditions exactly the same t\>mliluatlous 
con be expected lu chemical comytonnda and alloys The 
> had no idea thai in flrlug iron 
with certain fuels they were carbonising It. actually 
forming ot like Iron and fuel a new substance which 

cocilatueil besides Iron the same eb'Uieul which lu one 
form coiiBtltute* churcvstl, in another graphite, and lu n 
third diamond. Thai, however. Is exactly whilt Ibey 

The salient fact which makes research work In lbs* 
Held of Iron and steel BMtallurgy ao fasdnatlug and 
valuable la the rich raswlbllltleji involvisl In its exploits 
tliao. The writer Imagines, without knowing from |s-r 
aoual cxperienee. that the fascluatistu of tbe pursuit of 
the study of music to a real musician or composer inu-o 
reside in the almost Infinite pusalbilllles wblcb lie 
within combinations of harmonies ami musical tbeuse*- 
To n very considerable extent the unslern ueiallurglst 
la a composer who la playing on n combination of Bi- 
ll there Is any one reason 
ue. It 

U]toci these two facta: First, bei-awe either by 
an accident of nature or by design the two earmeuts. 
Iron and carbon, lutsess affinities whkh muse them to 

Ilea: amL sv>euud, because Iron also baa ibe lamer of 
Unking up or covnbUilux with or dissolving lu Itself 
Dearly- all of tbc other nssterlal eiemcnta In such a 
maimer and with such a character that the most minute 
quantities uf these elements or combinations of them 
produce differences lu the reeultlug metal or alloy, of 
the most profound and luiiairlaut nature. Allow me to 
dwell briefly on this Idea. 

II t* an Interesting fact that out of the seventy to 
eighty clcnienta which comprise, as It were, the building 
blocks of the material universe ouly atMsat twelve or 



m. All Ibe others are what may be generally i 
rare elements, even Ibe mimes of which sound 
Ml unfamiliar to the ears of men ot ordinary 
These rare or rarer elements seem lo cum- 
uli Is 

; lu the effort to gala 
something from it for his |vurpose. What Ibe chemist 
and physicist has done nllh this scrapbrap Is proml 
ueDlly before us In these ilayx for be baa dLscovenal 
and Ininaliicial to 01 Boot wonder elements as radium 
and tbiHrliiin. ami gang be In finding a use for the ex- 
traordinary eleusclit selenium, which changes lis elec- 
trical conductivity under the Influence ot tight and 
other sources of radiant energy. 1 would not like to 
prophesy- aa to Ibe wonders man muy accomplish In tbe 
future, due tu Ibis unusual and unique |trop«-rty pos 
by in* eb-iiieiit ach-iiluin. liul lo nrlurn lo our 
I wish to isdnt out thai tbe research 

li.r.'l-- l.-i* n. -1 >,n ll.i- iu paJttDJ it I * -it' '.t V 
scrap hen p for elements lo cnanblDe Willi Iron, i 
Increase tbc wonder working properties of this ulntaily 



{ To In conclude u*. ■ 



MeasuremenLa of Radio-aclivily in Water 

Tltt radluuctlrlly of water and of tbe gaaea ooll 
lallled III water Is nstaisured by the effect produced imi 
a charge.! ebs itxajcoiie by radium emanation (nrloni. a 
gas that la given off by radlnm-ls-uriug minerals In 
to their content of radium. The general 
that must spring waters do not contain indium 
but radium emanation derived from ettntact with 




limb speed •fan*' | n. i. p. at 

n ell, ft 7. 



that nearly all l 
uctirlty after being removed from the aourtv. whereaa 
a aolution of a radium sail, utter having once reBched 
eiiulllbrlum, continues to give oh* radium enuinntlon. 
The -:< in |sl«> of water la boiled to drive off the emana- 
tion, which is dried and then swept by a imrrent est 
air Into an airtight oioctrr»€cooe_ The Urh-r Instrument 
consists osaentlally ot a Jar from the cover of which 
la suspended a rod supporting at Its lower extremity n 
atrip and a leaf of aluminium full. When the 
i Is electrically cliargeil the aluminium f.JI Is 
, to which It is.rnially 
la dissipated. If. 
however, radium emanation la present 1n the Jar the 
rate of leakage and consequently tbe rale of fall of 
the foil are greatly accelerated. The rate of leakage 

Illy of "water la t 
the rale of I 
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lluci from a solution of h weighed portion of ■ mineral 

*IlUH* OOftteilt of radkHKtltC rtUuMtaUice- llll* Iwvll ilH*T- 

mlned. From lbe»e du.t« the nidlouvtUitr of BM MM- 

(ill* of WHl*T <Wli Ih* C*leUlllt«s], Ttl> results of • 

measurenicrit* have unfortunately tss-n expressed In 11 
great vmtU'ty i*f milt*, and as a iMtarnl coiisisiuettee It 
H iua|s*tslt>lc tu compare some rcjiorts of nnlli*ietUHy 
with other*. In Kngtuud Bint America It I* ru-tmimr) 
to eipre*«f rudUtuctli Ity ti* un <*pi|vuletit of rail Into or 
of uranium. « mdloixllve siih*lane* ; ou thp (*-onlllient 
It U i-it»(otit«ry tu exprvNM ibe results la electrostatic 
unit*. It In quite general. lrrr*|*itlve of the unit, to 
rt|.,r* tbe railloartlrltj per liter of water or per lit it 
of Tin 1 gas In tbe water. The ipiantlty nt emanation In 
equilibrium with 1 gramme of railliiin Ih known as a 
curie of emanation, hot as thin Is a very large unit 
estimates are expressed tu fractional parts of u curie; 



cbu*. X 10' curie per liter means that om- liter 
of the water contain* ".•"Jl* teit-Mlllontti* of the quantity 
i.f rmuiuillon in equilibrium with 1 gramme of nullum. 
tlH bum-be itufr, fit .|io uri) encountered In ro|*irts of 
radUmcrlvHy, Is defined aw Ibe satiiraMisn Ionization 
• -nrreut due tn the nullum etna tuition, free from ihswy 
product*, from n liter of watrr or ga<. expre*Med In 
rirctiwtalll! units (I) multiplied by \,*HUt; and I carle 
«if riuaiuttl.si |mt liter equal* ii h ■ • il -■■> ■ \< m of 1 7* ■ 
'iiilli.'i aaH-aw nulls It M. hole In tri.i--.if RiAtturv* 
uf rae r-auvn* M9*$e$, ii* it. i II: 'M. 

A Crew for Big Aircraft 

Tut Sikorsky hi pi h tie Ih ntfi Ifleaiit uf future 6taftaa*> 
aunts. Hltberto tlie pilot wfalle steering and eoti- 
truillnit l be aeroplane ban also at tbe saute time Mr 
trotted Ibe motor, Put It Ih out lou* that with a multi- 



ple power phint this Is no longer possible, ami accord- 
ingly oo tbe Sikorsky tlie pilot ot«rrutes the aeroplane 
controls pro|»*r. while an engineer Ih In charge of tlie 
motor i*o«trol>. r^vlvlni; bis onU-r* from Ibe pilot. The 
crow Inn neee*slly for miiiw* mn-b illvbtlnn of IhIhit ban 
l"inr been aMHiretit In tikes** dnjrs, wben tlie Ipnglh of 
flliclit has been Inrrmslnt; so raidilly, ami tbe pilot, 
In addition to hh irflier arduoun duties, ban bad to 
iMHUrlake Ihime uf lunljcntor In time to rone and 
fur |«Dg journeys tlw ...ntnJ ,4 Uw httniir iniii-liinea or 
Qmj future will m> doiitit Ut mIIII further Mtibdlvtdad. 
Tbe pilot will rniitlne IiIh attention jwrely to the flying 
it ud steertnc of tlie ner^ilane; an ititflneer will he la 
charge of Ibe motors: wblle a navlnallnx oftlepr will 
map out tbe cvurH 1 Hud. If ueeesHii r>'. take tlie required 
olxervBlkux. UHtrutiocuk'al or otherwise lsmd»n thtfly 
Ma!**!* 



Tlie Bi^ Atlantic Liners 



Some Details That Help to an Appreciation of Their Remarkable Proportions 

Thr pletiirva of the nwitWrr HtenuiNbliis that ply tl*e> l»refr. luadnt 34 re»t T laehea te- imtlosl itml Ir Ih mH round hut elliptical In ■ 

Aili in 1c iH'lween lb* UMfal Slot** BJM] Mfaffa n-null) i«*.pin.-oir*t u*e» 50.ihhi mm ai«lirti, Im>|iiu -.•» fis-i ^ |MhM In MM diameter and 19 

rfftMi iLc trsaaU an a wbole In o|jeti wtller. mul II Is Mka^2pSi Atnal kno '* feel IU liHiiet4 In i!h< other. I>U eteowh U* drive ta-o uf 

difficult for Iboae wtlhoul »|«>fUl men on of Jmli;1nx to rmwviigrr m-.'^n-iitiiiutM : the lari;esl »lxe triK-Vs tltivoub atiretixt and fully hauled. 

iraln un ade«iuate Idea of their vn*t [wTBinji MJllpaat : « few I'frsi rfaai Tltere an- f<»ur uf ih»*»s- cri-nt -fjck-. ami with eaeh one 

HlnslrailonK. therefore, of aoine of the tiidlvlduul :• t - Sal Ltnu *hout twenty uptakes an* eonmvied, mum* of wbk'h 

with fltiures and explanations, will furnish n tirtter cutue from several furnaces, for tbeM* four runnels hari* 

taxis for O'uiiMtrlwtii mid a more thorunuii a ppree la Hon 2.UTD I* 1 tatlct* aire of tlie smoke nml Eases from l.*rt» furuaees 

"r the K I mit acnle to which the n-mlliig fjgln haw l^n CfHT WW Tltf ship In drlien h) lhr»s- proprlk rs, tlie two on Ibe 

built. n( ~~ .mlshU- kaian ot^niled h) verthal triple expansion. 

The llhtst rat Ions used In thin nrtlrle xhou- |^.tt|..ii- „t m-iproeatlni: i<nclin>M of ir.utm botw-ismer each. wbbV 

Hie Kucllsh steumrr "Hrltaunlc.~ which arm Um«iosl I lie Illustrations berewiili shown were taken during the center mtcw Is eomieeted nilh an Immense hiw 

mrly In 1UH, ll>e prlnel|uil dlmeix*lon« of which are as the liulldliiu of the iv**el, ami Ibe Mr** one. on the tlrst pressure strum turbine that delivers Imkmi In»n«e-|M>wiT. 

fol|i»ws; pnise. show i one of Hie enormous funnel* tu prueeM uf muklnir u total of lo.utm borw |s>wer ; anil In nipph 

i.-n/Mi „v«f in HH2 (#»t * tiirt*« te"l«it ho4<ted liiln plure un tbe ship. Tbla it rent clilao* these niolors with the necessary sleani fur rlielr u|erH 

tirr«iith i'»unaju M M 4 iiirh.-. >h*> I- l-lu feel hlKh als«ve (he furnace bars, and It will thm retiulres the evii|HirtMh'ii of 7ut»,uuu poiimls of 




Fif. J.— One of the twenty-aine boilers required to prnslace strawi on a bir ship. 



Kit. 3. — The "rotor" of aa IS,0*0 home- power turbine. 




Flff. 4.— Making lixhl the lube, of one of the eondcnserM. 



Kit*. ■>■ - Balancing and aaioathint a propeller wherL 
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wntrr e»ery hour, tf enough to KU|*ji1y a town of over 
.\nrn jnhjiuIhUoii for a whole day. To iHTfnrm Ihl* 
work there are twenty-nine great l>illct>, five of which 
arc what are rolled single Uiller*, ai*l have fiiriuuv* In 
one rad only, while Ibc other twenty four Jire 1 1 mi tic, 
mid urc provided villi Ihm- cniweluu* fiiruucc* in each 
cod. 1! show* one of tluwe latter iNillere. und llx 

unusual nisf inn In* judged hv tMim|Hi rimtii with tbe 
men «t mid lug by It. Thin hotter In SI feet 10 lurhea 
hint »nd 14 1» iDdMi Ik diameter, awl It* con- 
xtmcfed with an outer Nhell of >ievl [il* It* over tin Inch 
mid mm- half thlrk In withstand that working steam 
pressure of 'J lft pound)!. 

Fig, 3 glvcN »iiin« I den of Hie jiowerful propelling 
machinery, anil *>how* the 'rut i-r," or working |nirt nf 
the lnw-.prc«Mire turbine. Thl* la a great cylinder, or 
drum, on the outrr surface of which an* ttxol thim 
■ands of ltmir mi trow Made*, set In regular row* around 
the body of the nrtor. which 1h ut*inled on n shaft that 
Ih :t fret In diameter In the bearing*. The rotor Is 
i: fori 4 .when In diameter himI U fi-ot II turtle* limit, 
and weigh* alHMil • bum complete; and II Iui*uh at 
170 revolution* int niiuut* when delivering Km l.s.000 



biur^e- power. After I he high prrature it t nun hlfl been 
u-**d In lite reciprocating engine* It paw*** on to IIiIk 
Idg liirlilne, which It reueheti at mi actual pivwMifc of 
in ' ii n>i- and after pawl tlie rotor i- ivluiiihicd In 
two tMitdi'ikMTM at hIhmiii *£s lmin*>. vueinmi when the 
iMiniiiiKrr MiiuidM at .">i Inches As tl-lj- low pn**sure 
Mm in Impinge* no the blade* of the Fa ta * but a anaall 
Aim >nnt of power I* Imparted Hi each mi; hut this 
tntiguificant Increment nrult'.plled hy tbe tlmiiHniid« uf 
IiUiwm, each of whU-h add* IU tiny mile, ami nlmi mill 
tip) led hy (be litimbrr of Impulm-* Ibnt each cntilrltiute* 
each minute, all f<«>t- up to live very ttulmhuiflnl tnlul 
luunlloned abate. 

After the stenm ban iierfiirmed Its tlnnl tusk In the 
MhMM It PHHH to tbr omilenwr. where It It ntm> 
rertrd Info water, wblrli In feil bach Inln the bo|ler> pi 
uculn In- made Into uteam. Salt n«t*-r U nut iVJratih- 
for Nteum Enuklnc. an fre».h water I* lined entirely, mid 
hh It would he ini|NxoclMe to <wrr> enmiicli fresh water 
for a ixiyace If tbe ateam 1* wusteil, li breooieN MHm 
mry to MtC Im- wutle «team, aral so rrcwwr the water. 
The coitdeiiNi'T In a hirw vnmel In whlrh there are u 
large namlM*r of Inphwi tubfH extending between |*urtl- 



linn plate** hNiiletl iM'ar the eiwia of the nmdeniier. The 
Nteam In |«i**od thnrauli tbtwe talieit, while iratahtc and 
ariNuml Iheiu |Mmr> ;i fhM»] of etild turn water which l« 
camtWMll eeiievi«<l ami efretilatrO thriNucb the eim- 
diiixer l.v h»rv*- piimits. In the eondeiwr nhnwn In the 
HtiiMtratliai. I'Iil 4. whteh Is lying »m Its siile. there nrr 
tMtJO of tin- Niuall Intiikk tubeit, which would form a 
Icnclh iaT !'.*» inlh-. and tbe two ciMinerH<«M nIiowu on 
the rujclil are for the adinlmioii and ewni|N> of Hie 
etMilliiu watt-r 

of ih»- three priMjN'llcr wheela, tbe center oim*. drlnm 
Uy the turldiie, u the NinalliKl, twliitr hut 141 V» fnnt la 
dlniutKer. The wheel, which la of solid uuncaneae 
hronxe and wrtiElm 22 tona. la nbowii In r*lR. ft, where It 
In iiifftitited on a |atlr of »anm«tli. atralitht edge rallt for 
Hie purpose of lev tint: Iin Iwlam-e. ami the men Reeo 
In the picture are eniiaeiNl In the lmiM>rtaut lawk of 
smmwhlnj; und Kharpenlnx the edens of Uia bladea, for 
a rtmKti, thick edge nreillMuily conmairs a great amount 
of |Ncaer I hat In entirely uaNted. The two wing i»n> 
jn'II.tv which are diirea by the two rreJproCHtliic 
eiiirJmw, are each Ztt^ feet In dlniueter. and bare brunse 
Made* l-«Ued ti> enut Ntwl liuba. 



Tbe Ansriiutz Dcmd-Rrckoicr* 
By Von W«lfcan«T Otto 

tx nauilrul language, a Nhlp'N rerkimlug iteuotea tbe 
position of the vcmu>I at a given lustant, which mny be 
repreaented by a point marked ou tbe chart. The 
reckoning Ut aMtronomlcnl If It lx cooi|iulrd fniu ObMff- 
vathwid of the sun. tnouii. i»r wtiipt. cofiibltMNl with the 
reading of the chrouitncO-f. H I* terrestrial If II la 
derived from aliHervatliatm of HiibtboUNet* or other land- 
markH. When MflflMf shtHre in>r sky can be aeen, na In 
cloudy weather far from land, the ship'* poHtWH muni 
be oblalncil by "dead reckoning." te., by drawing on tbe 
chart, from the laid Kit rely determined ptadthm. u line 
ill lite direction of the coun«e aultsetiuefilly followetl, 
and of a length n>rri<M|Nttjd]ng to the dlataitce travelet] 
In the Interval, a* dtNloittt from the elar>ed time and 
tbe reading* »>f the Uig. Whenever the oairw In 
cIwhjmL tbe new enurse intiNt be drawn from the end 
of the ii Id noe, with iiroia^r allowanrc for tlie drift 
caused by wlral and current 

It Ik in«t dlftVult to obtain tbe KhlpV iMtaltlon hy this 
graiihloal ineth<»l *•> long M Ibt* tenwI'K owre atul 
Npoed reinatii nearly coiixtiiul, um ihey iiNitally di> In the 
ense of pa*>»Tiger Meamera. With warMhlpa, which 
frafpieully vur> their course nmt speed, tbe prohU-m 
laxximen very complex, and only an expert can estimate 
with any appnatch to accuracy tbe effects pnalnced hy 
the changw In «|N«e<l nud by Hie gTcnt urea traveraeil 
In chnngltig the cotirae. Yet It k* e^<Yedliigly tmiNir- 
tant to know the exact podthiit of the vetoed al any 
Instant, especially hi time of war. mo Hint (for exam- 
ple! a scout crulwer. on sighting the enemySi fleet, run 
Immediately report Ita locatiuu to headquarter* !>>' 
wlrelcHN hIciuiIh, 

Hie probletti bt Hotved cumiaVtely hy the aulnouitlc 
dead rerkimer Invenleil hy I>r, \n«iniix Kuempfe. Tlie 
readings of this Instrument require correct km only for 
the effecta of wind and current. AH other Influence* 
are cimtlnuniiKly meaKiired with great nrerlMhiti. and 
tbflr effect h are drawn on a nhcei of paper lo the s**nle 
of the chart. h> puni> taechaiiiaU . 



It might In* sup|NMM<d that an ap|Hiralua cuiHihte of 
Much a iwrformiuice mnKt he very complkvitcd. hut in 
PMllty Ibi* baHlc principle of lla operation Ih guile Him- 



attd U al^o able to exert and tmuamlt great mechanical 

ftirce. 



*Trsn>t*t1nn fmrn rai«rAa» 





fig. h— Ug and turbine of the AnachUti 
dewl-i 



Fig. 

pie, for all that Is required ia the product of two fuc 
tora: the courae ami llw K|>eed of the name). 

The ttrwstl |n tneii-ured h> a ntohI) turtiltie attached 
to the hull of the »Mp. Tlie rotary movement of the 
turbine bt tranamltted to it dl*k. Rarh faei' of UiIh 
dlak touetiea the rim of a Hmalt wheel, the pltm.w pf 
the two wbeehi being iari | endlciiUir to tbe disk awl to 
each other. The wheels arc connected with the An 
Nchllls gynwlatic cinbi|wss hy a |Njiro|Hrlate transmission 
uweiiuiilNitt In HUiii a manner tint the tkilectltnit >>f the 
c>nui|aisM ciuiNi> them to uiftve uluiig mutually |wri | eu- 

tllitilill (|luni.-1»I>. nf Die ,IL--. r pit r:i ! Ifl Ii- H. I'll In 

this way the veliNity of the Nhlp I* rewnlviNt Into a 
mirth or scnith. ami an east or weal, miii|Mti»cut- For 
examidc, If the vcsmcI Ik mcvlng due north, one of the 
wbeelN (Nhown at .1. 1'lg. 2| la at tbe edge of the disk 
ami la roiiNfspjoiilh rotating with ibe invateftl rnpldlly 
It can have with the gheii vehaHty of the dUk. which 
Is pmportlomil I., ihe lOMincriinry arieed «f tbe vewl 
In Ibe same e>.ndllh<iis the other wheel tut flu fcMI I I 
llw* dUk nml in* sbuwti In the dlagrnuO In hi the r»n- 
ter of Ihe disk ami Ik not rotatlnc. When the eioirse 
In due •it-! or wewt tbe north a titl soul h nluv] I- iwo- 
ttMhW at llw eeuter Iff. Fit while Ihe msi and 
weal nheel l> at lite edge and in taklmi up the i g hja j aj 

RMsU f tbe disk. Wlu-ii the coiir>*e N .hie -»Njth the 

nortli ami stiiith wbeel In at (* aiMt rotating In a illree- 
tliNji opp>*ile to that of Its nrfallon al .1. In any other 
course of the eew«el iSK ssw. Hr.i each wm-vl U In 
ti (Metllii^i hiternieillate between tlw outer ami tin* 
rim of the ill-- mid In ndatlng with a \eh«ily propor 
llotial t«i the n* trlh « ml wwlh (or the east and weat > 
fNiUi|MMicllt »f the Vin^el's s|N*e«|. lUiii w h«*l rever-v-t 
It* rotatliai as It passea the renter isf the dUk and eweti 
Is ctmnected with etitintlng meeliiitilMnt. uhhii wotk- 
tM.tb wayx. Ilevitv. the procnwM of llw V|g4fl t-i muih 
•r xonth ami lo mist ur west ran he rend illnvily [nun 
the din la. 

The two eianiNitwiitN are reeouililtHit In tlw gniiahkul 
recorder of the apimrariiN. In uhi« li tlw i* ■» d Is -n. > . I 
Imrtbutally by one ixiiiinnth'ui and verlwnll) by the 
Mlier. The dniwlnc, therefore, elves a eofupletc phiurc 
• >f the evntntkma of tbe ship 

Tlie Und prartiealile ap|«ratiiK ■•( thl* kind has In<oii 
In rtmtlnunl use for more than Iwo years on tlw battle 
».hlp "MtJlke" and bus proved emln»*i«tl.t hh- i vs-fni 
ltxperlmnits had |irevbiu*ly twrn m«nle «0b manv 
similar i>ut r II of m lacked llw tno-*t tmiNir 

tant feature, the gyroatiille e>tiii|uistt. whicli 1* rree fri»m 
ttrf tU-t*«*.* |pxj Ifrtf ularUJea uf U.r uugucllc pumpa* 



Tberapculk Uses of RadioactiTC W&tera 

It tin. m mr wuleni are applied to tbe body In prac- 
tl< nil) ecery Miaiiner Hint mineral watere have hereto 
fnre het-n iinciI: ImihN, diKniwN, and lut.nl apidlcmtUuw 
.•r eicry description im> euiployeil. and the waler* are 
also dnink and Injected. In iidilHUui to theoe method* 
uf ndmlnlKtrathan, rtaims ur closet*, called luluihilorla 
ami emuuatorla, nre no arranged thnt pa I leu t> may 
brrutbc Ihe radium rtnanatlnn lu the gases that csenpe 
from Ihe watere. Tlie more completely equipped wa- 
tering Htiren bate arrangement* for cumblnatlou of 
riellinu treHliuciit with electric. muscitlHr, uqueou*, and 
■4her kliitls of ui.t-c-iige, Inst-Hlr bathN, mud hatbv and 
X-ray and vlnNt m.v treatmeni. At -»ora# Natiatortums 
these treatments are given hy means of wHtera, mtidt, 
ivteklngs, and nauprtwea that have been reuilered artt- 
Ikinlly radioactive. A great variety of dlseaseM arc 
ireatet], among which may he mentioned especially 
croupous pneuRiiNiU. bronchltla, hrouchlal a-Huna, ar- 
tkiiur rhPUtuatlNin, tubervuludN, ayphUU. gout dla- 
hetes, and obesity. In reference to the physiologic re 
arttoiks following treatment by the radioactive waters 
of Itatb. Atkins, and Harrison are quoted by Ixjw 
tljtueet. April 130th. i:n.'. aa aaylng Utat radium In- 
iTenaes dlureaK excretion of uric add, and exhalation 
of faltbMI dloxhle; lowera tbe preamire of tlie hlnntl and 
ih-erea-c*- Hn vlseiwtlty ; lurreanes tbe rate of dcroxn|MiKi- 
that of uric- ncitt : InhlhltM fnflainumtkio: Increases Hex- 
tlal vllit lit y ; and has nitk-hwrahlr Influeine aver syni- 
puthcth- affn-thaiM. Aa a eiiiitiiMllmi txnnuieiit on this 
to|dc. It Is well to refH'iit that there bt uiu-b cuntllftlug 
teatlutony on the tlwniiwHitic value of radhmiilvc wu 
terN and that tlie physiologic effecta of rebiUvely N|roi»g 
MoltitioiiN of radlutu kuHn may not necesaarlly Im> tliipll- 
eated hy weakly nttllonetlve natural waters.— K. R 
Ihile 1n 1/iucfo/ ffc*.,«rcea of /Ac United UtatcM, 11110. 
Part It: ^t. 




Fif, 3.— Th* cripltic rtxtirdcr. 
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Man as a Geographical Agency 

The New Geography to be the Record of Changes Made by Man 



lv his presidential aadrm before the Geographical 
Section of the ririlWi Association (or tbe Advancement 
•it Silence In Australia. Sir Charles P. lAlcaa reminded 
hearers thai the earth is wiw <|Uito well kt.nwn 
fr.ua i.k.1* to Mo, awl tlwl aiilnKigh there remains 
some work Id be done In clearing up Hi" drtnlla «f > 
few eorttor*, dbevnery pule and *lm|ilt. Is laualng away. 
Hut Ike calls attention lt> a stareon-nt of Sir Clement 
Murkhnm. formerly i»rrs,liM-ut of the Koy.tl Geographical 
Nia-lcty, that 'H Ustgrnithy I* a descrliiti..a of the earth, 
an It la In rrliitUiu to man," mid lankc* iIk- is4nt that. 
In l icit- of tlie nii.iiijr iiim-aslug rliai .ges that arc bring 
made by man. • haligos Hint tiol only alter the osjulur*, 
tmt llu- eha rn.ser nn.1 climate of the ourtir* surface, 
gi-<«rapliy In tin- fniim- will Im rather a nssird of tbc 
liLaDgra wbe-h suivossive generations of mau have mailt 
iiml an- snaking In the earth. In developing bin ld<si" 
..f the new gcogmlill} the -la-llkcr had tile following 
to say. 

The writer Hlx> used this |dira»c, "Man U a geo- 
Krn |ht.l--. 1 iigciiry," the American writer. Mr, <i. 1*. 
Marsh. |sil.ltslie.l h1« Iss*. "Man and Nature," In IMII. 
anil a l.-w .slltlnu, .utttl«l "Too Knrth a* M.utlllcd by 
Ililluan Action," In IN".. Ilo was mainly i-iMii-nrued 
wllb the dcytm.1lvcucs* i>f man In llie geographical 
anil cHnontlr chains whii-b be bus effected, "livery 
plunt every animal." he write*, "t* n geographical 
ilgervcy : man a destructive, i ogel tl tile*, anil 111 mum* ensea 
even wild beasts, reslonillvc i»wot" : ami njailn : "It 
1» III general true Unit (lie interietitfun of limn baa 
tiltlwrtn seemed to its-ore the lliuil exliaintlnn, ruin, 
nii.1 d.-idiitluii cif evi r) iirorlni-e i.f nature which bn 
lias niliuvi] to his diuiilnl.-in." The more rlvllUcd man 
lias tsssiuie. be tell. UK. the more he has dcslroyrd. 

II.- lis* Hit* gl.Micoy view mainly mi anxiunt of the 
uik^tilef iKine hy <itttlng diovn fon-sts. Man baa 
w rough! Hit* ileulrus'tloii not only with his own bADd. 
hill tlinmirli iNiim-tkllleil HnlninU mure <le«lri>et1re 

l him «Hi! Ih.h»i-, ^liw^ ipjai». 1i..n -ntle, hunting 

..r blllliiK the 1..HI.* «h.»« >.f tnn* "Mini." he a«y«. 
"lum !■>■ Ioiik f..ri»itleo that Ihe enrtli wiu. stvefi to htm 
lot iMifniet almir, not for ivin.iuiu|4i<ai. ntllL lc?w for 
ITi-llltTlte wilAte." 

'1'lie ilanuce di^ie hy rutllliR Jiwn trees, ami thereby 
lettlni; hwiHe torrents whlrh wie*h a»ay Ihe **'ll, U 
.■r w»h very iimrk.-l lii the mhiIIi ..f Krnmv. in 1inil|ih 
Si>f. Pmtrnv, I Hie Frewh tl|«. With tile rillioii 

of tt**~ lllol till' Jumflirlny of ^|-M^-|k on Ihi- il|i|H*r I'lU'e 
of Mil' fofi'-l for >lni'|i l.i-»-.ik the xill l»IKl evtm**- Itie 
rools the lilirlur ^rtiunil lm> lii-n lnhl luire. Itnln- 

•toniK hale I xi^llen.-e <n-e|4 off the «|1I. anil tl>e 

H<"»l- luie ileeaatnttll lbe valleys The mountain *lue* 
luive heiyitne ileiertK. mill llw Million Imii- Ihi'Ii lilmiil 
Into KWiiiu|M. "When tlu-v ih".|posiil Ihe f-'P-*!." uNf 
the Itrenl I'mn h tiH«!n«|'l|i r, lli« Ui« nliiait thirty ).-.>|s< 
airo, "Ihry «Im> de»l r»> eil Hie very ^o.itml on wlik.-h 
It vt.K»l": mi. I then he i i.tillnile« : -The .leia>tatlns 
aerlon of tiie streanm In the r'rrneh AI|o. U a very 
i^irlou* I'Jienouaenon In the hlilorkul [ulnt of vu*w. for 
It e\|ilalnn why *o many of lbe iliitrletn uf Syria, 
iireeve. A*in Minor, Afrl'-,i, awl Spain have heen fur- 
i hy their hihaMliiiit*, Tin' men have ill^a|i(i«rtil 
: with Ihe lr.i": the live of the w..«liiinli . n.. lew 

lliati Hie »»<n»l ..r tin- iiLeiot. Iiai. |.nt an eial to. 

«r lriiii'|Jniit»il. i-titlr»- |«'|.ulallotis " 

How fur ban the iiifenej i:.f Daan ulteriil. uiol h*iw fur 
N It likely to nllrr. tlw «urf.ni' of lbe earth, the ulvl- 



anil the iir.Hlu.twr. of the .llfTintit |sirt< of the irlehe; 
met. further. Imw far, i* l.--n 11. * a.toully trati«f..rtnhiic 
Iwitilro, 1^ hutniin au'.-e-v wli ho.' liarnri' the it.^l.y? II 
-lO'lllil U- U.riie ill lllltlil that srl.-nre Itiw elTV.'te.l, mill 
I. .fri-tliu Irari.riuriutithn. i.i.rtly t.y a|>|.lyll« I.. ..hi 
|.r<«v>s.* hr uu.r.- i«.werfnl uiaehlnery. partly hy In- 
iri-lueliic t«-w i>r"i>e<Hp* iilt.vi-lher ; ami ttuit. il» eoeb 
new f..r:e t» hnulcht to liitht liitoK uihI iwople* are to 
a irmiter or le« evte.it lra'»fonrH«1 Tlx. worhl wan 
lnhl .-it iifn-h l.y nwl ami »l.^iti. A new rvioljil-tiwient 

I- takllix ollli III. .|<>e|..|«i I .af wilier |<iW.T 

...el ..II loo.ls e. Ill .<al. hut with fn«' water 

,„,,.., ,.r ti. ..II. are ii«orlliiir th.-iusi'lii». OH 

f.o l l> i^.Jitni.lii^ . wil 111 nous .nvn^i ami mukli.i; .-unl- 
it. 1: vtiitl.-ii^ <n|»-rfl".i..n* But of lie. et«lty It ts th.- »--.irtb 
tier-, "r wbo tin-* ll>r mH.iilllery ff.r iilti-rlnj her own 

•lirfai-r. Tlie npnlleiitl f tU- inio.-liltiery i< ..ir.lrlli 

in.. I l.y tl.e >ilt of mini. 

Tlie surfa.-e ..f the .-arlli ron>l.t.^ of laiul ntol water. 
||, .w far lia^ hiinuni i.m ■»'> .'.ni. rti'l water Into Innil 

. f lot..! Int.. Hilt. T, illol lu.w. f'f. wlttit-iit :ke||i:il| v tlilll>- 
r. i — In. 1. 1 Ll.lo »..|er timl « r lllto hlll.l. 1v It rot 

j.rn. tienl I1.1n1.111 |inn«w nllerllnc the meiniuyr, of lam] 



and water aa Umi iml KeoerapblctU dlvudooa? A writer 

00 tbc Feus of South Lincolnshire baa told Uh: "Tl.e 
Itotnarx. Dot <~.ulel.t with a|Kj.rxi|>ruitlDK laiMl nil over 
tbe world, added to tbelr territory at bom* by drauilnj; 
lake* iin.) reelalmlii* maraliea," We can Inxuore an- 
other ureitt raw which, while anjirnprtattng Land all 

01 er the world, lis* a.ltled ki It hy rm-latmlnj; land from 
water, frtwh or Halt- Nor thn anaouot nf land taken 
frvnu water hy uiao haa tieeu taken more from frmh 
water thnn from ua, and, taken In all. tbe amount In 
lntliittu*u»Mil aa compared with tbe total area of tauil 
anil water ; hut It haa been very eouaUlernhle In certain 
lanall nreaa of tlie enrtb'tt aarfnee, ami fruci tbeoe antall 
arena huve eooie run* of ueb who have l.rnfuqndly 
mo.lll\fs| the reut(rH|>n) au«l hlatoty of the world. Ttita 
may I- illimlralnl rriati the NptherlniulH anil frnca Great 
llrltaln. The eromilnii vl.lon of Covin- » Kauat 1a that 
..f a fiw |»Hu?1e on a fr.« foil, won rr.in. tbe aea and 
ke(.t fur liuninii tunhltatton hy tbe ilally effort of mau. 
Such baa heen the story of the Nvtberlnuda. InNlaneuf 
of ri^'lnlmlnjc land mlchl he LtldeAuitely mullllilled. 

How for bii» laud been drowned hy lbe atreney of 
man? Attain tbe total area la a neiillttible quantity, hot 
mtnlti. relatively to •tnall aro*«. It lum heen appKeuihla, 
imkI the Irellreet efferta have broil ureat. The nerpJMl- 
lle« of town life are reapnnallilp fur new lakea and 
rlver>- Sneh are tbe (Trent reaerrolrii and aquedaeta by 
which water la helujc brouxbt to New York from the 
I'jituklll Mouutaliia. a work which a writer In the Time* 
ha* ilMrlhod aa "hardly aecnwl In mntnltudc awl lm- 
l=r>rtnnce to the l*annmu CanaL" A still lnnrer volutm 
of wnler la intthered hy tbe greut AHscnnni dam, wnk-li 
holira up the Nile at the bead of Ihe Flnit CaUract. 

the Inland of Phllte In mM-Mtvatn. Take again the 
grcnt ahlp eanaU. The Snex t'annl rnna for 1IH1 mllea 
from *en to aen, though for part of lot eoorae It runs 
ihrnagh water, not througb sand. It 1« eonstnntly grow. 
A writ 
Canal saW : 

linttin dam hare entailed it far larger displacement of 
1he enrlh's surface limn Ii.vm ever l*s>ti ntletniitisl lo 
the hatiil of ruin 111 w llraltnl a »iui.-» " The cnnnl 1« 
ut.ly fifty mile- long frvuu (<«.|i >*» to main from 
•.hole llu*. to *liore line otdy forty. Hut In making It 
mat., the inisrni|.lileul agrney. has Marked the watem 
of a river, the t'hagrer.. hy Imll.llng up n ridge whh'h 
. minis-!.* the la., llne^ of bill* rs^ween which the rlrer 
Hows, with the ri^-ult tluit 11 Inks' has <v.me Into evlst- 
i-.es- uhi.-h is time «|iwirters '.f llw slw of the Ijike of 
Leiyvu. 

Mr Mar«h. In M>- h.»*. rvrerre.1 to fur mote colfxaal 
>*< lu-iticH fur turning laoil Into water, Mi.-b aa flooding 
Hie Afrli-mi Siihnrii or cutting a es.rknl from the Meill- 
ti-rrniu-iili to Ihe Jurdiiit mid thus sutmiergtnr Die t«v<ln 
0/ the lvn.1 Sea. whl. b U t^low the level of Uie ocean. 
All that etui he sal.1 Is Unit the wlhlsat aehemeii of 
one century often hrsvaiie the ilotne-ulleiittsl [sewlMtltiisi 
of the ix-vt atMl the aei-umi>H«lHsl finis of tile third -. 
Unit Ihe more dlsiioerv of new land* pa*-*-*, .ait of sight 
the more men's ener*,-"'* mill Imngliintluii will he cuai- 
is iitrnlisl i»|s>n <li-i»-loi.liig mid altering what la In their 
k.viilng ; and that. Judging frran the past, no unselrn 
till.- nm can safely «rt any limit whatever to tbe future 
n.'hlevemcnta of sew-nce. 

Itut Dow. given that the proportion i*f laixl to water 
nnil water to Inti'l ha» m< Ihsui, mid au-uinlng that It 
will )ii< It: nluniH-UNy allerwl, 
lu-al |uin»""». .-ii.-risi.hisl .41 laud, or laud on water? 
In many i-***?. water traiaimrt haa eneroncbeil on land 
triinsrvort- Tin- great Utliniu^ eannls are an ohvlous 
le^taniv: n. are the great Cnnadlan canals, vi'iiter- 
way« are miiilc where there was dry land, mid more 
..Hot) ejlstlnc inlansl waterways an- converted into sea- 
going way. Mat" he*ilrr has las-isvie a si-ajs.rt thrmigb 
Sis ship cmnll. Hie tly.le luis Us-n "oonvorttsl frism an 
lli'lin.llloiM strenui Into a deep nm tti.t.le river." II Is 
l«*an>c •■ngliiei c Inn e ti rtltVi'lully Improved lultniVa 
ourk isti tin- fljde aisl ihe Tyrut thnt tln^c river*, huve 

l«" - hiwiica of slil|ihu1ldlng for Ihe whole world. 

Il.lll.lllig training w.lll< on tile SHne iJnoul R.nliui. 
's-vi-Ltv i-li-lit noli-* up Irs- river, hleh iimoltg the sen- 
ts.rt- of Krini.e. Tin- r.ll^ and the BMne. Ihe iris 1. 1 
rl'irs M|s-is-i|.|.i nud Si Tsiwremv, anil many other 
river.. h»i. n- we nil ki^ov b.en wiiiil.-rfnlly tmu»- 
foninsl l.y Hi. hand of rhe mglnecr. 

I'.nl larel In inn.. In this nantler of transport, hn» 
rn.-ivtn.-lssl nis.ti sou lii irfd .luys. when rmil< were few 
t.ii.l l.ti.l wlii-o tlii-n- ivi-n- in* rnllwuys. ntnl wh.-n ships 
o. ri -mall. It n 1.- nil ItnisTtnnl to bring insvjs l.y water 
ill all imrt.i as fur Inland as pasalhle. In 



v-ere numerous flourbblng llttwi porta In nil the ea- 
tuarlea and up the rlrera. whleh, under modem condl- 
tlutfia, liave decayed- Ku one now thinks of r«ntcttiury 
and Wlncbeater In connection with aeabonai traflle ; 



two old-world cathedral cltlea took their origin nnd 
.le tiled their Ininnrunre fruua the fact that ca.b of 
them, Caoutrhary In particular, was wilkilu rwsy reaib 
of the coast, where a rroHslnjf froaa France would ho 
made; each on a river, la the days when the Island 
of Thanet was really an Island, sefiarnled from the 
ri*.t of Kent hy an arm of tbe ana. and when tbe pres- 
ent hndgidllcAiit rlrer Mour w-na a wide and navi- 
gable eattiary. I aolerbury waa a forun to wlitrli the 
UMirdlnndlae or six Keutbdi aenpurta was brought, to 
laua on Inland; It was. In effect imetieally a vra|sirt- 
Now merebandliH. earn™ lo a few large porta ouly. anil 
la carried direct hy rail lo great dtxtant Inland reutcr*. 
Iteelua wrote that hnya am rxmatnntly loshsg In com 
punitive Importance us the Inland wa>-iv of nt|«ld eiim- 
tiiunk-ation liiL-rewac: Uiat In all countries IliteravclisJ 



maritime cnunnerve tends more and more to take for 
Its atarUisg place port* situated at tbe end of a leulto 
aula. Kn nrgtiea, In short, Uiat trafflc gnea on land aa 
far out to ara aa nosalble Instead of bring hnaigbt by 
water aa far Inland as poosthle. He clearly in-rrsuil<s1 
the case, but my contention Is that, for humiiu |.nr|swes. 
the cuast line, thotigb the same on tbe nm|>. has prwe- 
tlcally lawb allensl hy hnman agency- Torts have heen 
tirvitiglit lo ureii as mueb as mon to porta. 

Hut let us carry tlie argument a little further. Great 
Britain la an lalaud. Unlew there l» same grunt con 
ndslnn of nature, lo all time tbe StralU nf Ikiver will 
se|ia rate It from Hie iHUttlnetit uf Kuropc. Yet we hare 
ut this moment ft renewal of the scheme for a Channel 
tunnel, and at this luooaeitl men are dying from Kng- 
land In France and France to England Supjajw? the 
Channel tunnel to lie made; sltprses: flying lo he Im- 
proved — mid It Is Improving every day what will lie- 
eneie of tlie Island^ What will taw-oni* of the sew 1 
They will la- there mid will he shown on the map. Mil 
to all human Intents and isirisvss tbe geography will 
Is- rbauged. The aea will in. longer be a linrrier. It will 

no longer lie thi ly hlghnuid frum Kngland lo France. 

Men think tn years, or at lined In lifetimes; they 
ought sometlUM-s lo think In rcnlurid. I larlleve In 
Itis-lus's words. "All man bus hitherto diaue la it tritle 
In iximiairison with what be will Is* aide to effect III 
future.- xdct.ee Is like a woman, she saya No again 
.111.1 again, lilt means Yes In the end. 

In deullng Willi land mid water I have touched ii|s>n 
natural dlvUliais aiul Del 11 nil hoiiiidn Hi's, which are 
one of the provlixss. of riH«ni|>hy. Flying gtvea the- 
go-by to all natural illvlslnn, and iKiundnrlea. even the 
sea ; hut let lis come down to Ihe earth. Isthmuses are 
natural dlvudetia between wsn; ths* sldp canals cut 
them and link the sens tlw canal through the Isthmus 
•a" Corinth, tbe canal which cuts the latiiniua of Pere- 
kop Is-luiH'ti tbe Crimea and tbe mainland of Russia, 
lbe Kaltk- Oonl, tbe Suea CanaL the I'anama Canal. 
Inland, what are natural dlrlslonsr MimntJtlna. forenta. 
ileserla. and. to aotne evtcol rlrem. Take moonliilns, 
"High, mnaalve mounlaln sysleins." writes Uksa Mem- 
pie, "preaent the m.wt effective harriers which man 
meets on tbe land surface or the enrtli." Hut are tbe 
In*, for Inslan.-e, IwnniUrles. dlvhllng 
lines, to anything like the client that they were now 
Hint railway* go thruugh and over them, carrying hllll- 
dnsls of human helngs hark and fore day hy day? On 
what terms did Itrltlsh Columhln Join the llomlnlon of 
Canada? That tbe natural hnrrier tu-twecn till 



lie pierced hy the railway 

If. In the Itlhle language. It requires fallh to remove 
iruKintiittis. It is not wholly sr. with other natural boun- 
daries.. ForesLs were. In old days, very real natural 
illildlnt-Hhes. Tliey were ao In tCugland. as In mir 
101 11 day llw-y liav-e hecti In Crlitnil Africa. IIWwiH-ti 
f..itv and tin, y.-nrs ago. In his "lllstorienl M.|v- of 
Knglaial " I'rof c II, 1'isirsMi. laid down that England 
wo- -s-tth'1 from east aiel w«s.t. Isx-uil*c over against 
Gmil wen- heavy w.ssls, gn^iti-e tiarrlcrs tliini the sen- 
Kent was ml oft from tVntrnl Kngliiud hy tbe Andnsl 
Weald. s«UI to have lus-n. In King AlfrwIV lime. 120 
miles long and .10 broad. Here are Prof 1'eatssm's 
words: "Tin. uie of Ihe nissliuan i-h-illluc «waj tlie 
fi.n«|s the Isls.r .if nmii4-li"*s Keocrwtluns risinluitnc 
th. rrliiKs— ..f Hi.- fin. or nuiklllg Ihelr IslninU hjdilt 
nlde. luive grailnall.i trnlisfonned F.nglntid Into one 
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fan the -mule It *nld of ( 
I., iilim*!. like UtluiioMs una Hk* m.xiqiuli.* The Au*- 
Iriilluli dewrt b« 11 nntnrul .tlrlal.jn hetwveti Western 
and South An»lnill«. Tht .loan will Ih' Itiew, ill 
nny niir for ninny » Ionic duj after the lro»c.wllti«i- 
till railway tin- Iweii Hiihdwd. hnt will It lie. In iiiiylblne 
like the xatne ••'»»<■ a» before, a harrier iilaeed by nature 
ami rewjiecteil by man? An we *|] know. If iN>fiulatUiu 
lit available, they brlllg Hi their train •U'telo|«nent at 
the lam) through which they nam. A» Hm >lmt> uf 
(In- enrth nlwny. ifulntf to remain "ilntvrl* till* - ? In 
uiau going to obliterate tln-ln? In ton day* to eianc, 
will We iIphiti n-JiU.-.. and MiMHim il« tin. r.~..> Wtial 
will ilr> farming nwl »Mt will nirnn-ntatlufl ham to 
any? A Ihhik ha. Inlely heeii tai|>jbJin«l ■aitldttl "The 
4'oii'jiirwt of flio J>e*ert." Tiio writer. I if. Mn.-d.rtiaM, 
<Wls wltli ttw Kiilabnrf l*vq>rl In Sonth .Virion, and 
for the n.iiiju.«.r of the he lays down that thron 

Il,li.»> am <»e»rlal l-.|'"'Hl..o. ,„ii»ervnlloi>. aixl nf- 
forolatton. Ill' i»)Iii(b out /,, w „r,u wliltti ralghl hare 
Iw emlm.llr<l In Mr. A/iir»d-, Ikm.k, how Ibe dwelt 
lufxi luu> inltniHi.1 IJir..itjffi r|, { , n^.fciw* ,-iittli^ uf tr«w. 
and bow It tan I* flune back ncul n by ttw >uirrt.T» to 
the saint dune* Hy i\wcrvn1lan l»«i mean* the. *v*te«n 
of dry (arming w> oim^sfui )u (t, r [nttrd suhi ..r 
AmerVn. whit'h iirewmw the molnturc to tbe *«>ll mid 
nukrs tlK dtwrt v^-laoe tine «' durum wheat 

wlUwnt n drop of rata tailing uiKtri tt from M-edthae to 
hantnl. If Ihesrftlw tome, *>* tv>M» ilwt Ihe agency 
of man, txwctaitiw. yiW.uttWnK. nam.wln* the 

miU, will drive In** and kl» out t - , »" dw *"- 

What. again, will irrt**«»» ' 
*rt»? ltTltatlwi ban alrotudy 
earth, and a* the year* it" ou * 
wlmloni. mimt liml 



to na> to 1 itnt. 
cuangnl tt» fa.i- or thn 
tin lniowliMl£L> crown ami 
rlniW 11 Dlori " » D1 ' nnw- - I 

l» "b.' Kalahari. I mwl 
raid nf undLTETimnd , ... 

f lb n too In tl i' UI>y»o 1 w«'rt. In tlw Tnnunilihlrnl 

Journal" for U»« It »» »"' ,, •" l "" *' "*"• ,,w,rty 
-••J.tltlo »„«ar<- mill- I" A " , 'rt n,, 
r^almiHl with watrr from »««^" " 
».,„ »nd ,ab,.r.«dan wat«r ha. ^ to. i 
If It Im ■>•< * »'""" bl 
It h»» •■oaWwl Biwks and 
thrive Id what would be othrtwlae arid area. 
Tti » I nnve «lveo yon 'our klniU of tmrrlura or dlvl- 
°" t by nntoro u|«in the faoo nf tl» earth— m«in- 
n «b,. <le»wrt». river. Tbn tint, tbn moimralnn. 
„,.„ eai.not re,.^. bat 1,* e. n .ml he .too, go through 
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BW«y MlUKvlbrr. Tbi* tlilnl. the 
nhiic to lm( Ilk** tb«! f^rrtttM. 

\* b*Clitiihi2 to »hlft nlkni it 
d> rt'^alnt** tln-Ir Him- in will, 

I turn to HUnatf, I'llmnttM «rf> 1m < <^r -vi «*t 

tlry. lwmltby itr uiilniilthy. H*?r« our oltl rrlr.nU iln- 
trf*« lure much t« any. I'llnmtcsi tHiymnI dl*imtr l»c 
conur at «forr twitter *ml <>nlflnr wh#o trmt hare hr*n 
cvt dotva itiid tlw four ui the mrth hii.t Ihh.*u l«ktt Kart-; 
tliej- limmn' drjrr awl mobftcr ntToniljiB ni* lrw» an? 
ili'Mroywl or trif- an* plnn4^1 ami hold On* uioInIuit 1 ; 

t» ntfin* ■nil i.umsiii: ->f limiH-r vttitvr «.iu. 

way «r »t>" rtlM-r tho bnnltb .>f n dMrlrt. TH* tUIUis 
uf I bo wjII mmjllte* tile clbuate. 

NuWlii-tv btivc Hit! triuiuptiH of mtilkiil mjlfiii.i* litfii 
nwity- <Nia-H(ili-«irMM lluili wbt*r* vvtiiwT* liftv* |M<rr<rrtm«l 
tlwlr zrwU+t f*«t*. T> l^-i- dwW^l thnt I'-imUla 
KbixiU) t*f tlw bPodi|mrt*»n. of tbo Hop* fmml, hnt tln> 
prrvnlMjr*> nf miliaria nindc It ncotMar? t-> tntiisf.'r 
th* bcBittimirlr-nt in V>yrt Said. In JVHtt tlw-rv were 
i,*S0tJ L-nm-. of miliaria ut iBtnaUta; In V,*M Hliuiwt 
Miirtl? ttH.* xirue number. In 1WH Sir It.-nild I(<^ 
»«n cmIIwI In t« ajlvfc^r; .a 1908 tlwrt' werv no fr^th 
i-flMPM, aiul mHliiriH .111* tN«-n hta»i|H>.t «nM l^urjr*," „t- 
tctupt Ui miiutrui't tli** l'miunia (^acuil waj. t]i>f«ittH| 
Urtn'Jy, If not mainly, by tbn frUbtfut tU-atb rntti among 
tbt? laborrrn; >MNH> Uvin arc mild to hnvr bcrn Imt, 
tbv result uf mulnrla and yellow ferrr. Wbrn thr. 
Aioerlctum took uft I be mtrrprti-t thry 
wndlnK In dotcom »rnl toiolUir> Mi^rlM. ai 
of nplfbdld mMlIenl skill *iw] AAiilrary fl'lniiBl«fr«ll.tn 
wax tbnt malaria and yellow fp7*r wmh irfnr^li hIIv 
killed «uL Man bi n soocmpbl**! aprney, mid In in> 

climate, for climate determines pradaetx. 
otbrrw. Srleiw* la ihTldUiff that aidliuil prKtM slwill tie 
eZllrpaUit In (lie tnqitoi, and that there Khali be no 
wliJ. li »bnlt be burred to white nieo on the 
of danfff-r of ibftiftlni. Ttom trorl»-«l dl»»«i>*i». 
If v*t> turn t.i | >r millet*, it la ahnocrt >«i(>>rflaoUM to 
fclv<i lltiuttratUni* of ttin etiaocpM wrought by num. An 
the laeomlnie »hltr man has In many plaiif* impplanted 
the colored nborlelmil. ko the plnnU and the llvlnc 
rroatiire< brwiidit In by the white man hare Id many 
rHH»v<, in vihj know well, oiiftted Hue flora aod fauna of 



t tbo LW ..f tb* ImtMl Im dirTer- 
riit. In imi« ri-un* tlw-re wh-* 110 mwn. and tbr ..Miutry 
wilx wltderoe-tM; ittk the nirfa** ttt the wklderiir^^ nmnv 
**f ti*v living ibhutN were dltYrrent : ami fn«u under tlu- 
rarll. ban etatue wnter mid minimi, llw e^lsfftin- "f 

Wblrtl Wn* Im4 *.ib4|«Wi<J. A irldliry b-^H-r It wllJ Im- 

il life rent ajniln, ami I want ti» »( mate- tlln« 

rrntUiR more clearly than U now tbe eaien tbr i lunev* 
whl»'h wiiewswlve ci-iicnilbiim of men have made mtnl 
are maklne In the face of Auarntla and of the whole 
earth. 

More than half * <.wtury «no Hoekle, In htn "HlNliwy 
..f a'lvllla»ll..i,," wnt^: •r<.nii.i], the rlHiest .imii. 
the* were Uiuwe In whhh mil an- wn» m«i-A l-.iniilfui : 
now the rleheat eouDtrlea are thoM? In whleh toau b* 
moat active For In our n«e of the world. If oatiire U 
|mrHlnjfi|iU»*iiN wr k*H>w bow l<i coiiiim-imIv lirf delMeo- 

If a rt»er I" illffliul avljmte, or a miui.trv 

dltllrtjlt to (raven*, an eiwtifc^r ran .-i-Tro.-t the .rr.pr 
and ivmiMly the evil. If we haTe a» riven, we make 
caniilti; If we bnve n-> natural ImrlMW* make nrtl 
liHat iitHrv" 

An Wand eontlmtit AutitralU In kI III. and alwuyn will 
tie. on the miiiw It alwayK will t*r the Kame number 
of mile** dWanl fnwi other tutwlN : Iwit will ttwt~> main 
iTiire>etd praetbul everyday farbt? Wlkat do mlU* 
iiifian when It take* a per|M tunlly dlmlnlxhlnR time to 
rover them? Is It not trarr to fact* lo measure din 
tanre*, a* do Swias rulde*. In St linden ihoun»>? What. 

to. be overluoJteil and <iverflowu ? "File tetHteiiey for 
the world to hei-mme i>ne: and we know |<erfe>'tly well 
tliat, «« fnr *'* ilbttaitee ta rvinrernotl. for nrarttral pur- 
IMkMOA the £eo<rrti|rhl<-*l pnaltloR of Auatnilln ha* i-tuuiged 

think of It, what ireoBTapby baa lain mmre otmeiTiied 
with than aiiythlnic elne. dtrortly or IntllrertJy, la dbt- 
taoee. ]i b* ttw knowlrdur of other ntaeo-i iud at cair 
actual d«oc (hit I lenrh hi t,*eo«r»pliy. bow to tvt 
there, what U> tlial when we »et there, and forth. 
Year after }*wr. l*eeaRw> dWanro K b*4oj* dlmliiUheil. 
iieonlnx and t'»*lnir of men nnd of pndnrta U mnltlply. 
Inir; **r*iltly and »nrely tbr wiirtd b* brevonlnj: one 
eoottneiit. Till* In what I want ceoErajihcnt to note 
nnd ttir i^eoiHn* lo Itwrn. OeocrapherH 1i.it r ni'inleil 
what the world !•» ii*vvnllii|i to naturt'. I *atit tbeiu 



them tft Hnve 



the trooble and dJAeulty of Kobift over wan 



bdand eontlnent tint It always 
there are tbe name Itulentntloiui of roaat, tbe itame 



I*rov1denee It l- brlnif 
root raided by man. 



Treatment of the Wounded 

At th* nkeottnjc of tbe Academy of Science**, held In 
Turin <iu Mooday, Amnwt lmb. a paper, of t*rtktiliir 
l«UTe«t at the |ire**nt time, wan read by Ift-pwtor <ieo- 

t™ 1 wmnided In modern warfare 1 General t>otorme 
b*cnl»* h aunemrn Ih tlte Krenel. army dnrtnc the loot 
Kraiiec^rroHidaii W*r, and has derated hb» life to the 
advniicenunt of military nurnerj-, bta text book ou that 
»ub>«-t belBir recocniard 
ard work. UU* opinion of the wounds Inflicted by mod- 
ern wiui.ioOh 1* by no uicwno iawt muttlL' -. 

-Tbe miliary Mirifeoti-t. at the nrtwiit time," h* 
writes, "muid adopt tbe aiuxt otniHervatlve meiboib* of 
treatment In the treat majority or military wraimbi; In- 
ilceO, «m h methorln wiu»t be *pplt#d in practlcatly crery 
ea»e of bullet wmiod- The r-nenlnff of a modern bullet 
wound I* w *ctuill that tf the aurccon adopt* strirt antl- 
He|itle or MHe|4le drewdncM and refrahm from |ir»<blnx 
the wounil t*r making u KyMtemntb- «cntrii for foreign 
hodlc* arretted In Ita traek. It tx p»»oilWe to fitve the 

TImiiU tn aM'irttr *r»\ iiiitlw|tile me4lM*dn of troatmeot, 
tbe woiuided run lean rfedc than In former tlm*a. M 

Th* pointed ho Met, employed hy th* (ierman army, 
learea rery tin now wounds of entratx« and e\lt when 
It pcDetrate*. the more flcwhy imrta of the body, but 1W 
track In th* flame* tbeitwuHvwi bf marked by a axwdder- 
abtc defcreo of dnttroettoti. Rtlll, nuch oaw*. In t!*nernl 
r»elonne'H oiiliitm, xmailil nrnv*r -n the eoor** of **r* 
cml dayy or |KTh*f«" «r»-kn. on the other banil. wiwodn 
from i-JirnttiiH, i»ff from in:fi*rme<l haMrU, ure often 
exteiuibe, ot«-n, e^iin pi lentil by the tntru-<h>ti at 

clothkna «l" other forchni hodli-5. fsu> li w»«timb* ure not 
nerewarlly dnngerutiK, but thry fn-jueiitly p*i|i|iorate 
and require etonc attention when tbe wounded are lie* 
but tranriiortiHl to the lu*(.Hal at the ba«*. 
On* naturally i>*y* the rbn-rnt attention to what Cere 

i of th* altto. 

i filial In I 
year* MurKoorc* have mi : 
they tiow perform ub 
tlnxe no the lbuib«. 
-The treatment of wound* of the aUlomen," write* 

• ■ RbKturr* >x- iJinrrr. » •.indli, hji CblnjrOo* Par U. 

: lt>, a. JH. 




Delorme. "dmerveti the eI«Ne*t altrntlon of 
HunctHitn, iNtrtlcwIarly of tbow wv*rk1iuj at th* frunt. 
We have new metbodN at our dUtmaal whieh may 
ameliorate tbe reaulb* «f a rlata*. of ea?«e* alwaya re- 
Kanled n« of grave lm|aort. The adr.xabU.ty of . 
Inj; <m Mich ra»e« In rlvtl nrnetlcc t» of«rn to < 
hut the eojae In war fc* qoltc dttTerent. In war the 
■arcnons ma<rt lay aside any Idea of o[teiiinjc Uto abdo- 
men. Tbe eiperlence of all recent war l« agalnat Hindi 



ItaikaiiH. in thr Transvaal, erei 
operatlona were carried out by the moat eminent our- 
jteonH, nnn>r the best eondlttona. It win* found that 
thrase who wrre onerateil on yielded a smaller perceO- 
tace of reeorerles thiiu (lie cosea which were not mib- 
Jei'tird to oueratiiio." 

The modern German bullet. In full flight, lenvea a 
very amall wiaiimI on the wnll nf th* abdnium, and 
Mrlilnm Infei-tM Ih* wouikI by earryln* clothlni; in front 
of It. Tbe perforation* produced tiy «uch bulletx In 
tbe loupa nf lnteatlnr are minute and tend to clone iqHin- 
dy. In *cm.e enaen lb* bullet may 



Tbe natural ami «alutary Inclination on the lairt of 
the wounded to reiki ve hoch Idadder and bowels, allow- 
ing th* patient reat for anme time. Instead of burryLnf 

round the wounded part 8 ami furor* the proewm of 
bra Hue For wound* of tub kind the aiioleiit niHhnda 
of trvutmrnt *eem bwt : nb**o1 ute r.>|Ma*o, refraining 
frum prolvticed tranftport, total 
and drink ror >er»?ral d*>>, rliinlns t4 
• lei-nth' Injeellone. of arttllciii) 
thai of opliun. and plaHne the patient In a lialf-wlttlnjt 
<Kowler'«) poKturc 

It wltl be than N*eu that Hie lewdlmt military wirgiiro 
of Fram.y advh***« cniiMervatlve liwtlwaH of treatmeDt. 
We do not iloulit that be Is rUhX Daring an extemdve 
at th* front are suddoniy aver- 
hy thiHianniU of paiienU. It would lie bnpon- 
*lWe to undertake, eren were It adrhuibte. prolouxtyl. 
and tetllouH operation* — to five attention to oIh< '-m**r 
and n*»clect the remaining Dln*ty-uloe. Forinna »*■!>, 
at trwnt fn Gt'twral IH-l<»rni**a oplnkm. anrh oneratbai» 
«l tbr frunt are Minir<r-««ary ; ttio fiii^.ir. Undue** u 
ara placed In tbe bwt 



cir*'Uin*<ta ncet* to allow iMr natural reeiiperatlvr inw- 
rm to have the l»r*< rhanee of exert Init thenawelrm. 

Mneh of the |*|*r to wbUh we hare directed alien 
tlon is of a pureiy ti-rhnhiil natnre aod dlm-tly eon- 

of tU- nary nnd nmiy. 
of it rowiw «■< all, tiud we are clad I 
our una* i>f im«*i*Um bnve Imiiewnl our iiiH1o*1m of 
treat Ira; thr injqrlrf i.i-.hIuoh] by 
luive not locitrd Mdin! — yalarn. 



New Enjoin eering 1 

The n*w eii|dt*errii>f lahoratorlen i>f the I'undec 1'nl- 
veratty College are hdioiiic tbe hewt etltilpiatl tti the 
l'nHed Ki nudum Thin ifa-pn rt me„t ban be*n ereeted at 
a c«Mt, inclndlnjt e«pil|.invtit, of rT50W. The malo hnlld- 
Uic nf two Mtorle* •-untiitiiM lecture rt«inw, druwlnr, of- 
iU\-», library, hydranllr laboratory, rtr. An axelilter- 
turat feat ore is provided by the rontral tower. M»m* 
clehly feet high, wld< b him«r» the fan arnl raiirhliiery 
f<>r foreed venttlntlnn of the hutldliiE. and at««i rowtulim 
a MontKT- tank of l(^i"■■l nallotirt for the ptHne of Ihr 
hyilraulle labonttory -Kher «piarteT«. .^uitalii the hrtt- 
ri.ttlne laboratory ami Mler hoii».e, tlte Htremnh oT ma- 
terlala larhoratnry, e*'ia*at te*41na h.-tiin, and workshop. 
Th* beat engine ro*«n ban an e\p*rinM'Rtat at*am en- 
Kin*, a fcaa en«ln* ami a eaaoilne motor, provbdm helnR 
mndn for a IlUwet cnelne and a rtci 
•team enclue la upedalty dealened 
work and ut of the hortaootal compound type working 
with an electrtcuhy driren Worthtu»ioo iiurtacv ron- 
deiudnc |»ln nt. |a*wer belmt meAKtirwI by an Api»)hl 
brake Sr*etl ean vary hetw*r-n "i. nnd HU teroln- 
th>ni l»er mlnure, and ahont KM In ^rw power In derol- 
o|M>d at lOu revtilutJoriiii per nilnutit with £MI poiinda 
presMure. 1'lie Nittlonal en* ei^ctne la of Hu home 
Irower and uae* a vudlon prodnecr. or city inta. Ar 
rancemeiitit are ujailr for menanrlnic the amount and 
ibe bea tin* value of fuel lined, nolld or aaaevuri. <laao- 
Hue motor U a H l« hor**-p.>*er Amy H motorenr m- 
alne mounted ntatbaiary, power l*ane nli^irbed hy 
I'ritiiy bmke or by nn oleetrlc hrnkr. I lent engine 
rooiu ha* all the apparatus ibccdpd for meanurlra; heat 
ruluea of ootid ainl iraae<iun facia, a bo unaly«ln of floe. 

ut of dryuesw of 
Kt,;iiii cine* from a 
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Some Recently Discovered Nubian Antiquities* 

Prom a Garrison Which Hold the Northern Sudan in the Hyksos Period. About 1700 B. C. 



It uiitfiir uMNiir from mi Iuhim^i t«*ii of the alatue* mimI 
relief* m'dI to I be Miim-hiu of Kltw Anm rhnt the wared 
for work* of llli w«a the only ob>ct of the KityplUn 
K%|«*1tl|oti : 11 mt yet. boweicr luiiMirinur tfcjM thine* 
are from the mti*etini (->liil of v[.*n. ibey ran never la- 



tin*, and thm waa Seal, opposite whirl) Prof. 

Urea* ted Identified In 1991 vtlrli Qftm fliWak MM »i*itheru 
capital .if AMMfMi iv H'yiui-rj xvm>. 

I'itiuUkIuu wan kindly ctveti by the Sudan covera- 
Dii'iil for ibr :>t -i ■■s.'-t mi Trey, and on Kcbruar) sth 1 



lleuda of rama with horn protector* to prevent goring. From the cemetery. 



ttw ao*e obhvt of mi I'viK-dltlou wbbch n-preaciita lliir 
viird I'ulvrrvllji ua well aa the Muaniao of i'liie. Arta. 
Tin*? ii rv a imrllnt product of Aefcl work almlnit "hm nt 
hint or kit I rrwiirvb. I.otii; ex|«-rkf»ee leaches that io the 
end lb*' niimt iuHIuhHi'mI •*e1riitjfic work brluga Ihe bent 
reaolK bolh Httitllc "llml*- ami lil*luclcitl o'lirlmdoiw. 
TIn- |tn*at clement nf eh* nee Hon hi ll*' ►adectloli of a 

aitcu ium-v dun u determined there s- oul> mm Hdn* t<» 
ttit- t-\t rain all tin' Information them 1*. In the altc. 
lUclurtliij: twvfHNirlly nil the utith|llltlcM. 

The trip lo I he Sudan illustrates very clearly the 
practice of I be expedition. tVoahtcrlnjt the potedhlll 
tlea i>f varttw* alle*. I mine l» tlir eowclaaioii 11ml the 
Nile Valley fnqu Haifa to Menrae. held «* K*>pli*n 

MnftoQ Blnoe the mi-mi- BhHi*. wisciii olfcf n pr«ft 



Mica ornaitimb arwrd on cap* and dreaaca. Fro an 
the cemetery of the Hykaoa period. 

able l|i'l«l of work. I _■.'(. . fitrtn-vH- uml t»in 
j h '«- wen* known, rojal atutiilc* ami il^ nrv bail Urn 
fo«iiMl In unuibcrx Another o>u-ddcriith«u of prime 
aVfWftWM wmh ihr pnodhlllti of wolvme, waste »f Mm- 
• |iie-iloi(>. nilntl hy lax- N'utilan An*ttii<>iliii:lcnl Su«r>. 

iMirlitr tin- Mirve) n rmv aral n < - 1 < i 1 . - Imil hjN 

n vniliiL rnlM by Ike the Nut-Inn »' icrotlp, the Onte of 
wblcii whw ttkeil to tlir pertnd twtwe*'it Hit- *lb| timl tb** 
New i mii"f- ibe very iM*rlod for whleh n« now Mt<](h1 
nni^'um mater La I 

(\rHMHj menlloitlrm my |*ltina to hr. H rr-alu-AI of 
k'.hljM.-fir. my MtNMlMI w«» ilin- i by blm bj hff> 
>iu%"» not^ oci N'uMii. Ju»t ipiliiu ihrouch tb»- in.--.-. 
Hlliter \Vri*v/Jn4.r» *^1fli'rxlll|i. I^|wll|a hntl vUHnl 
K- nun on June Wk, «Ml had formal n irnut 

opinion of the (tlaiv na an nM Kmplre -He Thk <llil 

Ilea; Iniliresw iw; liul be 4leMiTlhei1 III orai- |»litev h«iim- 
Hnc« of ghMNh I ' Imniettlntely attrix-i^l m> atlrii 
tli»n. aa anrb rlup< are ctoamrterlt-tlr of the aruvei of 
I In- Nnlilaa «' croiip I thtrefiH-e rmftfi to lrtrlt»n> 
Kerina In the ffatftfl h» be vlalted. Nererl iHtafM an 
other «Jte wu* .e!..'t.t f. r fhe ililrf |M inl of ri.imlua 

• by wtaar V | Hu lh.» ,u atuatuia of t taa AtU. 



nrrlvtil with thirty KiOiHlau workiwu at Meniwe. the 
ea|iltal of liiaiK*oln CrvviiKv. on my wny to Si'«l (wee 
mnii of Niihlai. 

My the ttm nc ronrtnil tot* the laat station lajfure 
Kennn. 1 bad made u|> my ihIimI that ll waa mj duty 
tip alt*' at Koruaa lotijs eiKiu^h lu nuike a tbomuflb ex- 
amlnutloii, and 1 le legnt|>hed to Klmrlnm for lb** M0am> 
-nry |arnuLwi<ui. whlcb wu* promptly urmited. 

TlM'ii nitiM! oi*e of tbia*r ruiuanlk: exia*rlent*e» whU n 
oiinrtlmeN full to Ibe tut of tbn excavator a prlndlin: 
|a>rbHl of atftiiinsty butvlew dmilcery. n painful reenu 




fftnictlon of the lilatory of the plucv from bmken bid. 
of IlilntP*. ii ud suddenly, quite ut the emL a n*Teta||<« 
of the rlvlllxniloii of the currlaoii of the llykmm l'erV«j 
In n Wo ll. I. lit.*; MuecoNBtnn of ' fliuV [itcredlbly pre 
•«eri«l. lu a few ilayw - ■■ »n - were «lue»n to tta alien 




(■rave, Kerma, 1065. chief burial intact 
on bed with Hword between hia lejra, 
lookliiK avuth. 

aa were ne»er kitowu la-fore In thla jaTlod. a rar» «mi 
fouinl wlnate (Hiwdble luViillfkntloci one hanlly dared 
eunfeaa to otn-'a aelf. and ub><la were ldb-d up In the 
atorrtoiwna aueli M I hud never ho|M*«l to am. TlH>re 
were Woodm laita with Inttleod tlanlut cinerttis ami trej 
earrnl In Intitule bulla' letfa ( no toe of tbn leg* chmmI lu 
la<ateti icoldK ualrlch fealber fnna uhlrh if»uld hIIII be 
iwanc In Ibe baud, aworda with Ivory mid lurtnlae- 
aliell luimUvev ncarab* of tbn llyk.mt lVrlial, a iiiaaM of 
In-IIIlHtit black HtuJ ml ivlkalied iwltcry aa thin and Ibr 
aa fpaal iHirt^tiilu. 

INi the flr*t tiHiruliwi 1 nale u lUmkey over the pUlo 
at Kerna on my prelluiluar) lii»|«-et1ou, I had nent 
the nliztit In the Irrlpitlon rr-i b.nw, which uhv aindly 
pUced at ony dUimaal by luapeetor tliirney f'Ma tln> 
houae I could are a trrent mart ruin n feu mlk» lo the 
aiMBth, called by tbc nntlTca tbr Weaieru or 1iW«T 
Defflfii. An I rode towunl It the Kaatrrn or 1 pper 



Buat of black ajranite atatucttc of a kinft of the 
XII dynasty, probably Amrn-rm hat III. 




Map of Nubia. 




Umutb DefuXa aern frora th« aoutb. 
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iH'fflfrt chum* Into view about ftre ml to* to the eaat 
IWj rtMm mtpmrnl much u* I*i«lu* bad acen It no 
the *.1*ll day of June iHHirly »Ymiy ymw ago. The 
grown! wan alrrwn lbh-kl> wlib iMittlierda, ptoite Uui'le- 
tnrtilH. mid fragOMiila of bum?; the mount of itotxfterdM 
wu (here, the gnmlle allnr mi bin the dike abm* lh»- 
Nile. TbU mi Hie weatera rfde or (In- ImnIii. The 
ii.hl.1ir wiin iilrendy green crop-land, trrlgntod ut the 
laat Inundation; and rhr |wrt I n AM riding over Ml 
that moat threatened by lb* next Inundation. Ihar 

wmU mi eteftftj marked ml for . lv The nr*t thing 



waa to .'in mil-' the WeXern IVfOfa awl "111* jiUIn of 
IHrfabrrda." 

A number of iMrtubcrd* mid other ohjeet* were blctu-d 
up ou I be surface, and the object reglttter wn> atntlcd 
with them*. Muni of the putsherda apia-nrrd to be 
Nubian C-groni- r\mr trrnebe* were begun luanardl 
Italy h«ind ilHiut tin* I'efufa "to determine the char 
neter of tin. rtYprl* and I lie itrtwbre or Hbneiice of 
«nw." All but flttf of them? treia-liew »howed the layer 
of Miirfacv pnt*hpr<1» mid other fragment.* to 1n> about 40 
to tin if i it 1 meter* tttlek. retain* on n siih-wtll of Nile 



mud. ii nd ulili no tract? of grave* or Mnieturca. Rut In 
TrwH*h £ we crime on a mat* of liunil brW-k walla, nod 
aiumii: litem a fragim ut of mi lnw'ril>*I Hliibn*ter cap 
vrltb the name of IVfiy 1. ilie kibe umlcr Hln<m h«h 
horn Ibe Impy wbow u»|»luiidcred tomb we had Juxt 
i'.-umI at (Jka. 

A aerie* of wullw were rxca rated on the went aldr. 
ahowrhog foil Dilation* of four i«erfnd* of occupation. 
Knutoeuta of Inscribed ulnlm**er gnve ta* (be name* of 
NVfff-kn-Ra. Pefiy 1, Aim-tiemlwt I. and mlattaral 1. 
(•Riving that Hie plnee unm i»eni|il*«1 fnun the l«Ttln- 



. Jut* 



t 






Rone and ivney M** pi****. decoralUiaa from wooden furniture. 



Oatrich feather faaa from the great cemetery of the Ilykao* period. 




Nine acarab* and a golden crocodile from Ibe 
great cemetery. Mia ale cup of blue pant* with 
name of Heaoalrla I, from wewtcrn Dcflfa, 



Beaten sold caaea that covered the wooden bed 
lega, and a gold necklet with a ainglc red camel lan 
bead. 



Stela of black granite dated ia the thirty -third 
y «.ar af Amea-ea-bat III (1816 B. C). giTinf Ui* 
ancient name of Kerma. 




t'bair lega and bed leg* af wood. rn» hide aandala 
and head reat from cemetery. 



Pottery from room a of western I *eTu fa- 



Mod aeaJ-impreaaiana from the weal era Uefufa. 



®>kk 




Wooden diah. koht-paleHea aad broaie objects. The flies are military decora* 
tkiaa. The hatrbet-ahaped toob were tiaed aa raaora. The daggera hare 
flnely carTcd Wor? inO ItTloiae ahell hllta and bnifaf Hwlfl. From the great 
cemetery. 



Heada and amaleta, arranged in the following order: Greea glazed rock 
rryntaL blue faience, bracelet of blue faience, bine faience, carnelian. beryl and 
blue faience, girdle of blue faience, two apecimena of blue faience, blue faience, 
•fid I no amelhjal heaiK |wa apecianeni of blue glazed qillrtlt 
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Mai of Um VI lo th* Xlt DTiuuty, We followed 
III* outline or III* Iwrnfu arnood Its tour aldea, but It 
was a aolld bmm like. Uio under part of a fortrrjsi. On 
Uw nut there was a aeries of rooms ailed with (be 
aahes ajid ooala of a emit couflairatJoti, and on I be 
floor were pota auil puna, bone Implements, pleeea of 
.*lrh:h exipi. over a thotsaand aeal'laupreaalotia I11 mud. 
and many other remains uf the laKt occupation— that 
which ended In Br* Ttie .wl.lmpiwlon* uxod Hi. 
dale in lbs I!) two. Period. 

Itnund about the llerof* were beapa at exlica. aLag, 
unnnlahed faiences, uniliibvlii-'l |K«trrj. uuAniabed etuoc 
heads, aod lum|M uf raw material — red barmattte color 
(for palutlnic po<terv I. gray Uriok Hot glazing |wt- 
leryi. lump* of malachite, natnnil rock crystals i for 
»). ostrich eitXHliell (for making <11ak- 
<fvr mnktrnt ornament* for cap-, and 
n rears i . Tbe mud seal-lmpresslona awl be erowldored 
lu It) 1« mim coruMvtliw. Tbey hud been aimed to doors, 
lane*. |iota, and baskcta, bring pluced over a string knot 



dunce of the? mud aeal-lmprrBsl.uin nbowed lb«t lliejr 
bad been Ln torn fur iKnietleal i>air|s»u.s. prolaihly con- 
los'tod wltb traalliig Krum *H (Ms material It la 
only fair to conclude I bat tbe fort waa Ihc center of a 
trading and manufacturing pnsl. at any rale during ibo 
llyltaoa l'vtlod, and probably a» far back a* the VI 
I lynasry. 

While the work on the Itcfflfa proceeded, a aaall 
cans' waa delalled to aearrb "Ibe plaLu of potaberda." 
To my rarprhse there van uo ancient cemetery In IL It 
waa a plain of poWaerila, notliliif more. Tbe layer was. 
never more Ibau a few cenlltneten deep, and under It 
una Ihc dan Hllbooll, possibly alluvial Hut anally we 
cane on a lnle cemetery - a thoroughly plundered bury- 
ing ground of tbe tlrst ami •eciicul ceoturlca A. I). 
The buriala were only Juat under tbe surface: ami 

—the plain had been denuded about three feet aliicc Oie 
second century A. r>. II wax clear Uinl Ibe Inyer of 
pote4ierda lay ret n denuded surface far below thai on 
which lived Urn men nt their day. The potsherd* were 
r pan of type* known Inlmu ancient a> 
and a« they were w> freely mixed 
with bnuaebold Implementa and animal booea. the layer, 
It seems, must be all that rcmalna of u wide-spread town 
of that early date. The liouava have dlaappeared to the 
laat veatlge throajghrme the treat plain. Only tbe Defflfa 
lu«lf remains, and the few walla burled under the 
«V»ri» fallen from I tut mm* of mud brick. 

Four wncka wcnl ln tbla exnmlnallon of the woatctn 
aide of tbe ban In. The registers were, fully kept- the 
diary with Hi sketches, tbe object register wltb near a 
thousand drawings, tbe "holographs of work and oh 



did not appear to be a retaining- wall sucb aa aur- 
tnouulad the Nubbin (*-groi»p grava*. Yet In the very* 
luiildln was a plundered pit like it t' group pit In idle. 



was further cust. and before Minuet on tbe 12lb, at 
though only a down ptiuidered grave* had been eaiehed, 
I knew ( bad tbe cemetery of llie garrison of the 
lliksie. Perl.id, awl lliat the trip waa I" be a Marw. 
Ill ever? way. 

IVrmit me to recall ino time lu which l bin garrlmm 
hi-M Kcrma. Ily aatKl II. r,. tbe Ktjptlon had alrendy 
lM>uvin bla exploltatioa of tbe t't-pcr Nile mid bad been 
led In military force as far aa tbe pttwnl rroviuce of 
I a^iKolu. Ibe lichee! area between tbe Aaauan border of 
KOPt anal Ibe tro|dcal ^udan. t«ild lie rerlaJnly 
bmiurtat ana), mid cattle. Ivorv. oniric* fciilliera aral 
eiBM, ebony, akin*, reali**. a|4cea. mid Imviiao— till came 
through the province In tnule If Ihey u>>re m>t prvaliaced 
here. Mnch of rhe valuable nuirerlal hr.auhl itown by 
Ibeae exiiedltlona wna prolinbly of tbe nature of tribute 
or blackmail levied on the trll« of the tiudao. it la 
■liilblfnl If an.ilhliiil of eorTe«iM«iilliiK value waa iriveii 
In return- llul ^etilil, one ..f the Ktfypllan comrnailib'ra, 
who led an e\|a>.lli|.iii liHber, "oliiimeni, lone*. 

clothlmt. oil" to make preaetlla Ar Kerua til* "illy cr- 
taln traco. left of Ibwa- (Oil Kuiplre military 
tlona are the fra-rmcnu of aliilmater n-wrla with the 
nnuac of l*c|»y I. Juat went of the Wcatcro llefnfu. In 
an area about thirty feet autiare. In a layer of av^rtt 
only about a fool thick we fonod frajnncota of aeveral 
hundred aUHle veawla of the Old Empire, and other 
fraxioenfa were foutal all over tbe idle. It la quite po« 
alblo that tboHf were dMribute.1 aa royal strta lo il,.»e 



thla pwrpoae, tbey may have la-en ufced In trnde by ibo 
leuder of tbe exiiedltlnci. In nuy cnae, the cn-nl mual 
brick fort was probably built by one of tbeae Ito'rrttun 
exiaallttoo. and held by them durtiut ibetr a«ay. Kenna 
U one of the placea from which the I'ra-en .ValiniU -rolil 
mine* nay be reacbaal: It holda Ibe northern entrance 
of tbe rich province of iXiotiola. ami would bale been 
a valuahki baae of operarlofo. for aii>-ti on expedition. 

Tbe emuicr part of our kiu.wiedse of the Kxy prtmi 
expcdltlona ro Nubia In Ibe nld Kisplre i-.in»o» from III." 
Inacriptlons which tbe jrovernor of tbe >ioirth. Hnrkbuf. 
bad carved on hla l.tmb at Awsuau. Ilia expedltlooo. 
were under Merne-ni and IViiy II. aucceaaora of I'epy I 
Hut the Inacrlptlon of 1 nl. of the lime of Pepy I, ilia 
tlDctly atalea lhat ibe kliu; ral«al levlea of aoldleix 
nmon* th» fortrewea of the negroea of Nuiila, It la. 
therefore, proriably only a chance that no account of 
eXDedttlona of I'epy 1 to Nubia have been found, and 
ennotly a matter of chance that no inacrtptlona. of Uer- 
nera anal Pepy II were fonod at Kenna. 



, and tbe card record of each a-rave. In the 
end tbe outline of tbe hlalory of tbe alte bad keen 
pieced together from acrapa. Anlatlrally upeakliui. not 
a atnxle thing had been found- not a thing whb-li muld 

lime from February Ssth to March 12th It appeared 
that tbe whole trip woo 1.1 protiably tie a failure from 
live polut of view of tbe mltaeum coHectlona, The only 
cbeerlltg thing waa the fact Clint we were on the alte of 
a groat town of Hw- Ilyk^M IVrkal and twrlliY— that 
we had found In* perlml at any rate for wlila-b we had 
wane to the Sudan. Tlinn at niavu m, March I 111. I 
ahlfled Ibe work to tbe cistern alii* of the haalK c.«ilt. 
ilrait that Ibe niaallug of the wcalcnt aiile could uM rob 
aa of any material of value. 

I ordered the men to clear the lira* alone ring (X.i. 
Mil nairll. of the Kaalem Kctofi. fly evening It ».la 
• ana .anly on tile aurtlice. It 



hw-r.1 Ibe reign of Pepy II. It la pr.*ahle that the Nu- 
bian irlhea went their nun way umllaturbcd. In tbe 
Middle Kmplre, hnwei*r, the explollnll.Mi of NuMa by 
*:srot waa reaunrKNl and placed on a loore «e. ure naming. 

Srwoalrla III art lip a taMinrtnry alone ..r KlIOMlieb, aouth 
of Haifa. forbl.Mlnc any negro lo norlhwurd by 

land or water except trudera and otbrlal lueaaengcra. 
Ttiia atone markeil Ibe aouthern bonier of Kgypt, but aa 
a rnatler of courae. not the llmlta of l^cyptlan actlrlly. 
Tlic regtVin lo the a«iuih waa certauily laid amler tribute 
and held In aui.jnetlon by n-gitlar gnrriarnia, both dur 
Ing Ihla reign and Ibe auecooillng one At 
found a few frngnarnta of a la taster nw. allh the 
bamea of ScMotrla I and Amena-mhnt I, and a minute 
frit cop wllli the unlike of Scurrttrla I which into Is tin- 
certiilnl. Niar the tUair of Uio hulldliig \o. II Iher* 
•aaa n fnigmenl of an Ima-rMlon dulial In the thlrly- 
Iblrd year of Amenemhal 111 • Scaltcrral over Ibe .ur 



face of moiuula IX ami X we picked up fragment a of 
|ierhn|M twenty. live royal atatuettu* of the Middle 
Cmplre. Tbeae bad all been Itilenllniinlly smashed, 
iiii.l In s..ine caaes bnrtil with lln-. In ntaiunt XI there 
»»a a small building, apparently enlarged and re- 
stored, aiwl last occupied In the Ilykaoa Period, that 
la, In tbe time of the men btirtad In thn gnrrlaon ceme- 
lery. So It la qulln clear that Kenna wn» held by the 
klnga of Egypt during the Middle Empire, aod that the 
live building? now marked down in mounda I. II. IX, X. 
and XI were built or rerotutructed during that lime. 

Thua we conic lo the ITykaoa PeritHl Itself. Moch 
liaa been written llbout thra period In r"*J |rf. but our 
real ki>owlcdge La aiuall. An iinldentiraM race ciinte in. 
apparently from Asia, cotapiered niwl held Kgypt fur 
la rhaps a hundred years. Hul wo do not know how far 
■anith they bold It. nor how their aitmlnurtratlou wa. 
orgnnlziaL 

Mi. we cme back to Kermn. and here ln the llykao. 
Ivrlod it a .Mii.iny of men, hiA negro, and yet n-it uainr 
i:g>ptlan furniture nor Eoptian burial cualoma. The. 
wwal the buildings "f Hie Ksyptlana of the Middle Kji 
plre; they aninahed the ataiues or Kgy-ntian kings of 
thn XII Ivy-nasty; and tbey made their grnvne in the 
Mbrtx of an ancient mud brick structure, Tbey- were 
apimrently a fleree at 
manlfeatly made locally, la i 
lltul IKrttery ever made In the Nile Valley. In fart. I 
kuou- nollllug et|ual to It previoaa to the floe, potlidmt 
latate-warea of the Greeka. Their burial ctmuna arv 
revolllng In their tatrbnriii-. On u carved b*^ ln tbr 
middle of a bin circular pit the chief |>rramiate Ilea on 
lila right aide with bis head en* fiader hla bead la t 
wooden pillow; between hla legs n aword or dagger, 
bwdde hla feet cowhldn nandala and an ostrich featlier 
fun. At hla feet U hurled a ram. often with licet 
knoba on the tipa of the noma to prerelit gotiiig 
Amund the bed lie a varying number of bodies, mai. 
aial female, all contracted on the right aide, head 
'•n -t Among tbeta are tbe pot* and pans, the coamrtlr 
Jars, th* stools, and other object* Over tbe whole 
burial Is spread a great oi-hlde It la clear they were 
nil burled at once. Tbe men and worsen round abjut 
hum have been aacrlllced ao that their spirila mix bl 
accom|«my tbe chief to the other world. None of thus, 
ao far aa I could observe, laire any marka of Tlolexre. 
Seierul bad their fingers twlaleil Into their hair or had 
i-overert their faces wllb tbelr hamU. One woman bad 
atrtiggled over on licr back and waa ctntchuig ber 
thnati. lint now of them lay cum|«-acd aa If uilr-V.1 
to die qutetly. according lo the cuatoat of their faihera. 
I could not escnpe the belief that they bad been bnried 
alive. Who nre these people? There are, It la trae. a 
few begroea am.wg the women; hut tbe chief aavo are 

llan, whence cimea Hie at range pottery and the awful 
burial cu>to|n? 

it la hoped to submit Ibe laioea to Trot Billet 
Smith, who will, wllhoul donbt. be aMc to nay wbellier 
Ibe men were Kgyptlntia or nol. If Ibey are neither 
EgypUana nor negroes, then ihwe are many raiwibllltlea 
— Arabs. Ubynna, a mixed land of adventurer* freva 
tbe north, or even Ilykaoa. Tbe name of Hheahy. sup- 
posed to be n llykeos king, la found on aeveral of the 
*enl-lnipr*H*li.lin. Hut It fa not possible at present to 
reach nny safe conclusion on lite race of tbe men "< 
Kerma. The expedition bopea to return I here the can 
lug winler aod with favor lug chance to unravel tlx 
myatery. There nre other mounibt north of the n-ror 
lery of the llykarw Ivrlial. and rhey iitay gji« ua re 
malrvi of the enrlkT gnrriwuia. 

1 fly a f»T1oii» oilocl.laii... al.nl la. «m. tlv.^ inr- 'V|v.|l 
lav. foiiarl at our »VJ ailr Nac^t l» a cravo rt^la *tel 
la tro- ihlrtleia year trf Anii-nmliat III. 



The Clolhinii Industry* 

Tin '-lot'iing iiMhiatry of III.- I'nitcd Slates tunia out 
pnaliii la valied al frMMkn.mn m-rt y-ar. and of this 
cnoniuoir .|iiuiility o.or ota^tialf l* lanaliviasl l.v tin- 
.stale of N't w York. Many i»f the llirgo eile.^ of Ihi 
1'nil.vi Slate*, including New York, t 'liicago. I^ilailcl. 
phia, and Itallilleir.-. are grv«t c.-nt.rv f..r lliiv indilatry, 
•(.wpilo >'!>!•> vn'- thnt inn-' I- (lierv: .•« I »-n- 
< i*m having >Ik,wii that urtiao l..-..li<..iUoi i. . ».-. . .lingly 
ilnport-iiitt. on ais^iiiut of tin- d< is niloiifo isf lii»- iiiilii.lrv- 
on Milsa*. Iff Iho |a*.^enl nrti'-lo n- dcnl n^ainb with (ho 
iiijuuifK ion- of nvtnal gartiii nta, In the lindi r«.*r 
industry lb- iLa/arvia arc siimlar. loll tn.l wliollv ul. uliciJ 

The eWaf implement! of tb.- giimicnt-aork. r.' tnul. 
ar»- Ibe roaMllc. ihc arwing lnachiTii'. the pre^niu' iron, 
anil the -.licar- niid rnlt'rat owluti.-.. mid Ihc workers 

may lo- . 1il..'II. .1 lo. iniM-lii |H-r»t..rs, Imriil »«m, 

Mn-«««. trimma-ta, and eUh-n. Thafe ur mini, hfiv 
tv «n-.~i io.-'U.^J in the making of a earnu-m. but inai- 
inii.li a., th, v nr. lartf-lv |s.r.-l.*wic.|.oi., we .linll lis. nli.-ii 
only tl*>.e in which ». iili lils are lll.«t llVelv to ,s < or 

• The Trawftri duistara 



Til.- cloth a. received fntfn 111.- mill la ItM c„ m| »n-d 

with the sample, and if the two iigne. ii >, il -rinonlly 

exaininial for dcfc-ia. The iinncipal huud in this ih»- 
partuicnt ia lliai dn«' to tlw ias.-tl.i|ity of the workmen 
la-ing injur.. I hIi.ii I'uiolliia; (lo- be:i.>' Mia of material. 

ln some cue.* tin- cloth, after it bus Is. t. cvamiioal, i. 
placavl in a vat or tank e.mlaiuing wuier. to shrink II. 
The ausio.inl '.f .hnn'iwer varies. Iml it ia oft.-n a. mue-h 
ii. fnuvi tan to four yanls in fiiit. originally .'HI yun's 
King. Th.- el.vll. i. alloWial lo li. in Hi. t-i I, k Tor '.'1 lusura, 
und ia tlo-n huiu! on "xrliavul rackv to dry. Ml. pl»dd< rs 
aliould pp<eral.l> Is. o.e.l to renew Hi. rneks. hut iirdiruun- 
Udders ar. i.fl.'ii . inployed, unci lu all ..ii-li taaM^, they 
slbould 1^- |srovided arith safet. feet to i^i'iotit slipping. 

The .hniikmg nn.1 drying itoc-ss.-. dcstrv>> the linish 
of the g.ssls, uinl. to restore :t. I li* .'l.it'j. after drying, is 
trvuteil in a |«?«-vs. sl.a.t. of eiLrillsoict of a a|wa-val kind 
Isiixc JH^acial ln-tw.au th.. sueec.si . e lavers. l*reaM|rc ia 

then applied by iiieanv of bun] alo.l*. and th" ,-li.tli is 

Hll'.a.sl Vi n-niriiri iti Ibe |>re*a for to. lira. Sou. kitui* 
of gomls reipiir*- tlo- llppl s-Jtl.oii of lo\»l :i. a.H ua jirw.un 

to n -tor.- tr-c tiiiish. iiii! wlien thin ia ii.a-ssa.iry Hat in.n 
plate* arc biwK'i ill a eH*m- jacketed own and plua-i 



bctww-n the layrr.. A >l.u prrssurr of alaiut .W 
pounili is necessary lo raise tbe iron plat.-a tn His. 
ctiilraat letn|a<rtilure. 'I'lic yai-kct- of the beating owns 
should bo prnvidi il with aafcty-val. **a to peevml execie 
priauure. anal iIw-m- ahaiuld he cuminasi unl lea led fre- 
quently, lo make .ore that they are in good vrorklag 
order faro -bmiUI !»• cx.reioal In handling the hoi 
|iU(«ai, nait only l.< gila,rd ag»iust lajrns. but alao to nMiiil 
dropping tbein on the f.a-t and thus caUAiiur injuries. 

In sonic fa.-lori.-a tJo- cloth ia remoicd froni the rolls, 
aft.r it has laen • v.-mimi^sI , ami i« fiald.vl by inachines 
ll|a'nitors of folditiic ni«a-liir*es should never try to dean 
the .-loth, nor c.cn to araootb out n crvH*c.t |airtJon ofil. 
while the njocbtnc* arc running. It laiya to aioial ac-i- 
il.-llt by at,,|.|nmc the ni;u lutiaw. In puxt]cu!or, the clolx 
ahoclil never la- l..i;.-toil. for an. rv«si.u. near the pniDi 
nt which il gin** ta-t aw n tbe rollers, aiol lo afford ppc 
Uvtion in rait tliu i-aution ia overlooked, ilivre ih.ml'1 
be a gitarvl in front the- intake rollers, ao that the 
thoijgbth-aH Murkninli iiiav not get hia finger caught. Al' 
. V|»iM.1 Is-hs. j»ulta-y:i. (iiu., ' l«'h'*H, uinl other dan- 
gcroua moving puts uf tho folding maa-ltlnisi altuuld aiac 

^"Uva, guarded. 
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jtn Ui» callers take the pa pur patterns 
from the drafcniiMt roam, atd mirk th«r outline* upon 
the cloth with chalk, after wluch tho cloth is cut to tbo 
cbalkod line* by shears or by cutting machines When 
■Jinn aw used they should always have their points 

with shear/ occur when the men in doing cloa* work 
near the «1<T of the c-toth. »n they then hare to hold the 
cloth in order to cut it properly. 

lit makinc thi' lower itradn. of tanneot*, In cuttlue 
limrurs. mechanical or electrical cutters are used, and 
fairly g>»od work can !»• done *Hh thciu. The maximnm 
amount of cuttinc for these iwhium I* about Sir thiek- 
ttrx'v* of suitinjr at our of., nitron. 4 v> runny a* twenty 
piivos of liniru: irwy !»• ' at "l* time, however, but the 

work i» apt to be poor wli-it this n l»c I* exceeded. 

MeubanktaJ and .L.lrirnl euttiuir-maeliinM eaiww many 
serious injuries', and th«*y should therefore bo iruardod a* 
offi'etiie'Iy' as jheoohJc. IV/jcn workmen are eleaniiut or 
uilinc Ih" cutlers (ber should nuikss Mir* tliat it la illl- 
pewtshht for th« mai-liul.-*. In fie h tartrd accidentally. 
With rjeofrioal machines <>„> „U, K J,ould be dsusmnistod. 
and when mrchaiiical br/t-«hif (or( , „„, , TO vided these 
shoold lw locted in the off" pnisjrioia. Workmen should 
oxerei*o K|aelal earn wbt-n usirjjr tile* euttnrs near the 
edsis "f the material, a> it it home th aa.t the great majority 
ill the accident* occur. Shears ai»«l other impluiaciits 
sloeild n*«r I* Mt nn th.- culiiruz t»Mw. »>>*«> not In 
use. 

In the • Bi«kiiw" Twm Umi •wi.rlo-r-R apeeialiic in differ, 
ent prweiaes, one bcinr. » »r».t-i».i»t. on ha-llm;. another 
on Wtton-ewing, and another »n uttachin* collars or 

feeding in pork*,!* or sleeve*. - , a 

Accidents from the punctual! «' -n.-r.Uve. Biurcr. 
hv tewing m hiie ncedVsi , r u,l >' frequent, largely 
l . — .1 rn.er.ine!> •« f "" R " extremely 

"■r* ^ r,„Si»^«'««'k- s.,me 

:r.^:vx;.;;^The ,, l .ia.ed . fcr . ; » 

hnak aiHl that if an operative i« aeeidenUdly prieked, 

• I... *„„r,d will be eloauer. lh " ,1,c daI W" °' W "°" 
.he wound will De e« dimiiu«hed. It b «IUI 

..^■ung will he w ^ tll „ „ f „ 0 , (, 

s^i: tsJ ^ r ,w r ,bnuW 

be exireiwl by o|>erH''«~ "»"« Poeket-Mrglng 
,V.in~ and the Meeeo lu " 1 ° ,b,,r haltOn-hole 

gTwtal: ™» »* »** ,,WNl - iBd ,h "- v " lw,,l<, 

alwuv- he goarde.1. Jherear^ , «wo« r«hr» appeopnate 
an,l ••He-live form, of iro»rd. on the marke. 

The charting driving the maehinee idloiild aim lie eare- 
f i Uv guarded, and uDeVnr the lienehe* it Hhould l»- entirely 
. •!.>«•<! forrtnen often Wlevn that »nmoth ihafiing 
•iTnot daneerou". but ll>i« w a deeidedly wrong view. 
. aeeident* are very common, from women'* hair 
ing caught by rapidly-revolving fUafuox, 
> no pr»ji*e(ioo> on it wliaiev>>r. Wom>'it 
workili* aliotit mwhinery <il any kiod »hould wear neU 
or eape 1° confine their hair. Furthermore, they ihtraM 
m , 1( rr do lip their hair nor change their clothing tn the 
vieinltT «' nuM'hinery iX" nny kind KhnUnovre, while It 
i, m motion. The foUnaing brief aeeount of a recent 
^■idirit illmtrnt<« very ciearly the danger from Miiooth 
„ D «fting. The ruunea have been etariged for obviinis 
reawil". but otherwi«e the aiTount in cpii»| verlintiin 
frujn the newspaper n. which it appeared. 

• Mi» Mary l>"e. who wa» at work yetterdny afternoon 
at a .ewing ntaebine in the laee w«i«t fai'tory of Black. 
While it Co.. on the tlntd lloor or the twek.— wry (oft 
t Lncoillc N. J., reached for her liaxetto, whieli 



be well guarded. «o that it win he 
ini|«>o<ihle fur a workman to get burned. The swinging 
arm*, which earry tlw* iroiei for iirewiug *^ioidd alao have 
stop- board* *o they will not over-*wiug and hit or burn 



because i 



ehlnea. Ah »hc slouppil, her 



operate* a row of uewi 
long Win k l>air. IoowlikhI '•} the fall of the l«rett>,. Ml 
upon tie* shaft and wan wound about it. In a wocond t,he 
had teen dragged to the floor und her w-alp torn from her 
he»d. Ur. Johnaon who arri<ed In an 
the New York llotpiul, foaivd Miw Di» 
Hhe rev ived as she was being taken to the ambulance, and 
btg^ed to be taken to ber home, where ber motlier was 
waiting for her. It wan «aij at the ho«|>ilaI laat night 
that h»r injuries were wry areioini and might result lu 
death." 

Individual motor-drive i* rapidly coming into favor for 
Hewing machines, and is taking the place of the mcchanicM I 
drive anil of cfeytrlc groil|>-dri>ing. In the individual 
dri<e the prime nvoviT in directly attached to the sewing 
machine, and the ci»enry wa*t<-d in frirtion ami otherwise 
i* nslnc^i to a luiniminn. Moroo.r, ali.n thu tnrlhod 
of driving i« <l-e<1 tlio cow.lilopli.iii of powrr .s^m a« 
^.Hin an the machine wtop*. 

In the preoflng department. ^iwiuUxntiou iKcv.n nriee 
pronoiiiici'd than in the niakti^ room, innionoch ne one 
workman may l e skillful in powsing jjeeve*, while another 
ii. Hett'T ipirilitl.d to |ir's> .hilars. Most of ttrii pressing 
is <lone by hand, hot •he thick portions of the gamietits, 
where the |sulding iotne«, sr.. itrvsreii by a uiaehine which 
is usually capable >>l |ieo.iii<^ng a pressure of aboot l.rsgt 
pound- Tl». table on which the ranient is pn-s«»l is 
kepi al a t.-nipcraturc of ale.ul aw iSr.'Kal.r., and the 
iron is heated to uliout :<'sj d«s. Fiihr. 



(las Irons are used very commonly for premlng, and 
care should bo exereosid to mc* that the rk-xibio tubing 
connecting them with the gaa supply is kapt in good con- 
dition, awl is not allowed to rest against the hot irons. 
In sumo of the pressing operations the pressure of the 
gas as ii is received from the city mains Is imofneb nt to 
keep the irons at a teinfHTnture high enough to permit 
of continuous work. It then becomes nroessary to in- 
crease the pr.9U.ure, and this r* accomplished by nvtianpt 
of a small compressor which it usual]., located in the 
machine room and operated by an electric motor. The 
pnwsurvi should be carefully regulated, and a relief-valve 
should be connected to tbo eompreMsor to prevent exessw 
pressure. This relief-valve should be examined and 
t*wfed frequently, and it should ilincharge either out of 
doors or into the suction pipe, to avoid contaminating 
the air of the workroom. 

When electric irons are used, all possible precautions 
should be Inkrn lo avoid cleetriral shocks and horns. 
The extension cords should lw kept in good condition, 
and all of the switehrs, f usea, and other sitnila/ equipmeul 
should be inspected frequently. 

Sp»-ial study should lie given to the subject of ven- 
tilation, bseaiKc the eorelitions lu the workrooms are 
often highly unsatisfactory in this respect. Ventilation 
is of vital importance in workshops whore clotlling is 
manufactured, on account of the large numtw of worker* 
in a room, tlood ventilation promotes safety, tieoause 
it lends to keep the faculties of the wiprkttrs active and 
normal. Furthermore, the operatives will work al higher 
efficiency if the workroom is properly ventilated. 

Careful rupcrvuion .hoidd he exerciwd to see that fire 
escapes and exits are maintained ia good condition. The 
fire escapes should be kept clear and free from otatriic- 
lions. If they beootu* coaled with frost, ice, or snow, 
tliey should he thoroughly cleaned. Exit doors should 
always open outward, and should W arrauged so that 
they may be easily opened from the inside at any time 
without the use of a key. Kntrantm. stairways, and 
passageways should have a width appropriate to the 
of traffic, and they should lie kept free from 
I well-ltghted during wurkioc hours. 
Can. should he taken to ie» that the gas is turned off 
from nil gas irons before leaving the work-place, and that 
tlie current is shut off from doc trie inms. Rleetric irons 
may he connected with red incandescent lights that will 
show when the current U on the irons, and trill be ex- 
tinguished when it is shut off. Serais, of cloth, ami wasta 
matter of every other kind, should I 
day and deposited in metal ca 

COTOT1L 

It is exceedingly important to have supervisors or fore- 
men nt the exit doors on each floor during the two leaving 
periods of the day. lo -ee that the workers (II. out In 
order, because muny serious ar) ideuts have resulted from 
trivial and seemingly unimportant cans.*.. The workers 
should be drilled, so that in the ov.nl of a flee or a panic 
they can he handM effectively and conducted out of the 
building in safety. They -honk! be divided iato squads 
of about fifty niemb.Ts each, and every su.uad .bouW he 
ill charge <»f a d*-*iirnatcd worker, ssleeted Willi M^crence 
to his CHittt*-.' and g«sid sense, und the confldnres- that 
the other workers have in loin. Many serious iianirs 
might have been averted, if the workers had \m or- 
iratilnsl In this way and drilled from time to time. 

Hoof », when Used as place* for rest or recreation, should 
lie effectively guarded by railings and toe-boards, and 
nothing tbould ever lie thrown down from them. The 
railing" should lw -el about six feet back from the edges 
of the roofs. Skylights should be protected by frame* 
of stout wire netting, aiut the skylights and. . 
Jeruld be glansl with wired iris 



i of Poinoaa by fire i 
Sjttem* 

Tns; subjtet of the selective affinity lietween certain 
is.i~.iu awl the central nervous system is or... that ftv- 
si nts many poiau .if iut.,r.»1, with re«is--et not only to 
rs iieral intboiogy hut also to the pathology of the nervous 
system. A number of obserTcrs have [minted out that 
in varum* ly p**i of intoxication the nervous system con- 
tains an amount of toxin groaler than any other part of 
the body. Ogier and Skolosulsiff demonstrated the 

i* i-m-uk' ;ii iSt* hrrain in caws of daw ifilonlcntion 

hy tint, drug aim) tin* |tm*ciKTof a luntr amaun, of hyiro- 
rjanir Sfrid in the brnii, *ml ttpituil curd id rB*m of rapid 
jHM9oiunc by thin tub*. toner. Hink.Ur <ifi*»rxvatiuD< h»»« 
tjiH'ik irmJe wilb rw|)rft to lt«d und (hr> aTHHtllu tlret, 

TK» «uhj«<n h** U-*.|i apimrtvrlvrd from tbo nrir|»oint 
of tbn mifTObir pi>i«i.|w, rmrliftiUrl) tliow- pn-Jo«Mil hv 
ilif .Hphthrri. bow-illm, in » wri^ .rf Inv^tiirattotK p,T- 



multo of t»iel/ •tiMlirw wm-o tlrnt rpportod «v* ywi* n«<. 
w)w-n ih*ry dotwrribed the fintiuo of tbo dipbtboHa loxin 
by rvonr tiwun. A rompwheiuivc «urvLn- uf thin xubjiTt 
U prrwrutrd by the** iiiv«Ht»toM in U frotri* KA..n«f, 
July llth, IttU. In thidr orifinal work they bud Oman 
ttut tb* nwdnlla oblongatK of pAtkau who h*v*i dn-d in 
tbo course of severe diphtheritic panlyniii contniet toxin 
■ubstanimi th»t hi* not pjv*s?t.t (a th** chot of individiiAl* 
dylnt. from ot)i«f affoctiocs*- Th« tnxi«iy of thi- abovv 
0iilMUnc« «*w> d4it«rinitk«d by tbo foot tbmt otn.il<ioir* uf 
Ibo moduli* oblfMijrmta in phyiiioIucicaJ ttalt eolation wbota 
injt<rt«d into C^iknm |>ijri* caUMKl tliv >b«th of throe 
animal*. Then? t* * dirort patJ) of Ui" diphtheria toxin 
from tbr jibaryiu by way of tbo ouvw to tbo iipiiial 
bulb. The affinity tatweca tb« diphtb«<rta loxin and tbn 
n«rv«« is a partimUHy dono ooo. Thno th"** InvrotiKa- 
tori in ^ollaboirotiiMi with Grigaut *howwt that if dtpb- 
tbnria toxin U farouxbt into nmtact with avrrc timir th»» 
to sic propertsWw ■mpartod to the tailor ratuiot be rrmovrd 
rv«n attar repcwlfd washing with nh>i-ioloirwal oaJt <n1u- 
lion. It wot* found that th-ii phospborixod UpoidM of tin* 
ptinophatid croup (l«-*'thin ( c*»pbaiini have un tnto|Mi> 
Hxizts powvr w.tli rt«pcct to thin Xothu while tbo non- 
Irboopborir'jod lipoid*, surh an ^holr«Uirui, aro (mtirtiy 
inarU>o in thin roapei't. Diphtheria toxin wbrn eombliiiHf 
with nerve tisNit* undonron a marked activation of it* 
toxw propxTtk*. the period of inoculation of tbo exneri- 
atHQital diwa« and tbo duration of tho tatt«r bviine coo* 
Hidt rably ftbortscned. 

The toxin of tetauua u like wise Axed by tho nnrvii 
tifouts. but Is oootr**t«»d with tlw* dlpbtlieria toxin in 
on* re«|»ert. naiunly, tho nerto tiauio of an animal or 
haman txiiuj that hu snocumbod to totanai, if iaoeulatt'd 
into a laboratory aniinaJ, will not evoke the di»ca*n unh'fM 
tbo amount of U'taiiu* tntln prvM^nt etewlii the a»inoiint 
that lia* np.Jtrwix«l by thn nrrva timuo, Aaotber 
di*tii.p.i*hi>*- eharoeUTiotio w tbo fact that tbo pb.io- 
pborued and nott-phi»phoriM*d Upoitfa, with the nxm (»- 
tion of prolaicun, putmme but slight fS*.inc power with 
re*pe*t to thi* toxin, whil* tbo albununoido ar« »tr>>nel.v 
tfxativo. The dim**] diftVmvtc* bctwowi diphtbprin and 
lotanu* are probably to be t-tpUined on tbo baa. of the 
above dUTereti«*; the dipbthcri* toxin which raoim 
|Miral>i«i« U flx«i and artivalod by thv pho«pboriiced 
lljroiiiw, wbtto tho trtantit toxin which evoke* musrfo 
xpaiun U partly fixed and neutrakli^«d by the protMit 
mibitanm. 

The poi-oiw of tho tuboreln btwiUiin aro fixed and 
artivatod by the nerve tisaut*. TaU-rrulin wbnn mixed 
with nerve tirsue haa it* powiT inervvwyl at miirh an 
fourfold. Thi* faet may mrvp lo exptain hoitoj of the 
lihi'Bocnwia of tubttreiiloiifi mfiiin«i|iw. The adult or Ibo 
i*tiild affortod with the latter din« before a local dsufduae 
bujt born ort up. Frequently at autopsy on eaauc. of 
tubcr* ulo*an nietiineitli thi»r%* are ob<*T>et| but few local 
lesion?; then* may bn only a eonco»vinn of the Diou.nirea. 
Tb-> rapidity nnd intensity with which thv- ooovu1»4t«i 
and paralytic vymplon** of tuKrn'uJ'»u* meciniritii de- 
velop are to Ik* attributed lo the avulii.v nith wlii*-'h tbo 
jH^itwiitto of the tubrreln rKirilliiM rrjiuhine with (lie bene 
tia«ue, partieiiUrly in tbe rcgimn. oi the medulla and the 
basal Kanclia. It huo been nlviwn that in the iM<rv«i 
renter* Ibe turieMi. hacllh are quw-kly dt-»lToye.l. Thi. 
Iiacteriolveoiv whieh w a mode of defer**.' iwvi>rtheler« wla 
froft toxin* which b^oni* mi>ro potent by being eomriined 
with the eell* that are rvoponMblo for their liberation. 

Thin rubjeet it on** vf engnMmng in lent, t and eminent 
elinieal Importari'"*'. and many of it* n..tiin>all<tn» 
only U hintid at. One may allude to tbe irlretiv.. 
affinity of fttryehnine for tbe erIU of the anterior hornw 
uf pray unit ter uf the ep+nal runt, lo I Ik- lix»1in<n of ateobid 
by ib*' hraln. t»> Ibe avidiry with whteb elikirfifurm and 
ethi>r eombine with nerve tuxue. and to the prvdominnni-i> 

•Hd H l.kewiw aoixed hy tho iv»rve u*t*ni_- to a itraater 
vvUfit tban by any other part of th# body. The Ayuip- 
tonu of anapfaylaxis are to be atlributed lanreljr to thn 
fact that the anaphylxtoximt expend their virulence upon 
the nerve eellif with whioh Ihey eombine, 

1ni|ioriant from many viewpoint* .if intornal i 
i* the hypothe«w that rndoxciwui pieiionn may ' 
in tbe mnc mantter a« tho«e m. Dfk»i>-*l alH'.e. Nervoim 
HyinplAm* vvtch a-> iwralyMin, tr^nuir, ei(jiviilnl..n*, ooo- 
traetim*, drJirium, ore pmbahly the rr*ult of a 
flxataoo of lox»e ln>dief, by tbe nerve ri-eiieev Tlii* i« a 



dewo-.iM exKntditl invmtigatfoa. 

Peat Fuel for LocomottTea 

Tux Swedlnh rullwar auUioritieji have been liivevtl 
gntlng imWerlwd |<m( an a fuel for h-eomuUYeu 1,n 
w.eni) yearn with ii .Mr to ancerlaliiibg Un *4QltabllHy 
ft* vnrlirtiM tyivt* «tf U*rt4n>>t1vtr-, him! He o«*»jt u* r-nu- 
IHired with e-nit. On»» nf rhc luei-niotlveii on the Stale 
Itnltwuy wim filtered fee rbc imrpuw, and ban boon In 
time hi rerruliir working lietween St.-oK- 



I of view. 
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Fi|t. I. — Gyro mounted with a Cardan aai* 
Tcml joint for demonstrating gj roscopit 



Plf. — Precession carrying the upper end of 
abaft to tbe left by lilting the Cardan ring 
downwardly. 



I is. 3. — Prwciurion carrying the upper end of 
abaft to the right by tiltinr. the Cardan ring 
upwardly. 



The Electrically-Driven Gyroscope in Marine Work — I* 

The Toy of Yesterday Now a Valuable Scientific Instrument 

By EL C. Ford 



Cutti. a few year* ago the tryroNCone win little known 
or beard of except »> n child's Iny. although as far 
hack an IKTii' its action wait Investigated hy the Ftvoeb 
sclentknt Fount it It. who pullU-Seri Ibe results of his 
exisTimetit*. In wlilcli he laid down very clearly the 
law* i>f Its action. 

Ill- tlrst hiw atftta tbal any gyro or spinning body 
|H>N*«Hom| »f (brer degree* of freed«*m. I. v., free to rotate 
about a M|»tniili*x axl* and two other Kxm all normal to 
each other, will tend In nmlntaln II* axb> of spinning 
fixed In space iitul may therefore he used to slum' tbe 
rotation of the riirlh- Hi* aMu demonstrated tluii when 
a gym watt given n forced motion nf rotation about one 
nf the axe*, tin* gyro would powerfully rodst aurti force 
while Hi tin* HUM Hmr tending to place It* axis of spin 
In line with or i«rnlVI to the axis of the Impressed 
force. Th !»• iiiMtlmi, uhlrb inkt- i-liMf nbaiul an axis 
at right angk* It Unit of tin- lnt|<rv*o*d force. K known 
a* gyroscopic peeeesnlon, anil always nerura In Mich h 
manner an to bring the direction of spinning tlw< sume 
an tliat of the t more-uteri force, and by the shortest 
pain. Tn other words. If the spinning oxln wore hori- 
zontal and the axe* nf preceonlon vert teal, then tbe 
gynx by virtue nf the Impressed force of tbc earth's 
rotation, would turn hImmk In Hslmulb and place It* 
axis of spin an fur a» piMclblo In Hue with tbc earth's 
axis II. a., upon tbc meridian 1 after tbc manner «f a 
true compass. Tbl.* strange resisting fori**- with 11- 
uhexpected motion of preccwdon at n different angle and 
a | i|ih mit ly unrein ted to t he 1 1 u |tre»seri force, la In 
reality h -imi'le and barteal result of tbe Inertia of tbc 
moving ma»* It- explanation Ih well known and fol 
low* dlreelly Ihe apidlntlloii of Ncwtunx bwv. 

It In noc, h-iwerer, Ibe parts**, of the writer to go 
Into abstruse theoretical cowlitenitlotia. Suffice It to 
say that the law nf prccessJiin explains fully tbe ob- 
served facts with regard to parnlteltam of the two axe* 
and Is well Illustrated in the accompanying figure*. 
Now. 1, C. ami X which >bow an ordinary jryroscoplc 
top A mounted In a Cardan rinu B by plroU «, tbe 
outer plvitfs h t+inn Mip|s>ctii| ii|sm a fork C ritddly 
roonuted U|swi the base IK Hu|mj*m*. the wheel with all 
nnrla aymanctrlcnl. as In Viti- 1, U r>ilalliitt chM-kwIw. 
viewed from above, and wc grasp the Jordan linir it ml 
riettrcfta It on axbt tt to ■■•»iit.in slKiwn In Fig. 3. First 
It will lie found Ibat the Curriiin ring Is |»*.>«->.m*>1 of n 
«iulte nMuarhable amount of rlcldkty and onpn*'* the 
fWvjajj tfodlfjaj to lilt tt llimeier. as lb**s»» force* are 
applied, and though the ring It I- moved onli sJlgbtly, 
?et the g>n»eii>e N aaaaj |g tmt»>dhile1> swlns ItJaT* 
ously thnniKh ii wida atn:te ii|sm Its axis « to (he pt?Mi- 
tloti ntso shown tn Kir J. Ibaaaj lifting th** CkuAU 
ring il- u>m Mill amlti Is? seen to swing tlgnmu-ly In 
th*> npissrile dlrvs-iloti i.ntl: arrested hy the slop as 
»hown In Fig. X 

lor nearly half a ont»ir> after Foiimull had dean 
onstrnted It** ajulfcan. the g.vroMrti|s> was ptil to no prno 
llotl om*. Tbc lute Amerlmn author atwl Hclcntlst 
llnpvinn. n|Kw writings were pidillstwd for many years 
In ibe StirNtirn Awrao was the flrwt to drive a 
gj i i . t»li«'1 rim ll> . I le mu able to enln rue on 
Foiinnilf's experirwent>- anil oiitaln mueh aanre (a-rslst- 
Hal results with hi* eoaiiliinoiiMl.v drlvtm wheel. 

The nr*t «pri4iik> apptleiilUm of the ayn*»eope In engl 
Meeting work was hy itbrev, *n AiiMlrlan naval oAVer. 
who made use of tbe gyroMcnpe to steer MfyeADCfe Alawil 

• r»p»f r«.t wf««« i»« aauadaaa iB>ntute *f i:wtri'«i 

Cnclnt-frs aad puhlkahed la |W frfrMimva nf the Inatltnte. 

wrt o, K*, «. k «a. i'unyrlibt, mi, ky Amtnnio Initllutf 
at XUvtnmJ Riifllsmrt. 



HMIH l>r. Sebllck, n tw>nntin engineer, proposed the use 
uf tbe gyniseo|s> for MuMllfJng ship* against rolling, 
and built a nuiuls-r of exiM-rlincntal pluula which were 
trletl out with some little attcema. At ahoiit Hie mi roe 
time l<ewls Itretiniiu bnmght general ruhllc allcntbiu 
to Ibe gjrrooco|s- Uj Ms aniiouuceuM*nt of it railroad car 
that would maintain Its c»|ii]l llirlvjm «n a single rail, A 
car of this iy|H> VM e^hlhllcd 1n Ibbt emiutry In 11III) 
trad tbe sithjis't of nemonill tractton was much »1t»- 
euMtod In the pre** at like lime In coinieellou with tbe 
Iss^lbllliles for high s|w-ihU wbk'h were clnlmcil for 
this Invention. 

I'mdlcally all of the serious nppHciilbnis of tbe gjro- 
Ncsi|*e, ami by fur tbe mnst lin|H»rtttiit of ltd tiara m Mi<- 
preNetri time, have «leieli^N*d In marine work. The*** 
are. the aleeting of tor pish Hie use »« a iinnisixs, 
iim1 the use for stiililllxltig ami controlling the tm»tlocis 
• ■f <-1ii|n, the last two of whleb will bo dlatiiaard more 
fully. 

Several minor niiiilbwllons lw-e IstMi made, such as 




Flff. 5. — Instrument for recording the rolling, 
pitching, and yawing of veaarla. 




1 1%. 6,— Qjtm*k aTtiicUl horizon. 



(Il Mtabllltlng of various Instruments, teleaenprw, err 
agalnet 'm IHhIIoiik when anwiilcd on a rolling iblp; 
(S) stabllUIng of » pendulum carrying h l-ea for re 
eordlng the angles of mil and pilch of a ship; and (|) 
siablllxlnj; a Insrlaontal mirror foe use as an arUAcat) 
le*rlxon In tnkJnjf ohHcrvallonN at sea. Some very tabj 
ahle retotltH have Iss-n nec»tnplt»lied along these IIimw. 
hut the limits of tbc present paper will not permit of 
more than ii hH»*f mentfon. Various nttempta hav# 
al*«i Ihh-u maile lo sinhllln* a Udy with three degrees 
of freedom for usr In tbe rilns-i determination of Utl 
lude nud longitude, bill m> far «a la known, without 
practical jnictma. 

Fig- -I shows a form of teteeenrw* nacd on hoard ship 
for obtaining hearings of distant ohjectw, whlea lm» 
|ajaaj *tahltxcd hy mentis t<f gyroscopes an that It i- 
*ntlrel> unaffected by motions of tbe ship la any 
direction. 

Fig. 5 shown one of several types uf apparataa which 
luivc been constructed for recording tbe roUlag aim 
l>ltcbltig Botlon of a atilp upon a moving sheet. In the 
Instrument here shown, records of the axlmutb a* well 
ii" various time markings are made sinultaneaaady 
upon the aanie record sbeet 

Krrors are frequently hit reduced In tlavigallon wtnn> 
uicflsnrlng tbe altltusle of a heavenly body ahme a 
false horizon canned hy ml* I or by tbe mirage effect of 
i he heated air on a trot^htil sea. Very frequent ohser 
vatiuna of Ibe sun or heavenly Itodlea could be takea 
were II not I hat the horizon U olHiriired hy low-tying 
hunks of fog or riarkncHv 

Fig. 41 Illustrates a gyro-coptc artlnelnl borLson wbirh 
jTitiMe- ii iiietins for eliminating lb*we errors hi <rtf*er 
v nt Ion and makes It iss^lhle lo measure accurately ihi 
allltude of any heavenly tsaty that can be seen, whether 
or not Ibe horizon Is ohsciirciL 

Ttie niitomoblte tnrjHHio. as U well known, daocaab 
iilHiu a gym Hleerlnu gear for Ita dlrectlre power, and 
wnnld. In fact, la? utterly tneffectlve for It* pnrpoer 
without *uch a ilevUv Tlie hnpivrtuncv of the torped^ 
In warfare Is of eour>e rerognlscd. so that tbe great 
value Of thl* apfillcutlou of ttie gyro needs no fnrtbrf 
ciwnment. 

The gy ro com|MW( shown In Fig. 7 Is ric-|H*orifri ti[sn 
for it-e under Isilltc coidltlons where tbe nagnellr 
ctoniusx isiiild not iHMedhly be emploved. due to the 
large uuhmtm or nmgta-ti*- material constantly beln2 
Danvd atsiut In pfWlWHl to the compass. Aa an In- 
Htrumeiit of narlgalhai. liar gjn> oimimsn has aU' 
iin.M-d of grrwt accuracy and value In enabling th* 
aMp lo Is- lield steadily npon Ita eoiirse lrres|a«cHvr 
of wind, sky, or sea. The foreign larim are a Is* 
r.i|>l<1ly toloptliig the 0faj n mi pass, and It oeem*» cer 
tn In that lis use on all of Hie larger NteanWilpa aad 
ocean liners will Is- fmiud In a few yearn when Hi 
great tidvnntiip** have b*fOajM more widely known. 

Tbe very hlch devetnpmenl of tin* gym etnupas* di» 
lug Ihe |ias| few years has tweci largely due to Ibe ef 
forts of a Idonecr In Ihe eleetrbnil art, Mr. Rimer A 
Hperry. wlajat lone arsl lntere«ilng experience with 
gyrnari-atle pbeiwuiseiia and belief lu their englnee-rlnc 
IMKwdMHtlrw led Mm to devote practically all of ah 
time to lis development. 

II lias been tbe privilege nf the writer to he aaao 
■-hitfsl with Mr. sperry for several years pant tn tbt- 
work, dnrlui whb-b time a plant has been organled 
and ei)itlp|s>i1 fi»r Ihe design and manufacture of many 
forarts of cyro»*-i«it|»- apistratus 

A niimher uf wxirkers uhruad bare also been laboring 
oltb great neraUteuco and aoni Uefree of anccaa* » 
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agdjMj Ibe nuuuy phyoSrol problem* involved hi irunolat- 
tug Ibe ot Foucnult Into concrete tornu of uteri 
and linmic which will funetb.ii maler the extremely 
wi*>iv condition* on ahlpbuaril. 

The nutarc of tlwt prohleio (- indicated when on* 
reollic* I bat Ibe gyro coidIhinm Ih ho *en*ltlie llmt it 
rcnpoudo luoluntly and with the hlghe*! degree of u mo- 
rn cy to the very otowly lmpre*aed angular motion In 
*pace about tin* earth'* tut" f"«r thousand mile* dlo 
t u ut. while Hi tlu- aniue tlinc It remain* Imllft.r.ut la 

I be suguhtr movement* of III* nhlp ocvcral hundred 

Nine* ||Pftlt»T In IlltfliMltJ-. 

Id view uf lue rxpenolve uw» of ||„. gyro compu-« and 
to* Datum of the iMroMenio liuratwd: |„ p„ development. 

II may be of Interior to look Into ih*. llnniy of Ittt or 
flan aumcwtuit briefly mid then to note aomc of tbr 
inaoy opvclnl eouatrucflon detail* awl various electrical 
device* employed In thi* highly urgatilzed lnotruintiit. 

Fig H fttaoww a umalt clerjco which may be lined lo 
deou<»uatrafe the act Ji«ii of jirt<«V)o»iou In the gyro com- 
uaiM. Jn fbU derfcrw we have u umu 1 1 dbdt marked with 
the cardinal potato ro reytr»**.||f. u. cvmpn*e cord and 
mutinied u|*»> a ring HWfVefe*j rotate on a vertkwl 

■ xIh within a hawl anfi|airlliijr fraiia**- The rlnic eiirrleo 

■ wheel which oplno tmuu n hurfxioiml axe* Axed III llie 
ring parallel to the N-H line of t)»«* <*om|oi-« cnnl. If 
the derkw b held extruded In tbe I win] while llw> deu> 
oaotratot tnrn» ilowly on lilw Ml toward the left, we 
may ewwider hU body ua the uxin of tin hnooglooirjf 
eorlh aod hla bead oit the virtu*! aiortb poll, drnv hb 
rotation would always be cwHtrvly . 

If the tW*w> lo OlaM vffHto the uxlo .of the cord 
pm*udkulur 10 tte bod, »t wain! »««•. he 

. , . . wntwl «i>lir.ixlmal<tly at «lw 

5* " beU1 SI mUii « -Chi U f « 

«t iw mpa «r.i ut *2f^ BWMi mwlld u . mvn- 

lu MM «« S. ... 10* 1» » 

o«.kwte ^«^ rrl ^ >bMI ,„ a. B „ nil „ 

Its »>1» to urlii* "> r 

W TA^ ,r «>».-.-.r U i»r *ho«Hi rwroxw . bit c ^r^ i 



rtxotloci * nJ J ur ^ NhlH , h | hove to cnoUler Hint tbe 

hTi!1 15 ^ i,> w - ,,,ul " 11,0 "* tlB 

ill I o true cuibIoi* It ooWtM nlm» reTrror Ho dlret- 
TI ud l««nl to ,M!W • M,li, ■ U wtmt urt "" n > 

mm al for Uie Ky* c«ul M, * t not ""^ boMH h » 

„. ( 4 pljirtil tliereon, but to actually po* 



lonard tlwi rljclil. whkh would RM 



uirrhlton wbe 
^hm^\ of « I"'' 



lUui of all tbe inertia t den t dftvlnw enaployed In thlo 
sol at loo. 

The ir»*»ierol arruncrment of i»orto cuciotltutluit tbe 
Hperry ipro cumtwo* U ohown In l-'Uf. 9, which for 
Hteutrr ctmrnewt In IMuHtrntlnK itn* varbiuo fuiMiloiiH 
hao been otiu|i||lii*d b> Die u«il>*«lun "f elertrteol clrrulto 
nnd Mitiior deliillK 

*rtie Kyruoro|«> wheel lo twnunlMl lo rotate on a borV 
xiwtol shaft .1 within the comIiij! H, wbleli b» itlvoted on 



werfill north orrktnK trliilelwy nnUli) tluus 



,,|H.vr djoaoooofrinlBl tkie eleiwentary aetlna of tbe 
w cmiiioi>« «*> lw»«<"* r y mtOt, Hie leuglh of 
who** ta u,MH,t Iwuly-ronr owMiido. 1'onler *>uch 
iJ^lumD tblo little cowipaoo lo Ideul In llo »diii|»)Miy. 
When, however, we are conaideiiiiic nil litHtruiueiil of 
iljijllin lOV octuol ilo« on a obti» Mllug. |>ltchui«. und 
jawlnK IB » heary oen. or u«»etiverliiB at fmrtouo 
Hi^-dv lu errry |Niootble dlreciltoa, Ilia iikotter *if ptck- 
Itu: out thlo deuwrortrulor wlw will keep bio body 
uarollel to !»»• eorlh'o iiiuh'r ouch coodUlutio mid 
rvoni* a -dniwllnif directive fow* from the waveo, lo a 
ftu4ij.ru hot lorirer cwnlract. 

X* » aiiatter of fact, many ami MffOWJ BN the me- 
rhunleol ami tlktvirHlciil iiroblenw which had to ho 
m>ItmJ In Hhfltl— n I'raoilcjil c»tn|uw for narlcatluat. 
For example, when mounted on a oblp olramtnK rapidly 
worth, nay. the cyr» h< 1m dlMM D,,t lulnt true norlh. but 
hao a certain deflect hm, for the n*utwMQ tbot llie aclual 
■nottub In *|uice lo imi lonicer due m^trriy, but to about 
a retoiltant o * l» ooaew but to | he wHwh id of tbe 
rorth'o oxlo. The amount «f thlo deflerth^n, which U a 
rarUble, uV|n>mUiik uioiit tbe oioooL eoiiroe, und Utl 
twle of the ohlpy boo lo»en exactly *U-termlned for all 
tradition*. 

In the Spi'rry com|oioo n <trilcv lo emplo>*<i1 ohlrh 
correct* for the olHtre forlorn aiol atituniHllcnlly Imro- 
durew thin correction tutu the cowiuimm nwdliitio, which 
are therefore ulwayo mode iicrwrairly u|m« Hie nierld- 
lon. <Hh*f H|HO*tal n»eritinili»l ilrvlei-M iirv employed for 
tbe follow Ut|i iMarpoMr*t, nuiuiitc other*: 

in i To provide a HUlMtanllal mountlnic for the «n» 
element with the blwtw^t (bgimj .»f •wiiMltHviieMm, 

ikt Tu damp omcHIuIUiim In iixlimiih. 

<rl To eom|pei«itr varloun m-»-elerntluti prewMir**. 

Irfl To (Ofovent err*«rM ctiUMtl by rvtorihiiton of the 
wheel. 

trt T» «et the fowil**** i|tih'kly on lit** meridian ct**ii 
when ll»e direction lo unknown. 

\f) To pretenl etroro due to perolotenl oMctllallotk« In 
certain ohlhiu*. ptabea. 

iff} To admit of determltilUlC llw H|»*t| of the uhre-t 
by ohoercalliMn. 

Space will not permit of n further otmly of tbe many. 
Iheorrttcal problctiw t ltti tOol n-ir of a detailed dearrlp- 




Fiff. 4.— Tfleornpc otahdlUed 
by ryraw. 




Flf. 7. — Mooter compaaa » ilh 
corero n mnv.d. 




Hk. 8.— Model for demonstrating; 
the anion of the jtyro rompooa. 




Fif. 9.- - Met hod nf mountinK the directlrp element. 



Ihot borlanntal uxlo C tbroucb lto center of crarlty and 
carried by the froiwe or vertical rluai 

The rlnx li lo mopenited by a tor*lonleH4 h trawl F. 
iiinl liuldetl by tiearlneo I' *r>l F* tu ullow n frev «*cll- 
nlhaii of llmltc<l iiUMJunt abuut llo vertical oxIm wlihln 
the frame <>r "plmtttuiii'* U t oo called bceauoo of llo 
characterbwtc action a*i u ■■duiduu'' in following- up 
• neb ukotlon uf the rliiat DL The |>hiiu<om ii boo a hol- 
low- Mtem // to which the Mtraiid /-.* Ih attached al lto 
npitrr einl, mill the >«tem form* a journal fur rotatbm 
lu uzluauth with rcsfooi to the »up|MHTilna: baoe frame J, 

The frame J lo mounted to hwIiuc In tbe hluiutele by 
the noual Cardan outHiriutlon. conob^lnR of the ring a? 
and Huttablc bearluieo M, IX and Li, the loot not 
ohow n. 

The frame J carrier n "ftdlow-up" motor M, driving 
a mnoter ireur S, formluic a rlfld |Uirt of the plmntum 
fli whereby the bitter lo pcnttlvely driven In axlmuth to 
reoiKJud to uuy movement of ring; O, 

The rUif If, which with the wheel coxing U termed 
the "element." currier a pair of electrical contacto In 
the fomi uf tirlU'V wheelo, which ueoia'rate with otn 
tlonary ciairncto muuiitiil u|hhi the phantom Q far the 
IMarpow of controlling- the follow-up motor Jf, the elec- 
trloil citnnectlono not twine ohown In the flgwre- 

The iMmerdrlven pluiutom tj U thuo uutniipatlcally 
coiitrulM ho an to rc«|H>cal tnotiintly to all movrutento 
of Ike ocoadllre element, ami In fact to all relative 
noovemeul In azimuth between the ship mid the iryro. 

Thlo chnrocterlxtlc of live phantom enable* It lo he 
utwd for various ha|w.rttu>| fiiitrtluiiH, tumtety, to carry 
the orate or curd O and a com f* formltig port of llie 
HiifouMttf corrtH*tlii|c devtce. The power drive Ik uImi» 
ulllfoeit In niwrulliiK the tranomlttcr fur tbe r»|wntw 
Itk-trtimeiito, ami lu "vercumlnc friction of the Nllp 
rlug> notHlml to irorry current to the iryro. 

Since the phantom f/, th<niah ut all time* rigidly 
nnchorcil to the blumicle. hIiiimIm In i-ractlcolly coiuttiint 
relation tu the oraolttrr element oo reirnrdK mtntoti 
alMiut the verticil) axlo, but I* neren!iele«oi entirely 
M+juimtc Ihetvfrotn, It wrTeo n* au uiteburaire fi»* pr%» 
dtiHox Mirt-WH to reolralii and correct the rooveuwiito 
uf the oetiolltve elenienl, Tblo lo accumiillohed fay 
aneano of a yielding cimiM-ribm betwefu ibe pbontoin 11 
and the gyro raw It, lu the form of a ivudutum or Imi 11 
if. KU|HjKirl4<d by ami formlui; a purr nf the phunlnm 
Ttw («"lnt of attachment >' tu the gyro ciudmj lo located 
In a cvrialn iMwhlim eccriitrte to both the vertical and 
Iktirlfooitil UPM .if tlw tyM Hy thlo mcanx wverul 
moMt bjBWjprtfliM rvoiillo nre idilulnetl. hieludlug iwnltlve 
oelentatlon and the (irevetitlmi of tMcllbtliMi. 

The ouuptetc electrical ei|iil|aue«tt uf the rompu<<» 
«VNtem whlrli will now he ciaiolden«1 comprfoeH : 
I. A vulture regulator of social di*Mlgu, 
- A three phnnr ullcniiitlng current generating act, 
It A SxVtnhl dlre«*f current lEniernllng act. 
4. A dlrect-eiirrcnt emencenr? nervier. 
.V An alarm xyolem. 

Ul An automatic control uimI pMectlTe oyotem. 

7. S|mh*I«II>- deolgned controlling Mwltrhm 

K Ttie iry ro motor. 

Ul a wtm niulor or follow -up oyfttrm. 
lo. A oecmiitary IratiKiulftlrtir ami receiving oyatem. 
Fig. IU llliotml*^ the vnrlono |RirU of the S|o>rry 
gyro comiouw oyxtem ff«r uoe it loiltlc^hlp. The 
mooter eomiww and naitrolllim apiwrattio are lnotalled 
In a pn.ni'te-1 ptarlUm of the ship behind lomry armor. 
The rejwMter r*im|mnH-« ore imamtol at varluirn |mi(iiih 
oImiuI the Mblp at the illirerrnt steering MtaltiMm, On a 
tmltb«til|K for Itodatov. retowler«t are iiuiojilliol at the 
main otcrrlnit pliitfurm, atoVta on the bridge for taking 
bearlngo. <kn> lu the conning lower for oteerlng during 
battle, one In Ibe steering engine r.*in ut tbe oleni »f 
the nlilp. utid In mmui* m*«>o idle or more additional 
repeater* In aU|w pruvkled with nddliloiial Hteering 
*la t boo*. 

The eompao* la al«> iinihI In connection wlih varluiH 
other iimiriiineiiiH fur •Jitalnlng nnd n-ciwdlng rorluua 
data. 

(To Ac rnaWanYW. ) 

Heavier Rails for Railways 

It to apparent thill the rapidly Inrrvaolug weight* uf 
both locomotive* and loudod car* of till drsrrtptlnn* will 
ooon make n beavl.-r mil B r t^ o na ry. Hallo wclghlntc lit* 
prnitMb* |*r yonl have already Imm-ii lulroilured on the 
Ir-hlgb Valley roud on henry grade* ami *horp mrres*, 
and now liar |Vtao«j Iron la I tot) way Ih try luit a mil that 
Wish I l'- 1 " |Maitidk which lo far In excitw of the |io> 
n»uml roll that, wllh few tMplfajmj, Iuh ban tin- lunar 
|e*t hcrvtofore uoihL The new I'cmioylvanln rail tm- 
II peT cent of the material lu ibe hetid. 11! In the nek 
atul :t" In the liaoc. The *bli«< of tbe bead lure been 
given tbe ahoj« o|i«a» of ♦» decree* ami the left hao the 
*liurt nidlu* of in Inehco, tbe eiorner mdli Wing ,\ liwb. 
The Hailing nngle nmler Ibe hcid I- OfM »f 1^ dncrc«*4, 
ami a1o»ve the Imhc uue uf i:t itegreeo. The hebjbt la 
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The Origin of Waves* 

Their Propagation and Their Force 



Ki ui'Ahit KirWNu, in hi, dc«tription of "The Ship 
that Pound llcronU," aay,: 

"An «non as >be met 111* lift <* III* opcli »»t*r, »hc 
naturally be*uu to Ulk. If you lay your *ar to lh« m'dn 
of the cabin th- n*xl tint* you or* in * Kramer, you will 
hear Iiiiiu1pf1» of little voiw. in errry direction. thrilUDtr 
anil hiiuintf. <">d whUperim; and popping, and KunHinr 
anil ,obbiiur and jqucakiiur, exarlly lik* a U'Hihooe in » 
thunderstorm-" 

All III*— .«M>i|ii«inU whirl, roc from the very boirrl, 
of » .hip an. turn, of the M||IM and labor of the mat.-rlal 



By Edgar De Geoffrey 

ever more numerous, offering u greater hold to tho moving 
air. In th* mfclst of tin** aapertlUsa wh portiele af 
water pudied hy the ttinrf tend* to override the one in 
front uf it. Moving across, it will And it>*«*lf tdieltcrvd 
from the frv tior**! impulse or the air and will return in 
a downward eoun* toward it* original position, seeking 
to GU the vacancy which It* displacement had caused. 
Thus it will have dcerihsd a tin> orbit. analogous to 
thowe of thi' heavenly bodies, 
n... mmpmtik nrctl of the ocean which, after the wind 

ha* fallen, continues to >.*.« p toward the horizon in 



same timi'; consul umtly, at the end of a certain iutcrval, 
when ail the particles have described a semieirvle. th* 
.»vm-wi« will NfjflMHl by hollows and th* hollows 
by crest*. When the wlwJn orbit ha* been dwrihrd. 
thn w*»m will have advanced their own length, and their 
profiV will appear unaltered, but in n*ality caeh hollos 
will haie r* placed tin' next hollow, and i«rh (nrf th- 
tis-vt ere*!. All iIim.i f<«ular undiiUtury form* af»- rrtUly 
biutUiig form*. (attained only when the wind which lif*. 
the WW has ll III I 

We haw «.« hot. tin* water i« set in motion when 




Influence af depth of water on snaps- of waves. 



etttcrtivg into tier intimate structure, under the effort* of 



Tboaedeep ariukbw. which »t certain tinn-i overspread 
the mobile id,y»iog noiuy of the ocean, are uf great variety, 
ami hcwsi produi«e vnrioua effects upon a vessel. Sutne- 
titniii Abort and eruwded. tbc liquid undulations that lietit 
r limited dm.-r.*.^. devoid of 



danger; but on the contrmry tbeir < 
nteep flanks, l«etoki»b tlic fury of the '"breaker " Again, 
bmif anil inajeatie, they Mem of alarmiiur sitve; but tbctr 
nHiniiod »ummits and g^iith* dh»|**'v ndt them of the vUi- 
^.neeof the •burter ty i* of w»\e, and th^U.ip ri*u .«wil> 
as tbey swevp bi'iirftath her. 

'l*1ie<Nr> ridge* tm the surface uf the water ariae as the 
nwtnlt of two cause*, MM awtMoU and mie uaturul, The 
former is the im»ein«t«t of the ship: the bwter the frietuni 
of the wind- Th. VNMaa prow, rloaving the water, 
pu«he* it aaide to right and to Wt. and the liquid thin 
Hiiddwly ditplaeed vibrated and uwiUntw with the itlio*'k , 
giving rite lo the htllo»y wave* at the 1h>w of the fchip. 
The nurv violent the ruptun* of ct|iiilibrium — t. r,, the 
faster the iikoviimeni of the khip— the more powi.rfu. will 
lie tlimn wave*. Tbey gnuluaJly fade out in M MMMa" afl 
from lb«' VCIiala but tb«> 
ber, aiwl, by (li.ir liflitic 
inure or le** impediment u> her prtvreas. 

But the priii>-ipal cause of waves, and the one most 
fraught with danger, in the wind. Before you Met a 
nt sheet of water. fUtdiiug in the nun mid -renting 
Lly Btill; but Wcid i>vrr this mirror-like fcurfai* with 
a inaguifyinc gta***, and >ou will lie sarpriaed to diseoi*<r 
myriwU of minute dimple* — inllniteainml vorttee«, minia- 
ture eyeltwie*, sbowing that evaporation never eenm> 
a faet further r\ MiMMhI by the < fattjl ImMIHJ overhea.1- 
Aa tbe wnid ri««* and the aeration of the aurfaee goe* 
on at a MOM rapfcl rate, urauonCHin iticrea*n«; the <urfaee 
of tlw m-auw beeome* honeycombed with litlU- buflniw*, 
the MciaMTtrtc Ammhica* &D»ri.nM><rr, 



l>road furroWK and rviumbd erv*U; this swell whieh is 
the euntiiiuation, in virtue of inertia, of the movement 
given ui the heavy masse* .if nalt water by llie temr^t, 
and whieh gn^w*. regular a* It grmlually NiilMid****, t*«-m* 
with liltU* ortiilAl moveni*nli4 of thf «ater-<lrop«. From 
I be >urfaee down tn a i-ertaui depth, cueh Liquid particle 

Imagine a wheel ruov ing along th ding of your room 

and bestde a wall, in mieli a iniLiuier that n mvil transfixing 
one of the *pokc« seratehes the wall Jith its point. The 
resulting curve will represent trw- pr-jfile «if a wave, If 
th* wile** revohed without ail>aneiug, the nail would 
describe a eirrular orlwt; it wutitri then repnwnt a |mit- 
tiele ul water oseillating in it* pi*.-*-. If, on the other 
hand, the wh«»el advanee>. the nail traees the outline uf 
a *ene* uf droplet*, a ehain m tbn-tid of water, all the 
particle of uhteh were in the same lionwmt*! ]ilane when 
in a Nlate of n-pow-, dintmtce «. |t«r*ting two sum- 

mits oren*>tsaf the iiiidulati*in u ealbd the wav«*-l«*ngtb; 
half a wave-length i* therefore the horizontal iti«latiee 
fnun a t»r«Ht to a hollow, Tlw height of tin- wave ia the 
vertieal elevation of a e-rswt aUive the nsat hollow. 

The undulation is not, however, stationary. It runs 
along th*' water like the undulation of a rope whin-It, when 
lying on the ground, has had a violent up-and-down 
motion given to one <*f it* end* Vet live water itself 
remains iu plaee, idri-niately rihiiq; and falliiuf, a* may 
be readily seen from the movement of a tloatiiig cork or 
of a swimming bird, which sr»-m» to defy the wave** a* 
it riibw upon them- Hslppoee you esamtiie I b.- protile 
of u wave during a very bm>f inter vol of time, as, for 
example, during a flush of lightning. It will appear 
ino|ioiil«*s. like the trace made by the wheel on the wall 
of your rami. After a brief dts»MH-iirani«e yon aon it 
reaprn ar by the fngiUve light of another tia»h. but not 
in the »anje plars-; it has moved I to ri/^ in tally. Without 
quitting their oriiiu, the water particles of the liquid 
e.'iMir. have all revolved throne*! the same angle at the 



the wind first blows npou it* tranquil surface. Firvt 
•ppear men wrinkle* the effect of what sndors call 
"eat s-jMia- " Tin- impulse of tin- a-r which drt.e* the 
liquid p»rti.li* front their jm wit ion of re|auky i« not uf 
the sanu* inU*n»ity at all point*; Uwal variation* deternuin 
the innrpjulity uf tlw-ss* wriuklns. which, growing hirger, 

I n* wave*.. The larir»-r »*v« off.^r more Mribvj la 

ths- wins) than the Kinaller. move more rapidly t>jn th. 
latter, overtake and absorb tbein, and thus swell uinr* 
and more, growing at the expense of tbu*e ahead of thea.- 
H.iwever. on the windward slopes of these large wave* 
mber undulation* continue to form by the same prweM 
as on a tranquil aurfasw. Thewn Mrtowlary umtulatKini 
arc slower in movement tlian the w»v« on whira iImi 
arise, bwause they ore smaller: henee, as soon as they 
faffMi lb*'} begin to lag behind the ^eucral intivemeuL 
M|Miratc from tlx- moth** wave, and are grail-iallj over- 
taken by thsi wave following, which nliwiria* taem. It 
m for this reason that, in a stormy sea, you will some- 
time* see two jr three nearly regular wuve->. tVe -aw 
duration of passage, follou.sl by a gn-at «ai». of Wn«er 
duratiou, and again by -n.nlirr and more rsyular wave*. 

If the wiD4l suddenly shifts therti is icritohk* chao*. 
The wave* spring up at random, without apparent caw. 
and ar*' torn into spray by the fury of the blast swwpu* 
iu a direction opjioM'd to th-*ir prevtinis motion. There 
is a slh-M-k and a struggle lietttes'ii the waves prnasing 
forward with thr tnonwulum of their previous mmM 
Hti.l the wind driving tlvem lotck. white Uie foommg s>« 
went* to U. I «-»ide n — If with rage at this sodden p-oi- 
ance. 

If the wind dies down, Um disorder gnuluall.v di*- 
uppcars and em-h system **f "choppy" waves become* 



us above tixplainisl. The dUeonl lust*, ooiil the tmwit-M 
when, as if uniler tbc iuvisible liatou of the I. .m!. r of m 
vast on-lmtra. a single not*- or rncasun. prevails, and all 
oiIot* bb ud into it- The phenomenon beeimiea a har- 



Dirrcfwi af the wind 
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ay. and I hi- beautiful <»inn swell. »lnw, majestic, and depth, as United hy the bottom. Thus in nriming the 

n-cular, presents itself for <*»' admiration. Channel. » «mw starting (rum Calais finds it »» 

The highest Hm ever observed attained height- of difuco.lt l<> attain and maintain her full sjiwd than »«» 

411 t.. I.') feet. Tlw— are met with especially in the storting tn.m Dover, the strait bring deeper on the Kng- 

ncighlsirhood <4 the Cape of (.loud Hope, and ore eapahlc lith nidi' than on the French. Consequently, a Hub' man' 

<if hiding 'ri-iu . jM .-i other l*« vessel, of average length oool and a little mure limp are consumed in going lr»m 

when both arc in the (mug-h of the sen. Fruuee to rJngiaod than in enssslng in the oppssute diree- 

Tlle phenomena awn at the surface arc rrpntducod, hut lion, and thi*. result is independent of thp state of the 

with lea. amplitude- "f rootioo. at the various levels he- sea. current and tide. 

ncuth. The orbit* of the wat.-r-paniclc are ,t,U cinulor. Thi« inBuracc of the depth of water explains tbe mys- 

but their «i*e diminishes rapidly t„ th,. vanishing poltil trnmis shock whirl., mi one ueeM»«. wu felt by » 1 




of the waves will be prof 
bottom will undergo eri« 
will serve to delormli 
menu Of the water 



a level of 'jll font, whilw muddy 
slurbsd Islow 111(1 feet. In the 



a state of aW.lute reuu* The de.pt 1^ beneath which the 
awful silence and calm of tbn lubnuvrine abysses prevail 
is ni»l always the same. It dev»ratt ,m >'l'™- and increases 
with, tlie amount of agviatwii at thu mirface. In general, 
descending to a depth rxvunl t» ,h J '«* lh 

find orbit, not more, t»»u ia hundndth a* treat 
us at the surface. I e.. tv* ^'"""^"Z'T'^, 

H..I... swell. <"*>'■ *" *•» ,n,m cnB " 

calm. ™ * > ? m *'\ depth of ISO feet the 

t , crest and 10 t«-t vn in) . h P m „„.,„, Ull! 

o~-illalion« are not m\u h over »« 
■n otion » therefore i«sii4e«'ft' R " t ' . . . . 

If the sen-bottom U ^J**™^ M(m . ,„„ 
rouon. an examinatxio of which 
the depths reaehotl by the move- 
TbuH, at rin*l»jnr». in much 
an to desixid to more than 2.1 f.. t 

SS- undisturbed. <>» lb« <* »i«eria. pure sand 

is not disturbed 

""J" Channel. U«l feet in the M«sliterr«neaii. 
'" | moeh » «•'*' f" t in the i»ss«n. Tlww. .b.|.ths. 
"Ti h*al>l««r enormous, are really trirling in c..n>parU..n 
Y, th ,, aby-ae. .rf 2.001) fathom, which have been 
m .'as..r«l in «»* M<«Jileeranean. and thu» ..f -1.000 to 
mmvi fulhoins found in the oceun, 

\. thee.' Bcures -1"JW. the depth to which the dutilrl>- 
„„.„,!» from the surface increases with the depth 
of' the »en. This relation is eonnected with the fact that 
.losed sens, sui h as the Mislilerraueati. the Itlack Bea 
and tl>" t'aspinn. have waves .sf Uws length and liesrhl 
tluin tl«. IKWUl. with If unlimited lioriions and sw. IU 
„f , ii<inii>.us dinu-nsli.iis- The reason is that, as we have 
alr.-a.lv mi, the Ic.Wtl. of the wa.iw and the depth of 
aeosibie disturlssnee d<-pe»nl upon .uudi otkwr. add 
tbn.iusb.-Jt the irreater part r.f tb.-u- closed anas the depth 
at winch all <l»turl.anee must cease Ouds itself limitisl 
bv tbe pr*«o-iice of the bottom, which allow* tbe water- 
unrtielc" only to move to-»n.l-lro. i«-rapiiic the irrmind 
This forced altruurement of tbe depth of sensible diNturlt- 
anee also l.miu the wax-b-wtth. While in deep wat.r. 
with IWlMH to hamper its motion, the latter is lanre and 
fr.-o, tbe h.ng. the waves far apart, very mund, and 
relatively low; over ali.salH. on the .xintrary, the BOVs- 
melit appear* pn-wed l.siltbur horizunlally; tin- wave- 
length rliminish.**; 1l>s< eomnarative height of the wave* 
appears to increase, though in reality H deonssst*. but 
less rapidly than the length, an that the hollows Iss-oine 
n»«e pnmuuneed, the slopes steeper, and the crests nxire 
pointed. If th*- l«.lt«om gradually rises, tbe tirogress of 
the has.- of the wave is retarded by the friction of the 
ground, while the crest preserves its angina! mutton. 
Thus there is a tendency to lean to one odo until dnully 
t topples over, and, losing tbe sharpness of its 
r, hceom<e fringed with foam. Then, in a bubbling 
and frothy mass, tbe wave "breaks." This correlation 
between the depth of the wane on the one hand, and tbe 
length, hsofht, and velocity of the wares on the other, 
ti a., intimate that, when waves are produced by the 
motion of a t.euel, the tatter's advance shows tbe in- 
fluence of the prattle of the *.*-l»>tt»ni- 

Tbe fa»t.r a vessel travels, the farther apart are Die 
wave «hc produces; they move freely away from Uto hull 
and oAcr be- intnedintent to her prugrvsa. On the other 
hand, the more slowly she trawl*, the more crowded will 
be the waves, and the motion .4 the v.msvJ will be pro- 
portiooatdy impedtsl. Naiigation at high speed is, bow- 
ever, UborHiiM in shoal water for the i 
waves produ.-.d ore out "f |w.iH*ti.„, to 



passing at full speed over a submarine ridge. One wxiuld 
have said that she had mllided with some ILmling ob> 
staele; tits number ..I turns of the screw s.eldetily dimin- 
ished, as if the water had all at ones, herein.' more vise.>us 
and hence more difficult to push aside. It, 
it had 



serve from llkoturol to moment tbe height of the waves, 
it would have been seen that their unitll 
cession reproduced above water a pmftln 
sligtitly distorted image of the contour of 




What mariners dread most, however, is 
phcnoinena of more or Uws moderate violence, which Art- 
observed even in finu wuathcr, hut the breakers or surf 
which is-. ur In shoal water during a storm. Her.' we 
have to do with fon-wi wmughl to a fren/y— .•oodons.sl, 
concentrated, so to speak, in a relatively shallow layer 
of water, and In nee morn violent in their reaction. 

The force of the waves is proportional to their length, 
and to the square of their height. Thus while, with a 
given height, a wave .'100 feet lone has twice the force of 
one loO foot long, with a given length, a wave 20 feet 
high will lis v.- four limes tbe force of a wave 10 feet high. 
In other wonis. It Is the height of the waves thai Is tbe 
most redauhtaldo Nature of a stormy aea. Hence the 
lofty, Uippling breakers are most to he dreaded in navi- 
gation. In live Indian Ocean, these may be met with 
msu-ly four Indus off-shore, ami in water 50 deep fe«U 

let us try to form an idea of the fore* of a relatively 
moderate wave .100 feet long and III fret high. < Hi its 
gliding, undulating surface lot us imagine a little section 
:i feet square. Do you know what tbe energy stored up 
in this small space is capable of .lotng? It * able to hurl 
a mass of two pounds nearly three quarters »t a mile 
into the air. If the height of the wave is doubled, its 
force Issstmes increased four times. Think, then, what 
its violence will !»• when It breaks. When we remember 
thai the ana of tbe sides of a ship may be tress, ihw, 
.-..000 tins, as gnat as tbn Uttlo surface we have just 
been considenne we will see with what care it is neccasary 
to study, not only tbe >ha|»* of tbe vessel's hull and her 
general structure, hut also Urn natun' and mode of 



Men l ). i Trll 
By Davina Watrraoa 

0\es UfHHi a time many a murdemr wtui a.v|uttt.-d 
and many an lUMMssI min hanged, because, to all ujh 
uoaranees, they ho.1 .«• ha.1 not, Iss-it guilty is! the crime. 

Hut to-day an assassin has to reckon with tbn physicist, 
the nhjfttalst and the Rontgcnol.igisl, who start oil on his 
track and fan'.' bun to face damning, dispassionate scien- 
tific fact., but. a-ith mjijoI teal hring these facts to clear 
a tniseralile man protesting his inn.s-eiien, yet eondemt.e.1 
t. fi.relisDtl by cu-eumstantial e.-tdenee. Now, if a man 
is found talking quickly away fmm the place where a 
body bus been found, and if the u*aa has IiI.mhI stains on 
him and on his pocket knife, naturally he U the murd.rer, 
so why sis-nd n fee on an expert to prove the contrary? 

Just such a ease .s-eurrcd In France. It was no use 
the man saying be had o.sm-Im-1 n rabbit, uia*l.' a slew 
and burnt the akin and bones to avoid possible detertimi. 
He was co;idemn.sl tw-eause the bloodstains and a known 
hatred for the ii.-uin slioubsl guilty! Then <»me along 
a physicist and showed the blood to Is. that .sf a rablnt. 
for. by the unique methods of two prnfiuajes. K- T. 
knicbi rt aiwl A . P, Bmwn. it can be determined to what 
species of animal, binl or n ptile the blwel l^mgs. nitre 
every species has dis tinct crystallimtioi). K vpert s elnim 

• The aja j afJt sn.f A-«jrtt\s^-»l. 



to distinguish diffm-mea of nationality and it is no 
lll.sjtical oj»tit.iei:ii to «tate that their claim to prove eon- 
ssnguinily ttuiv prove to be corroet- If Jacob had been 
able to set a scientist to work on Joseph's coat the 
Itretlnvl. wouM have be-n confounded, and Reuben, the 
contiivee at d.-liiemii.s', estra triuniplvant Kver since 
those days the malignant hate tried to tlx guilt on in- 
noeeney by stuttering the blood of animals on < 
hut it never can happen again in i 



A little wliile ago a mother munl.-rad her lltlb- girl in a 
lonely spot and "murder by person or parsons unknoa n" 
was tile verdict. A suspicious neighbor, who disliked the 
woman, took tip live search |.n>at. ly and one day found 
a blood-stained knife near the hou--. "Why, that's the 
knife I used to kill a rabbit lost arret. I put it there in 
the wall nieaniuc to clean it," nrstsj tbe mother. 
Submitted to an expert, the knife told of human blood. 

r terriHrd mother confeased 



her gudl. It is now over seven yean since an Italian 
physicist, A. Iswdianarza, perfected the method of deter- 
mining the age af a bloodspot. Would Kixxio't blood, 
said to be renewed every year on the floor of Holyrad 
Hauvee, stand an invuitigationP I think tbe tourist, en- 
joying the induced thrill of horror, aould rather the 
scientist kept out of the war! 

Mutilation of a body is not always effectual, and bos 
occasionally, by its very dexterity, convicted the real 
offender. A murderous butcher will, naturally, cut up 
his victim with precision, and a medical student or sur- 
geon would do it in a skillful fashion. The i 
by Jack the Hipper showed him to have < 
anatomical knowledge. 

A physical def.s-t. engendered by discs*, or habit, .ifteii 
guides an expert in detection, but when a man cuts his 
old father Inlo i:*t pWsm and burhw these separately in 
garden and tleld he naturally expert* to lull suspicion, 
especially when he daily expresses surprise that the aged 
parent does not return from Parts. 

Six mouths after thv deed a farm hand dug up a hand, 
no due apparently, except that a frvniid. a niedlco-legal 
expert, took note of certain callosities in the palm, rather 
peculiar ones, and soon after begged of tbe son hit father's 
stick as a memento, The .-urkKisly carved knob exoctly 
flltad the skeleton hand and the son was convicted of the 
murder. In the some way the hody of a mutilated nun 
was identified by tbe callosities on the knees produced hy 
ev.iu.tant kneeling; and Sir William Fergu«*on jvruved the 
identity .sf Li v-ingstnnv (though it was hardly doubted 
by showing an old ununited fracture in the left hunu-ro*. 

lead to the kjentlncation of a mur.W.s! man when he has 
Iscen, >av , n tailor, a harlscr or a shoemaker, while the 
condition of the teeth may- show the victim to have Iss-n 
a pnnter or a |s>lter. owing to tbe pluiubistn engenden-.!. 

Sow, if a man is found shot through the head and with 
u pist.d in his hand, what snore rational than a verdict of 
suicide.' But in n-ol suicide the weapon is held so firmly 
Uiut f..n e i. n-quired to dislodge it. It w<t*nu *>* if thr 
muM-oUr hfm*m rMfr-fievU until He«r nvtrtM i«-rur* arwl f-u 
it. Sr-vi'tml ha%<i uiinl to nuki lli-t K»ml «f * 

furpiw Krip ii wcoiMMi hut havr nrvur *urr«wv1i>d mwl tht-ir 

klsDWlefija. ,4 lllie frVl I Ml" ofU't. OfMMtl th** a\«iui* to 

H->t»«-tii>n i'f mui-iV-r. A|f*in. if >«u fourvd yiMff nmnil- 
futbt-r on thr four villi n rvtp* round hi^ iur. m>.,\ if... 
otLrr fad (Uncling fmm * ni.il in tlic vj.ll, (iTUinty v«jii 
wni Sil toty thai, hr IimI htutprc. Inmtte4f and hie* ««irht hsd 
hr. ikfii tht» m[M>, 

IUit Uip nw<l)fr<vU*fralut in an well up in fawtl n* a *x\Utr 
and knowx a «ui<*i(it) will tiu ibrein oim way, a miirtiU r. r 
nttotliiT. TImti' um h <«>« In INtm <<f a imindfntlwr v, bo 
had. a|rpnT* iilI\. hunc liiiiix-lf in th>* iiiaiiiiH* df^rrihitl, 
llut bi- had not tird thir nipt-. drrUrrd th*- rxpt'ii, and, in 
fniM* of rach uncanny kmiwMktf , two iwnjfhhiirf con/rw*i-d 
lhf> hail fmnt 1h«-ir witxhiw tr^ti tin 1 wm-tn-law titratu,H«* 
hit. father and arrutiK** ihv other pti«r«( of n»|H\ 

A would-bv luurdfrrr iiiitfiU a4vanUi4C««jiuly Ktudv 
l>hy««4iHjy. i «... the |.hHo1i*ie«l arlian of eertain *ub- 
xUnr*M on llw human InkIv and mi|fhl aliw. fcf he intrudv 
hMiitaff thi> ror|Mp, mul iwnrprnuift Hora and fauna in ill** 
dead. Tbe advice of Moquin*Tanilan r somrUmi. pro- 
ftrtsHnc of Natural Hin(or>- in Parin Uni-eirity. was often 
by l*v*l drwtor- l^au^ he had nuvJe a H**t*\ 

mudy of th*' lalu-r. The ]. of a little girl ma* fouibd 

tightly puclaed up in a «u*p box, and the mother. vh*i\ 
fvKiud in another etty, tried %o tlx the crime un a friend 
and an happoninc t»o montlu ago. It was then tlw- eud 
of July. By a eawiul ntudy of the t\im and larvre found 
in the rrtnaiof., the vxihtx proved the body to Iu-tc been 
in tli- Iujx Mt>'>e tbe pr*.HH«linc February ami thx- mi-tlur 
<\Uif«M*i*>d to hanitK kil!«-d the ehild im Kebruarv 'J*lh. 
In tl*e siune way th*- examinalinn of the lame on tbe 
Kidy «r a ehild Hiiltl* n up a chimney proved death t*i 
ha.e taken plaiw fully t«u y<*nt prfVKUtily. ami tliia 
vprdirt led to t«he ae<tiiittal of a »u> u* I p»-r»i>n- Tlw-iv 
are iHTtain fauna which bc*rin their work noon aftw dnath, 
then diiappear to |riv«> plaot- to other*, but tbe xueccraion 
i- rUvariabU' and inarh^ tinie tut tbu nrkuitiFt. 

Tbe different phykiokigie action <»f fire <m a litwl Unly 
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and * living unci au not known by thti won who riMhed 
r U> hi* ttrtnthl-im, tayini: be hod found his wife 
» a. rruur by tV (in' Ixvlly hunn<d fn»m wiu*l 
ti> knew, and aUiMiit tlm nw-k. Unfortunately for liiin the 
doctor pointed out that hum* made In-fore death eon* 
tained serum and there wo* no vr-oVatoi-ii llhin NerotM 

Buid UD.W-r th** iki-io, inoeemer. Hi- tlr* uhl r«*\ haie 

pauM<l from wainL uj thmat. The nuui then eunfcw***! 
to slr&nifliiitt biii wife :iJid afterward* nHUiur fire to bur. 

The student who munli-ml hw aged uncle by dronmnc 
had Hearty not luk>ti Hi^mUlry in hlw •tud**'* '-r he would 



•>f dl*i*tcr thmiub *d*-allp am rubber i 
uion* that they quoted utwolute-ly prohibitive rat en when 
•Htc wet km w«m beiof Uld down, and a ipiuruiile* had 
In l-r Klvi'i* In Uie Innil authority, N"W (he |*r**liiluail In 
Jicmi K*bM< :im wmiM be the caw f«ir nny other ruail; 
lu fact it l*t 1*1 Umgvr iiitntMUiiy to untiir*. Her* 1* a 
en**- nf "Ibe proof «>f the pudding." to Iw nunr- And 
further pruT will U- furthcotnlnt; lu due conn** na to 
llw- liMTiriK qmillty of the rubber read. 

Tlit- t^-tluti lu llw Old Kent It<wd, after carrying for 
•2d day* »o«ie nf the heuvb-Mi trunk' lu IaiihJuu, hiuouiiI- 



11« hod nouttd nine yard* of thick lead tubinir. round the 
body to auk ft. Surely eiiotifrh? But ti lit Up knowledge 
of vhx'ittirjlry would Ii***j made him fnake a few ltii'M"U* 
for thy w«r»r»fi of nutunJ comm, a* tho*« ltroughi rhe 
oorpwt in apitn of the h**vy w«iglit. 

Lynx-*ayed Seicnee is rendering it ever more difiVult 
to divpoae of a ttody or bide llie «Tiiiw of murder. H n moo 
blood and hair and bones have- rharwutriittira dutineily 
tbtor own. Thr "Rury knife" of mrbodrania u no li>nir«T 
I to tlx n. rrinw, ami cvvai if, a* wot<n«* jMn*<ibli a P Iho 
r n-.n-lniU aImmiM kill Iiim lo«o with nullum, why, 
thr phynifWt wiwld nunc akinjr with ihp<-lwnro«*»r*>find 



Rubbrr Roads » Future IWibiliiy 

Tnit n»nn«cl1nn betwwn roMmr and MiicliMM-rlaj; in 
rt«»iM'r than th* camial nhawrvrr iul*ht anxprrt. It U 
HMfn to any ttuit If rublwr wrn* doietnl from Uw lint 
of naotrrlnla uwd In eticlnwrini: work luaoy phii**-* of 
thr luductry would iiiuk to a Ktund^til). 

The Arst irtopiiuxe tliat would ocvwr wmald be In v*n\- 
ntcUou with the unuufjKtvrrof rhi-trinil i-Unr-. Thenr 
In iK.lhh.it to Mir|xi>« rubber iin tin 
and tlioiiftundN of ttMiN of ruM>rr lire 
thin puri"*-* In enbl« iinMntotinii iiml In tb*> im-lurlbui 
off elect rUnl iiwrhhiery of all hlmlA. 

Tbe ix* il ••iiglitccr of (he fnture U n xtill hlftscr |«4#n- 
tlal MHer nf rubber, luiwnv*-r, than ttn> |*mi*wut way 
pnfln»er, Kultber roadtt, thotifch they mny tvot Ih> im 
UMdlntely practicable, arc nlK»*<t (vrtiiln of ultlmiitc 
adoption. Hut before the rulHSer rood *arrlvi-*~ n irretit 
deal of "mboiUinary - work hn< to In- done. At |»rv*ent 
eiictneers r4^|H>a«tbh' for the u)ikeep t.f our rufttL* Ilchl 
•**i> of I be rahbrr rond pro|)ONltioi». Though ti amy be 
|MJH*<lble to nhile whut a ruhl^r nuri will ^-1. there 
Im ni> dellnltr tmd HtithorlhilUi* inr*>cii»iilhii avalluhb' 
iih In IhiW Ionic Mte-h n r*uol will Unt timler itir)lii|t rll- 
nmiltl'- tviiullIloitM, It U itM-le*«« ti> exptvt n loiiil i»r 
o<1.m aothurlt) to .i«.».|.1 t.. tl.e la) Inc d.en ii ..r 
ntretel»*t* of rublur rtxitt »t |*er Miuttrv yard nnU-s*. 
they iir* quite (yiiivIio-imI of tlw life that they may rvu- 
anoably ei|ieet to pet out irf tlie HKld. 

It in tar the |»ur|MY<e of iilbi ii»c <m h iDformiitlon dm 
will he ntjutred by nnid encineerc Unit Hie Uuhlier 
Urirtrrrw' A-<m.- Iiitleii but niilde n free ip-uiit of M*« 
ttm* of planliilloii niblH'r hikJ Uhh «i(Tered mi nddltloiial 
l.iOf Ioiin nt the i(i>4iili4l prire of 'Hi tvttin |«er |»>u(id 
diirtiMt ih+ r«-%t thv j^w Tlie rubtN-r will lie nwil lu 
the Or*! bodaoiv *m dlllMill mudM It. order d.^lnilely (.. 
niu-ertalia It* iu4trlt», 

Aln-aily Ibe .iv.., Uiii..ii |um uken pniv||<«| t.v 
nwardliu; lt*» pdd m.-iluJ Mr. M, M. lw.ni f..r hN 
•u»ree«t»ful p|e.T nf i'\|N-rliiiviitnl niblier n Mid way hj* hilil 
down In lite **Ui livnt |{>uid. In Mr. Ik-oioa'si wyMtem 
jarrab w»x«l Mmi* im- u**^l with u Kurfiice inetbbm of 
ruliber. held Hirhllj In i-«MIoii by d.^rlailloi:- The 
blwma are mnllly nn.tnt.le mi ihliflntmre lu tlie^e dnyn 
nf fn*ojie«it **i>liierrji«M'iiM i*\»-imitinitM by ••('•Irlrlly. cn>«. 
water. lele|ib»»*>f. Me«rii|ih, h\iliMiilh- |M.wer, aixl irflier 
i'iwi^mtbi44« Tlti-) birt'rh«l i^rf^ilj *t#l itlw .m ui* 
willllely Wi|t<'r llubl Jnitit >in*U mm •-iimint nmi*-iiSt'Ollv 
fa iJiliiloetl In tiiiv othi-r way. Thin prevent* the bi- 
irrH»« «.r ui>4h1uiv Hb.| the oniM^pieht ibinuulhti of I It*- 
mail ffimmtolbiiN. 

It N rliiliueil tbut Ibe latter do not rit|utre In lie 
nenrly *n Klrerur In tin* <»f niM«*r r«Ktd* ti^* with 

nrdliinry w»»d r.h*ki TU' r.'Mtt*! Ibtit (hi* vlhratfoti 

of lb*' I vy ImllU mm tl.r |;Ht.r .-.n^ th,.' <».lirrelr 

f..UI].lilll.M.- |, k di«lul.^mi.. «M>i. If ll»- |ld<*iH«M ..f the 
ii4M'r«-le l« III fX*>-»» i-r Hit- iiM« rr«*|t>ently .tibit4e>l 
I'J-llK-h Mainlaril. 

The fih* tbnt Iblnitir f 3tt1 1. .n- .-tut l.e n >.,•.! wllh 

niMier rmidN .tin Im- ,.^lnsr 1 1..- . \rr« .-.^1 ..f ih.- 
mblier bh.kN. di.oijrli even th*Mi tin- .-.wt*. wilt 
etjual, Iwt ttre life >>f live puMht no-l limy In- eX|M<4 litl 
to he *n iini> b irrewler ti* !•> more tluiu ^>>in|M*rr«iile for 
tr>e e^itra i.«k|, ii|mrl friNjn (lit- advnitlam-* >>f stlerxe 
n hd the preieui;»ri ..f -ki.Mlcy ...m| ^.h- i»f v. titeh -^ 
Tbi« lit I t»«t- eliiitii omi jiI llr-<t >ittht ii|>t»!wr » f*nirn'wb«t 
r^nnrlt;.ldi. one, l.m If I- :i f»et ll.;il Mw riil.U.f nxtd 
MilbiUM that hiive nir. i.K LiH Iihm- pn>c*«1 n, l- 

uimt effecllvi- "rmii shhU." I*:v»-ii nhi-n e<n*--ri-d wllh 
«ill, or when blurt i»voJfil. the rut>t<er noil du»r* ixti n|» 
Iiear to aiu-» mH.ir >eh|i li*^ to ilip ThU mi* thirdly 
n|ie(1ed when lb,- HjkI *-etlone w,err Inld d..wn In 



an ad 

Jaevnt 4 turh wood block Uwt H Inch In thlckDetoi In 
1 he suiiie time ander the Name load. 

Be*Ju>« the South Lonikm expertmeDls, triula orv ahort 

Itranted the iiece<5ur> iierinlnslou to the act In* a|r»t of 
like Kedi-rat«d Mahiy -St* ten voivrument to la; down a 
vcctiiiu of rnhbw r«iadway In Otiiu.it Street, KC. where 
the traOle In very biary, and wbore I In eff*« on tlie 
road can coaTeulently he ohnem-d hy all Interewlexl In 
llittt new uVvelotwnuDb 

Tlwre tire cleurly ttrent iwtedbllltlex In friwt of Uin 
rubber nuid, find wmju an lis merits hare tieen coil' 
clnxlvely jnuv.«1 nml accepted we hIioiiIJ be w It bin a 
miMtimhh' dl»liiiiei>. If not of tbe yulvemul rubber hlch- 
wiiy, at ii*a*t 4if ihit niblier mad fur *pe*iit1 trafllc win 
dltkiiks with u n-nultlnir coiuuiuhI.ki uf niw littler 1*1 
■mike nil r.iblH-r ahnrehohlera rc>.lc*.-r** 



Arrcrafl in W*r 

Thk declare Influenev of wvojinnl»i«eir*re hy nlrcraft 
ttO» iilrend} in.ide ItM-If felt durtti« tb«*^ Htnx>« of 

I he wur Within ii week uf llu- oi>thr*mk of hoy(Hb 
rb«- tlie Krem ti ireoeml Man" iNn-wtoed ifeilmte and ne- 
iiirnte Ii.f4irmji(li>ti revtinllnic tlie exiirt (mwIHuh of 
every NiiucU- jirm) o.ti^ iiMoeml ulouic tbi- (ieniuin west- 
ern frniillw mid «Ni tip)Ui|f HHtflum. 

Ajuiix fnnu the jeciienU eff4s<t exerted H]mnii the eon- 
duet of lkMllllle> h> ntn-raft an etTevt ivbleh '-atiliot 
yrl be precisely esllmateil, altb.tltfh Um llitliiet M v In 
nlreiidy penepilhie mvitbI *|t.illle lintau.^ .»f the 
•iNrful emph._vuM*Til < if iirrupLaito luive Ihi*o r**|H*rrMil. 
KtetttH hiive pmntl tbnt rlllc fire N liiroely tneff«tlve 
«itiilrx«t neri^ihiiu-H, wbh^i, tnivelliuc «wlftly, offer a 
vny illAl.tilt liir*l ; ibe pUiM- may be Ntrnck n-|H-at- 
edly hy bullets, lint, imlr** hit It, „ .Hal M |. I. an 

(lie entlne or like pn-i^-lM-r. nil aerogun.-, eieli IbiHiuh 
riddled with <1mx. eould <Nintliiue Its >.unii-y alt I. lt- 
etb>*U*tiey w-jrxWy b»|Hilred. 

With h)m')I lire Ibe eiiwe U different ; a fTuxment of 
ti vti.'ll NtHkbitf «r* aernfilHlie witibl. In tlte luajorlry 
i.f %■*»,•», InflUt lrre|rtnib|e diiiifcMice nttd brlDf It down 
!•• 111 rib. On tin- <4ht-r bnnit, an ii'-r.i.laiH- trnrellnc 
ut 11 irrent height aixl n»ovln^ nt mIvi.v utile* 1111 Ixmr i*r 
roore form-* a naiwt ehwlve tiirei-l. nml It U m»l> when 
Ibe inn-equity for d«-La1led oliM-rriitlou ratlMn* the |*il«*I 
I., fly t-.w Hut the onlliiary nrtlth ry. Iwapable of blfib 

II little I In-, h.i- 11 n«Mtmible eliuiee of lirtiifftiiir. nil lien^ 
I tin Mr ih«uii. t:\|*'rb>ii.v }uv* Mlitmn ttkat an ueroplanr 
pIliM* i-au mil) Mink.- u^'nrnie «li»*erv;itlon»» *tt the miiTe 
luelit- unit |«i»1thK:tt< of 1n«.|e. fit.111 11 Iw litht le.t eViiiMt- 
Wi; l.-NW ftt-l. «tl wt.h-t. *ltlti».le It i- within m.iice tNilh 
of rttb- -ii.-) ^.ell. 

Tin* otlbinl «tjit*tiirQ| ttuit 11 Kronen aeroplane re**ni- 
te^terliiic orer ^lerninn territory lu the I^.mtne reulen 
nn* j tor- mii I by tw^t liermiiu ionebln*M, hat siintH^leil 
In .wapiti* 11 ii< I e« hirti*il rifely \<> (Im- French line*. N 
lnlet>«rli>t; In Unit It 1*1 we» (but the Ihrhl. fnNt Krenrh 
iier..|iliini-M «iu witbi>iir dlllliAilly ••IniN* i|m> more |"»utb*r- 
<«iis ntsd .tlower Iotiiiad maehhiiw. 

The iHimlordiuent nf the fnrtre>M nf Vemiitl and (he 
tnwn of I.ure by a i*eruuin iicnijilane ifiitilrtnM (be 
■ fiiultti ireiM-niUy held hy exjierU Mint the miiall liomlei 
whi. b ul.*.e <wn In- iwrried tw 1111 neniplniic lire li-ttp 
tihte nf .h.hti: M>rbiie« ibinnife. lu eu< Ii ea«e Hie rail- 
way Kin thin f«rm««1 111*- t.-trifet, arvd wn< nteateilty 

•«trifck, hut tit*- djikimi,-)- d wiim only "Jljcht alw| ftinpy 

re|«jlf\«l. N« ii.r-i.Ut..- ...rtli- a tint;, but ibe K«-u.b 
uniehlr.e* Iwur on the iiii.l. ri-hle of etu h Wtn« n lartfe 
Trl^dnr f«rmi-l of - .n.intrl. eln-lev, u t onler tliat lln-y 



hy their «.wn 



Earthqaakeg and (he PhaMw of the Moon 

No reculflr iN-rbulhlly uf eartbipinkeji hnw y»< t»ecn 
deiiiirtedrfltetl, The IhiNan Meliumln^lst. 1 'aiNwid, 
llH.uthi iiml I Iw lireut <-arlbipiiik>-* of the Adrhitb* 
I-.-I..U te.lltle.l :it litler^iU nf .^te tiillolroil Venn, t-llt 
AtitlliM-iuiidie ^it».l t'lti'ii^liui prove,!, hy a mure ertlbnl 
. xaidth.-ti'xiii or the r. e.rf.is. r tin t IIiIn mi|.|h«*iiI n trulur- 

Ity d»<r* IH4 -i-X lr*t. 

In Jj»|.in the fTe»niere-y nf eort (uptake* ltn« niii vnrleil 

fur Ibe 
of rte- 



utructlr* ahocka (noipuariiuits) hat. 
L'oostant, at Bbont UUrty-oee per yetir. Krun MllneU 
cntalotrut-* uf aaeintseliuodi Moiitcsnm* lie nation- luw 
pruve«| thai the freoucocy of eiirthiiuak*-* w-iir* o.> 
re I* t ton to the aem*uu<i or to (he dr 
deteTtoliteil hy 1tri>eektM*r 

Dr, into Klota, uf the observatory ut tKtawn. t 
ha* rlaiodOoit la ai*c*ir<ilaikce with Hip plrnac* of the 
moou tlie 4iV» uboekji re«irdoit at Ottawa from April. 
1M1H to lietH-nilier, 11*1.1. He tlDibi that, of caeh inn 
eatlbquakeM. oeeurred at new moon. '£\M bj the 
limt miarter, 'JJA ut full utooa. uud 2^4 Ui the U-1 
quarter, 

Tlie difference** Id eaKlt<quake fre>juenry Id the four 
phHHe* are couAfdc ruble. Imii r much Inrucr add mon 
eitendod ta a ah of ctwconlant ^UtlNtlea would b* re 
quired to prove th* i-ibOwoee of a |*y*lcal reUtko 

of th* 



It |ia« been cnlleil to our iitteothm that the uaaw of 
one of the author* of the art hie • Kx| H -Hn>eiiliil llot 
tlni!<.f Kloctrt*-«1«1le aleldtt" nil Kljje *2U\ of On- Iwwqp of 
Oftoher tint, wam wrongly M|N'tl.ii (Jiit-i'ln*iinf ( whin il 
truwild b«r« been S. II. Ouerhneker. Tlie error um* 
euu>ed by I 



Wk wlah to call attention to fb.j fart that «•«? are In a 
pwdllou to render cosnpeteut oervlcej ui nrery hrancb 
of patent or trade-HMtrk work. Oar wtaff U eoauajw*! 
of tBecbatilcol. eleciriea] and ebemLcul experta, uVr 
ou«h|y trained to preiMre mid |iru**erute all patent ap 
plleaflona, Irretmpctlve «r the coinplei nature of the 
Mibjcet aaatter lnrnlvnd. or nf the fliecloltaed. techakwl. 
or aebratlBC- knowlodcrf required tbervfor. 

We olmi have atUBoduleji throuuebnut the world, abe 
aiwJst hi the prtwecullon of intent and trade otark ap- 
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The Principles of Biochemistry* 

Tlu-ir Application in the Study of Colloidal Minerals and Their Resulting Use in Medicine 

Bv John A. Handy, Ph.C, B.S., Phar.M. 



Who knovn what I-if*» in all it* phase* really is? We 
note iU characteristic manifestations in llw mineral 
kingdom, in the animal kingdom, and la the hit it tun 
kingdom Wo an* even Intuitively conscious of a still 
higher form iff life. What art* the various elements in 
nature which ent»f into our physical conception of Life? 

isgion in all ages have grappled *Uh Ike same pmldem, 
and yet, with «U <wr heritage of ki»owh>dgo and wisdom 
the j>m14em await-N a complete solution. 

The phenomena of spontancoutt movement, irritability 
or response to 
ini.UboUnu)'. and e»*n the pro^-ues of growth atwl 
reproduction, whl«*b arc considered to he the peculiar 
**uaracteriHties of living matter, have all been rdngularly 
imitated hy artificial means in tit" * i» iiviuc laWtfntory. 

However similar some of the** artificial manifestations 
of living phenomena may he, they am not actual dupU- 
i.-»(htriN of lift- or living nud»rinl. Then? appear* to be. 
*om»' »Vmcut itr priiieiple present in the Living protoplasm 
of nature whieh is not ivcsent in the artificial protoplasm 
of ton laboratory. AU of these rtfrinu nta point to the 
fowl that the chemistry and phytic* of the Uvimt organ- 
<o» are emvntmlly t)^ ehnmistry and physics ol lutro- 
gwtouR colloids true organic or viloebeinWI com- 
|hjii nil*. 

A vitochemieul substance of preporatitrti u one which 
uf a colloidal mineral element or compound 
.ociated «Oi native organic aubvtaoeo* 
f iroteiat, fats, carbohydrates, etc.— tn that form of refine- 
ment of particle and degree of a»'ti»11y a* most nearly 
approaches the form and eiwiildnauon of true organic 
\<i£cl*M* or animal ti*Mie». Prof E. A. ScbaftT. in hi* 
n-cent article nn * The Nature, i 
of UU," *xpmmt* tlir advanced views of - 
Phyncal Science on the chemical constitution of living 
Ktilwtance. when he cays: "Living substance or pn>- 
toplacm always, in fart, lake* the form of a eolloiitid 
* element* comp«-uu 



few in number. Those wb>h are constantly jirwrnt are 
larbon, hydr«Ke«. uXy^-n, and tiitmgin. With tlw-«c 
r*»(h iu uuelear matter and also, but to a le-n uV<ter\«-. in 
(Jie nu»r* diffuwi living material wliieh we kn^w a* pro- 
Utplaun, phosphafirs in always anovtat'id Motw»v»t, 
a lanre pronortion. rarely lew thtan 70 p*r c<tnt., of waur 
appear* eswullal tut any ntaniff«tatii»n of life, althouich 
not in all nnntHjiary f ir iU rxintinuanre-, nineo 

• •rfn»nifjiui arn known whk-h wUl bear the lutta uf th<* grnat^r 
part if not the whole- «f the water th»-y <N^toin withoait 
permanent impairment of their vitality. The prese&ee 
ol certain liiutvonte >«ti)tM it- ni> h ss Auontiol, ehief amom/ 
theut b*ing ohlnrido of wxiium and Bolt? or «-*)>ium 
nLotmesjum, pntauium. ami truiL T'A< roWnnoliiiK of 
thtAt «(<m«iUj into a collvvhil mwjHunt^ t*fntM*U the 
i of lift, Htn1 win-it (he ehrraiat «uwtd-( IH 
lib roinjxvuDd. it will without doubt bv 
f.-itnd to exhibit th*t pbenoineaa which *e are in th* 
hahtt of aasociatinic with the term of life." 
A rational cxptanMitrti and undirMtanding of theaii 
1 elvineQta and principles m^vsiitates a brief 
a wbclc as. a basis for the lanrer 
t of a chemistry which denb with Life ilMl 
Nature <irnbracet> rcrtoin fundamentals which are elavi- 
flnl aa ultimate*, and which *pf«f*r to be universal in 
time and aparv. Tbvav uttimjM** am flvn in number. 
Thrt* vt tlfw -Matter (th* universal property of 
Nau<iv>, Kiwrry (the univcniai mode of Nature!, hihI 
life (the univeraol elenieut of Nature) cmiliLfctid nur 
eapeciol attention At lhi« Unw. A eamful eludy of ilir*<- 
univertalN n\i*U atMithi-r ilupendous fact, viz.. that 
uiir wbfttn ayjstctn of t volutiotiary irro^ th and drvclop- 
iiM nt w lirouirht uboiii by th*- i>p* ratt<in <_4 a«r»nt funda- 
mental law vr prtii- iplw of Nature acting through and 
nnon th* w ulitinatt-a. 

Thin lirt-ul fnnilanw iiUl priiietplo is known to eltemisU 
th»- Ijiw itf <Mnni:"al Aflinily. and in refiruruf in i»rin* 
ctph*, evotiitinitary In ifrun th, liHrinoOic iti o]>erwlKin, 
\il-nttory m ac.m'v. and t;mt.tnt<<U\fi in effect In 
«h <rt, H !*• Nutim 'N iiiu^maJ formula for rvnlutiuc, 
ultit-h n rincs mactt-r. itcn-uw-i it* l ibratury activity, and 
& iii wics life. 

Tic- iM'M'ht-fniMt. fnnri a i-«r»>fiil >*;iii!>' ol Uh* Wotul 

«Ki'fh-N fnmi * l.«|Mr nuil (h<iith lid ^. liudon llurnnitAxj 
ami -flu r»|« \ln*-.r-*u Mfll-al AMudaL^in - 

i Tfe* t.fiiu ^«iini!»iii.ir m:l ".I'.-Ji—lmlUU.iii i ir<i«« 11-- 
fi) »n.J rlmrr.K-*! (iklte™ • h!*'li williili prnl- -; Jm*x=. ■* 

(b« nwtilt <^ lite Iniakr >J tiuuitct nikUvlsJ Iniiti Lti» drainam 
bieM mnttjiu kad lu tilllmit* Q>4ej(fonnS)ttoti Into ^mm1l*:u 
1 out «4»tn tnr« U^t mdluta. the *KrAo cydr iJ 



field of Natural Stqenen. takea tlio data -if the cneuafof 
and p|.y»lr*,t, of the anatomMt and phyniologiat and 
pathologist, out of which he conJtrueU an irrwurery of 
his awn, dealing not with atoms and molerujea as 
sueh, but with the conceptions of the physical and 
cltefnieal nature «f protoplartu. in tho QTim-c***** of ro- 
nl fcrmff«t at-tiviry. oqmli- 
otic prosKuro, colloidal mutability, 
allotropse traju) mutations, and eleetrulytte duaocialion 
in vegetable atnl animal ttH»ue« He itniHt lb>t, how»-v«r, 
riitigiiifce awl -Hidy \U*> opi-rutiorw and manifefctAtiona 



ordinate tbo multiple phaaes or mineral and cellular 
activity, and appear to magneliM, vitalise, animal*. 
Mid vtvrfy rettp»«* lively the four gr»«t kingdotnairf itatnro. 
vit, th* Mineral, the V.gytalile, 1he Animal, and tbo 
Human kingdom*. 

The** governing element*, which are roar in number 
and also appear (o be universal in lime and ts\m/*u «• 
may deviguute a* tht* Lift* Kl^nvetil- The aclcniMi or 
chemwrry i^ princi|Milly eonccrnnd with only two of 
thc*ii UNr alamonU, whieh are defined aa follows: (1) 
E hy'tromagnetiam ; ( 2 1 the ri tochemieol life element . 
It appear* that niir or more of the foAir life eletiw-nu 
magnetism, siviflew, vitallrsw, or animaU« all physical 
matter, irvcluding the mineral atom, the plant, the ani- 
mal, and tbo man. It would seem, then, that what we 
know a* tnagnetism iu minerals, vitality in vegetation, 
and physical life in the animal and man, are, in fact, 
certain temtxirary relation* c«tablubnd bciwoen physical 
man rial and thn finer and more subtle life dement*. 

The withdrawal af the life element* in eaten ktiufdutn 
appear* in produce the tame result, vix., dcvltoliSAtion 
and d.olh. l'h>-ir»l matter in, thorefor*. w«alive to 
and mihjeel In the more poMtive life nlenwmU. The 
principle of affinity or polar attraction appears to inhere 
in the vital clement* thernoelves. and not in tlie< ootid 
p«rti<'U-t of physical matter. Koch life element ia ol«n 
attumiil tu dl-play dual and >et differing pownra and 
eapa» ilu-A nrf pnW'ivr and reeoptive nnergy. 

In thi: mineral kingdom the cocs true Live and inlc- 
ifratiDg priDciple of Nature uperatea through tbevleetro- 
mucnetic life element alone. 

In the VMgetabl* kiasgdom Ih* erinalrW'tive. i 
principle ttf Nature opcratos through two life 
instead of ano. That is to say. it opera tea through the 
electromagnetic and the vitochcmk*al life element* Of 
thew two life element* the vitoehemleal ie the dominating 
one in vegetable organie proce**. It controls those 
higher function* of Nature aanociatod with the properties 
or organixation. ; 

plant kingdom is an oipreaaion of i 
meiit in Nature. 

Til*? operation of the law of polarity through the life 
nlesTW-nu anon the individual units, whether between 
the mineral atoms or the vegetable ceil*, is a ceo*elem 
effort to oBtablnh vibratory rxim«j><tno>iic»> and an 
eiiuilibrtiim of fomea in a perfnet union. Thn rosult of 
the«e ci«*elaM activiticti of the individual part teles upon 
each other is a rcrlnamcot of the atom in the compound. 

There come* a time when a portion of the 
substance is raised to certain ratio* of 
with the vibratory option of the next higher olement of 
vitochcrnicol life, which appear* to lie universally and 
coextensivclv m time and space with the lower esemenl 
ol d^tromngnvtinra. When the mineral atom ha« been 
thus raised it Ih«...iih~ siw.'pttblo tn the ejwnoea of e**- 
ordiiottion of I be higher life clement. Impregnation 
«M*»*ur*. The viu<ehcmi<*al life element u inducted into 
mineral substanoe ami the mineral atom btrumue a vege- 
tahle purtiHe endoweil with vitoi-hemic«l or vogeUblo 
life (e it iwot ro*»on*hl(< to mippoan that by this evolu- 
tionary proccw, guided by Nature's constructive prin- 
ciple, all life is generated upon this planet ' 

If all inorgaitkt chemical compound* an* the off- 
spring of the elvclroinnglW'tic dement in Nature, is it 
tiu( r»«.M*n*l'U (o Huppoae that those potential electro- 
ii*agn*ti« «'rurgi<n ntay be liberated from substance* 
under certain conditions of chemical activity, ami that 
electricity is one of the niaiiif>v1a(»oti« of this ir*o«t fdirapki 
of life elemented 

Again, oon»-*d«<j the prop«rti«i anil activities! of vege- 
Ubh in.L.filnim with its combined potential tie* of 
ch etriimagnetLsm and vitochenucal energie*. Take for 
••»mple one of the slmpWt form* of vo^itabte lif* - 
the yoa^t Thtf cell, mientwopic in sizo and poa- 

f>A«ing the himplcsit anatomical structure* and ooturdittng 
«mply of a colloidal solution of mineral salU in truo 
s, oapabte of , 



reaction*, The ycaat cell is capable of elaborating 
certain nitrogenou* volloiua eoCed cnaymee or ferment* 
which convvrt mtgor into oloobol, carbonic acid and water 
Under oartain condition* the yoaat cell eonvrrrta augar 
Into glycogen, which it may store for a long time within 
itself, or which it may soon reconvert into sagar and th*n. 

It «ynthc*iw»t protein ami cWlulo^ It form* 
glycerine, cuccinie acid, and amyl alcohol. It may n<- 
durv sulphur to nilphurcted hydmgen. It geQnrai*« 
electricity. It performs, undoubtedly, a wboie aeriej 

, Hyiith<««t, oxidations, and reduetkoraa, and y#t, 
ths. mscTOAcope.lt api^aro fairly homo- 
geneouo. No structure. U visible capable of explanatiun 
an to bow, iu this small space, so many proeeasns can tp> 
on aide by side In an orderly fashion without interr- 
ing with nacb other. Tlifc* niultiple phaae activity h 
manifestly impownble in n U*l mho. 

Much experimental data and many interotting and 
cUver Uieorie* have been odvanevd to demimstrale amJ 
oxptain th* multiple activities of the simplest of living 
cells. These studio-* have all led to one fuudaaeauJ 
principle, viz,, that J)»afi*n la th* great char- 
actcrutic of lifo. Anything which inurmixos prnt/i|dafm 
and thus disturbs its phases of activity destroy* .-.> 
ordination, and jirotoplaam die*. In other wardxwh*n 
the vitoc-hernicol life element escapes, eo-ordinBtiiin 
ceases, plasmolysu. eiksues^, oxidation, liydrolyisH, sad 
the various othor proce«iRS of the cell run riot, dental- 
ixotion rewlu. and we no longer have living ma'-rtsl 
It u toward a cl«orer uudcrvtanding and a orient inr 
application of the vltocbemical life element that tW 
biochemist of today muRt dir*et all his effort* and aj-plv 
all hh. knowledge of physical and chemical anew* / he 
would ever bridge over Nature's gulf between thn stinrral 
and the vegetable worlds and that between thersgetahV 
and the animal worlds, 

A simple experiment will demon* trot* tha actinn of 
th* vjtovhvmical life element by producing within a 
few minute*, what looks like a profuse vegetable gru*la 
The exporinsvnl in carried out by intrudu>Hnt lat>» 
a colloidal solution of aodiuru sitleat* («p, gr, 1 18.1 CT>*it*l* 
{about the sire of a pea> of salU of th* heavy soetaU. 

loride, ferrous chloride, copper ehkmd«\ 
nitrate, (diver nitrate, gold cbiaride, cobalt 
nitrate, manganese sulphate, etc. One is then wftoe**- 
ing the actual tranaforntation of the oo*r*e crystalline 
iuorganie form or matter to the- nwr* rod nod colloidal 
fivrrn. Hliiulor result* may bo obtained by dropping into 
a fatrly ocmcentralod solution of potassium ferrocyanklo 
bttle pills (size of a p**) mode of oopper sulphate or other 
heavy metal salts, and sugars, 

A Hfjdy of protoplasm loads one to oooclude tliat the 
phenomena of "organin life" appear to be tbo manifes- 
tations of the uulvvral viloehemieal life element through 
colloidal matter. 

Uermaon Ilillc has recently esaimod to have demon- 
elrated the fact that colloidal minnrals are Nature * 
bridge from the mineral kingdom to the vegetable king- 
dom. He is the ftrsl to make a wee<-saful appliuatio'i 
of the vitochomieal priftciplH in tlt« nludy of colloid* 
and the preparation of minerals and mineral aalt* ia 
"tni* organie" form. He is the first to point out and 
demonutrsrp that trii4< organic substance* are eolloidsl 
forms of matter, and ojv. tberefon-, atlolropie nMidiu>*- 
tioos of inorganic suUtoneo* the cry>.t*IUnn form* «^ 



All phvmeal uatun m divide*! into the inovs^anio world 
of mineral innlf r and th* organic world of vegclabV 
and animal matter. Chemical atialyvis reveals the fact 
that the inorganic wtnid is oompoard of the same elements 
that are fioind in the organic world. From the viewpoint 
of chemistry of today, therefore, the difference between 
organie and inorganic U not elieruieal in character, but 
a difference in structure only. The characteristic stnu- 
ture- of the inorganic world is rigid and erybt*ilin«; iu 
1» tin* rryslaL The eharactorifctic stnictare of 
the organic world irt ploatK> or coUuoiUl; it* basis »• 
the cell. TSorno* llrahnjn oloHsaltod inorganic matter 
as "crystallot J" and organic matter as "colloid." Or- 
gauio substaiiee (tlie colloidal form of matterj. tlwirofon-. 
U an allolropi"* inuddlcation of inorganic substance, the 
crvstalhne form of nutter. 

For example: Diamond aitd choir-ial and the earboo 
of protoplasm, tn a purrly chemical tenae-, are the aann , 
*o lor hh wc kw^w They are alhitropic forms of th* 1 eh- 
ment carbon. The diamond is crystalline or inorgani' ; 



* By fclk»U-i>p/ hi (MC}<s-<t«<ii1 the prv^rlv vhn li r,7iatti i*ln -nO (> 
I tlSVe u€ t'SiartL^f ill two (c imirr itwtlnct tttrnOS. CSXh til T - 

''i -:ti«r«i<icrUtui 



Digitized by Google 



«»«..*«» I9U SCIENTIFIC AMERICAN SUPPLEMENT Na 2026 , 7 , 



charcoal la an amorphous or serniorganic farm uf car- 
bon, whtnw thecarbnn in protoplasm u tbe ln» organic 
or cellular modification. 

Tlw. rwmlts already obtained in colloidal chemistry 
□lake it aafe to pa"oeJaim that every known substance 
can Ixi raised from the crystalline to the mum refined 



Experiments with colloidal m*tala by KilUpi. Henri, 
Hualel. Aseoli, lzar, »ml otlirra demonstrate that colloidal 
ructah are as powerful in their luctcrieidal action as 
their inooraoie salts. '>"' »«T much lew iioisonous. Ir 
at all. in their cfTwts ujwn fcrmmit* tike pepon, trypsin, 
pancrealiu, (•«•. The effect colloidal metals upon 
tht: oim r mw i«f uut. ily.is, aut<Mli£e«tion has been found 
I.. l*i iii ii li-rutilM? and bcn^rWiit, In fiu~t, colloidal 
metals in thcnralvea (».»»-•» ferment action which can 
I.' iwianh.l or entirely ajinlhilatwl by mtn of poisons 
like hydrocyaoK- aciil, bichloride unit cyanide of mercury. 
arx^iioiM acid, enrlHJU monoxide, etc. In other words, 
mdloidul mrtafs can be ijo4soql«1 lifcn other organized 



Not inly tho me£a/s and „,j„, r elements can l>e pro- 
duced in the colloidal form, but their salts ai»d other 
combiiiats-'tl* ox well. It i H invariably found that the 
et^loidal form is very much Jc** B soisonuu* and injurious 
than the cryiulliiM> form. ye-sT example: Colloidal 
nipper aMt-natc i* sai J lo hn one ra-aJlllou time* teas poison- 
um than cry-lallim copper niwiiul"- 

All 'if our aholrsouie, ruttliral food » coUoidil in it* 
tulure. Milk, Wl.r. chccec. •.'tor', meat, vegetables, 
Iriiiu.boncv.cV.. arc att u..Ui»«U -*>tool.v their iirolcin, 
cnr1-*ydi«v. and tat ™«Vivu.«t B ._bu« »l« llveir mineral 
bodies in lM .-rganic or vU..cuiM...cal form. which have 
I.™ almost totally ignored » « J d ' rt """; 

a„,.ear to be of such vltti thrt 
the vital processes of 0»» l.timaji "rgaaiam is poaul.lo 
* r .• i, .^..yi.phvaicians are banning to 
without iiu-m. P^^V.1l/of OUT f.Hxl.WLh^ 
n-oogotre that the mim** 1 11P ^, nnA 

lurnurny U( tbnt> ii.Wii ^Uwo*- protein*, 

^^h^J^lT^^ fftW- 0 " 1 ^ lh " rtrat ,m I >ort,u,ec - 
wiV>hydrnt*«, w» . ^ f ^ &nJt 

The n»l»nd minrr^ ' 




the promptncsM with whi»-h tbo Ittxly »ut« in tba olimin- 
«t«oti of WBrsia mutter and iu «4iti>luMi2c tbe iraportui/'e 
or teldoc our uiiMtniJ «alt» in (ni« oreaniii form, vh«r«D 
tboy will *rt m fmxiii rutbnr thui irritoatii to pro* 
topbhaun, try tho following experiment: Kat a Uvblet 
of litliiura citntc. Thvo Uk« a <.'Im.ii pUuiiiim *irv. 
liold it In « ooU>rW<se dame of * tmneMi humpr and nolo 
th*t jt eivra m» colitfHtion to th*» tUmr. Now pain tho 
wire Alanc th«T skin of tho fomhwl. or after n tiling tho 
hand in diMillcii wnUt <b-»w th« win- ncriM* th* l>«lm 
ait<l airiiin hold it lo the wivriw* I'-h.-i. ft».,v,., No*** 
tin. hrautiriil yolluw uih^r «bi#. t<i th.* pr«*. tw-o .rf the 
MHlium. Nnxt takft thn Miitffthuw and obntTVL- tlwi > t*How 
Aamo thruairh Uik; the mbalt cLmm al.*.rrJu Hi*? >i*IU*w 
►vjiilum ntv^ nxnl tb»i Ulan fUa»* of fw.tatJiiiim now mIiowh. 
About a half hour after Ukinc tlw Htuiti tabl-t nutkc- the 
toktne t*«t on ubovo with a rl««ui plathuitn wire. Tlo 
vivid t*d llocup ot l.lblum l« now (WiUinM. In onn ihort 
half hour tlw» lithium fntflrinf at tlui Ktimth hax Ixwn 
abaorbod into tho blond aad carried to all jvart* of tbo 
body and ia being cccmiU'd Uiroturh the akin. 

It it uol Inn* Umt tf tlio ph>^Kiwi can o.»ntn.[ mitriuon 
Hn <«n nntiUvt dlrWiMHf 9 Tf it if> Iruc. and I bnlwive it ia, 
then a thoroiujth know]odgi> of tbtt mineral ^alut in trot* 
organic nr vitochciriical fonn— both in thrir taalivv 
ooouxem* in our natural fo.N|* »tv<l In tli*-*r *ynthpti^ 
form* — w ixwt^n 

An interesting (Numluhion in txinarction with thv 
rvlatiTo value and importance of vegetable and ammal 
fiHxLt in thf huitkfui wouomy may I*' drawn fiNim ttn 
following farUt An a ernrral rata tlin o-lirniW-al chongnt 
in plonl* aro iirogrcsuvr or ooratru* , tive; in an animal, 
rt-gmnve or dt*tructivi>. Some fleavageM ar«- tirinight 
a>>out in plant* ami fwnw tynthi^n an- **urri«^| on in 
ajiiiikfib. Atiimnl" (Aki- up flit> cirganin vrgt'tokilr sub- 
»taa>(Mtt whH-h h*vo l>*7tH3 i-ynthcKixnl by pUnu. OMsun* 
ilaU- them and rxprete t*b*i^ jirodwta wbioh urv idi*citii'*t 
or nenrty so, aivh thow.* eiilie1auiH«s M*vit|g tm Uh%.\ for 
r»laut>*- Art. ill*! f«»od will, thMr^forn. wntain it* own want.' 
whioh will bo m> much <octra inrrt and poUonoua material 
for the haniau orgnnunL to diminate. In the case of 
plant foods we do not hn\'e this vxtfn waate material 
Ut take i*atm of. 

Tho t*r\# of mod*rn aifieniMi, with thcor reference*. 



bearing upon tho important mbtaet of mineral •urvo- 
Ctoo and diteaae, haro been eomprebsnaivBly rorievod 
in a wwit nrtiple by HertnanJi UuMe in tho JfaoW 
Retard of .Tunn IF*. 11112. Dr. Hilk draws tlte following 
signifiuant etmeluaiona : First, that the primary eauao of 
<li<^ww, from a purely phyaiml view point, ia chiefly 
mineral ttarvaUon, and. aenuad, that ruinor&bln inorgaaio 
form cannot Iw qtilw^l by the hitman argaQiara aa di- 
rwtly and effectually tm can tnwi organ rnineralj. 

Ur. H. Packard, in a rorent arlirle on "The potwtblu 
Fiv-^.r In tbe Cauiatkiu .rf Cancer," in the February 
UEiir- of .<*rgrJTf, t.'vnrtvLw nnrl fHx»i<trie*. writ«t aa fit!- 
Iowa: "In viow of thn npnarfintly ircfl <wtabliah*d fact 
that iu tho vegetable world an adequate tapply of tin- 
forth wife— pbiMphorus. p«»tamiuui.. .rou. mang*iw»i. 



life, and make ftir »igarou«, virile, 
hoalthy life, may we not aaeuine aa much for th* anlnud 
world? 

The pnanibUitii>. of Urn *pplii**llou of (MiDoidal chom- 
islry in medicine are miggcrtod, not only by Mwne of the 
eolMdal pre|»mtiona menUoned here, but also by tlu? re- 
aiilt* obtaiu*:*! by J'rof. .Martin H. Fiaiicr. »Iiom> roo>*nt 
puhlinationj., "Thf 4^rIhii*" and *'N»''pbri»b*" and thnir 
aubaequent diartiiuuiQi by William .1. Oira and other* 
are of value and intcm 



aivo phyff,olan, 

A elrarrr umheAUrHluag uf cnlloldn and a uuirv- intimate 
knowledge oj tbt> fuet> of onUit*dal ehr«uii>tr>- and of the 
vital important** of the etilli>itlal forma of tnatter for the 
nunifcHtntiotu. uf orgaoii* life and iu th** tliruinatUttj of 
piilhologii-al eoi^li^irnK nill w»t only aeemnpluh a mur-b 
needLHi dmpliAfation of materia medien, but will alwi 
facilitate a ratiimal undentanding of the primary eauaua 
• •f •J*«.ji>H< und will tbereJiy eicvate the unucrUiu or I of 
healing to th* dignity of an eumt aei.-n.'*? It would 
rnalilc thn phywiiuan to know why a tttmrnly ought to lie 
oolhiidal or orgonie, and why eryatalline or inorgank 
reruedlee are foreign matter to the human organism aiwI 
art aa poiaona and irritant* in- toad of food a. 

A eareful atudy of the. vitoe^emkal principle ia Xature, 
and ita application in iMoebomieal roiw&rr.h, will revo- 
lutt«iniie our chnmiatry of today and give ua a new 
materia modiea for tho future. 



By Alfred J. Lot a* 

Tuk «tiNP of ta*t« and *mell ore in a claaa by themachw 
d **iiT*'r I" certain rwpieta rn>in the olhvr »i»w|al 
!Ii"im?» They have Ikjcii *|tH*TlVKd a* tho chnmk-al 
»nd aiiww ehemi'-al ai'titio <*an take place only 
i \n rtiib*laniM*# Iu actual contact, we can beeoeue 
1; 11T1 . of the .»U or uuv. of a «ivcn inaUrlal only by 
kcIuhI .-onwt «!"• '« «* v »<""»- ' e^™* » 
unc r« !-tri" t»oii «l>on tlw "-np" of thi'to tcmra, as com- 
ioir.il f'" eaaniple with cujht and hrarine In man, at 
anv rate, tlio ebcmkal acn.ca arc not developed to tlve 
rtme di<in«> of rcflruinent »« "lelit »ud hearing N'< 
tho-lcM they fultUI very loip.imnt fuDcUow. their pri- 
mary purpoae bcirur, no doubu to enable the individual 
li> e,wrci»« tbe proper judinnent in the acioellon of hla 
fond. Tlus i» indicated by Ih* Walton of lb* nrfana 
of uniell ami '» «*» ^ "'""th. In the caac 

<,f aliimal; Ibi- »m«L* of t»*tc and araell do very HBcicnliy 
liiltlll thU function; in fact, tbe preaniuptlon ia that 
animal" ha<e no oilier im«ns of dlaUnculaliint hoalthy 
from injuriuiti or poitoooila nkafflala for food. In tho 
caw of man, the same roliani-'n cannot be placed upon tbe 
D^nMi of taale, a* ftomo poiaons have a pleaaanl tante, 
and nomo subttanoes which ar« lnorf or less hartnleaa 
have a daaeroeoblc t*il* .Vsidc from tho perfectly 
normal di""*cp*n , 'i*'* betwocn our likea and dialikes in 
Hi.- mallor of last*, and the tbJne» that are good for ua 
or otherwise. Individual porauia may be subject to various 
peculiar abnormal vairantu of th* aonac of taste. The 
Bill, |*i t of these K a IlK'TO or loss eomplclr "taata blind- 
ne»," »hie.U aiHiumpanics viriiwi diseased ooodltlooa 
raniriac in sermuuMssi from a ouminon cold to iDcnrabU 
of tlwi central nervous syslom. In thn ease of 
aralysis it » c«peei»lly tho sense for aalb'nm 
that i» lost. IViikhi aubjec. to epUeptio fits almost 
invarfaldy lose, the sense for sweetness, often ablo for 
aaltinnu, bill usually not that for bltteniaw, at tho time 
of one of llxar attacks. cwmnUnins it is only one-half 
usually the left -of the mouth and toncue that k«t« 
its souxitivenw, lWsccution ouuiiaos who are in Iw 
of twin; uol»oni«l often have an cxacterainl sense of 
las W. 

Occasionally a peculiar caw ia found in whiuh different 
tastes arc confu^; the patient for example, awcrle that 
a l.itmr subsUni-o tastej salty lo blin. Ill lh»i case of 
neuropathic persons, that i« to say, p««sona of someahat 
iiaxUihl? mental balaniM', ev^tain taatcs are sometime* 
associated with color soiuationa. A tc4nporary loM isf 
the wosc of tasl« can be produced at will by 
th» toccue witb certain druirs. Cocaine, if : 
i Kval aniastbnaU: In 



tloiu it merely deadens the tens* for hittomosa. ftnina 
insano pnraonJ are subjnet to "taste hallucinations." 
Perversions of the taste, more or less morbid in character, 
are observed In hysterical and other person. There I* 
a certain diaowe in which the patient will not all sorts of 
unsavory and evrn diafusting things. Withimt going 
to such lengths aa this, many people have a jmccrence 
fur nmt, especially venison, which ban been allowed to 



' lino at a partial putrefaction, and show un- 
disguised signs of great gusto in devouring materials 
which would turn the eivilixed man sick. 
A peculiar and Interesting phenomenon ia iliar of 
» of thn M.ni«i of tast*. After 
■ of something very salty or very bitter, pure 
water tastes sweet. This perhaps is not very surpnsluc. 
but a one |>er oent solution of potasidiini chlorate, which 
has itself very littla taste, cauavsi water (alum into the 
mouth after such solution to taste intensely sweet. If 
the mouth is rinsed with copper sulfate or potassium per- 
nuvngauate solution, uigar atnoke acquires a r*pol»i vr-ly 
awaet taate. A aomea hat simitar oluervation ia recorded 
by Gattnrmann, who states that if the air contains mere 
traces of prussiu acid, cigar smoke acquires a peeullar 
laete, which thus furnish™ an efficient alarm signal. 

8ubataar*a posasming a marked flavor are of great 
importance in daily life, perhaps nono more so than salt, 
sugar, and vinegar. Aa regards the tlrst of these. It Ml 
absolutely iudlspouxable and there la no substitute for it. 
The plana of vinegar can in a measure be taken by other 
acids, such as for instance, lemon juiee. Sugar is not 
one single substance, but ia tbe name given to an entire 
dan* of more or lee* closely related oompoundti containing 
carbon, hydrogen ami oxygen Sugar fulfills a double 
function, being both a food in itself, and, on account of 
ita pleasant taste, an appetiser. 

In the diseased condition known as diaocux, uigar 
become* highly injurious to th* pati*nt, alio is thus 
condemned to a rather monotonous diet. Fortunately 
modern chemistry knows several substitutes lor sugar, 
which not only equals but vastly 
r for swooteming powor. while being at tbe 



same time quite non.poisonous, to judge by experiments 
upon man and animals. Thus, for example, one person 
in nine days eousunwd 530 grams of the sodium salt of 



for four or five years' 
whatever. It is sometimes stated that animals will not 
eat foods sweetened with saccharin. This does not seem 
to b* tru*. etoept perhaps for aule and bes». wlio require 
t on account of ita awonuieea, but on aneount of 
ita food qualities. Saccharin has no value as a food, and 
over, it b so 



ordinarily taken with tbe food would be negligible even 
if it had a food value. 

Tbe chemistry of flavoring material, and tbu study of 
chemical constitution in relation to the taste ut various 
aubelanees has grown to large dimensions, yot until 
recently no one ootleeled work uf rvfervneo on the sub- 
ject was available. This gap has just been filled by a 
book from tho pen of Dr. O. Conn, on Orgaaiu Flavoring 
Materials, published in Merlin by F Siemenroth, from 
the introduction of which many of th* data given above 
are taken. The bulk of the book i* highly technical and 
gives a mass of data regarding tho taste of a large uunib*r 
uf organic substances. Kor those working in thin flold, 
ah*th«T from purely scientific intercut or for the sake of 
application. V. pnw-tieal cud*, thi. colkclion should prove 
very ralualilc. 

We have bcrc culled out points of iiitcreel to llie 
g*ueral reader, and will close with one Bum observation 
of this character taken from th* cliaplw of Psychology 
of Taste. It is rather surprising to read that girls have 
a more sensitive taste for bitter and boys for swoot. 
Thetr taste for saltiness is equally sensitive. Adult 
woman has a more highly developed waisti of taste than 
man for sweet, bitter and »our. For salty materials there 
is not much itiffumnw, if anything man is a Uttle inore 

tempted to say that this oiuat 1» takma with a grain 
of salt. 

A New Method of Tapptag Blast Panacea 

Tim old method of tapping blast furnaces waa by 
turn os of a king, pointed steel bar, and not only was 
lh* ope rati on lUngorous, but It was also a slow one. 
and It was superseded not long aito by a hand drilL 
Recently an electric drill baa been Introduced which la 
supiwrted by u toug handle, and In callable of making 
a 2 H inch hole Tbe opera Uiig switch la placed In ine 
end of the handle and U ao d«lgn«d that the power Is 
auloniatlcally cut off aa aonn aa the elector lets go 
tbe liandle. It la said that a furnace cuu be tapped 
with this machine tn leas than tire minutes, tbe actual 
drilling tune not exceeding two minutes The electric 
drill is aithdrawn wlieu within an Inch or so of the 
Iron, the Anal tap belrje made, as usual, with a long bar 
of steel. Drills of !ul» type are being u*ed by llle Car 
uegle Sleel Company. Ittttlwrkh. at IU various bU-i 
niniacee. The drill ahanka ar* about ten fivx tn l.-nsin. 
about three feat of which la twlated. Tha drill l» ilj 
At the Kdgnr Tbomun plant ut 
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"Canned Goldfish" 

The Rich Harvest of the North Pacific Coast 
By M. J. Beriwrt 



BOUNIH during (lit* S|«ubti-.\iurrW»u war ate M 
much canned mIiuuii (1ml I he)' grew tired of It, and In 
ii Mftlrlt of derision immed II "raunrO u>ildO>Ji," from 
the color of tbf> meat. Tti the uorthweHt wrtluii of this 
i-i.tii.li> aurt Ala>kn It In IixU^m] cuiim-d *oldn».h.'~ Ami 
* tj-ii cannery 1» for better than u cold mini'. 

Three milium mid n halt rases uf salmon, valued ut 
tuore than sixteen millions uf dutlurn. wrre tuken from 
11 nihil of water reaching from tbe siIiimii bunk* uf 
1'iucet Sound lo the nii'Ulli of (lie Fruiter RJter, h total 
U-njrth <»f forty Ave miles, front July lRth to SeptemUf 
loth, Just year. Think of It, clifht millions a month 
ju rue red from "Father Neptune" without us do itch ax 
h) yoar leave! If this were a placer strike In Alaska 
nen>iMi|N>i> from Const to coaul would have scare heart 
lines a yard h*ng, and tike iwh would retctmtc mar 
scare* to the -«i !n! jup- An It was, the fact wait 



hardly commented upon, even by the local t«t»en*. 

The value of the salmon canned on tbe l*ucluc count 
l» exceeded by ope indutitr) only — (be lumber buNliicsn, 
VvJ far more imMif) in sjient In Uie |it*oce*a of produc- 
tion Lu tbe minion cuiiidut Industry tliuu lu the lumber. 
Tbe opinion prevail* In aotne i|uarter» Oml tbb lttrtuotr) 
is one which thriven on (lie destruction of tbe raw 
product whlrti It iim<» awl wnulro* but little outside tl» 
ruw product for lt> maintenance. 

Thirty million dollars la apent uunually la putting up 
salmon pack, Inhor Uklug the liou'a share, amountUm 
to olx ami a half mil I loo. tbe fob about mU million, the 
!<• lance uf (hi? princely miui l*«hig enlcn up by miseel 
laueoos material* Tli« value of last year's pack 
wan over Uilrty-vewu minion dollar*, and lulu doe* not 
Include tbe Hob *old fresh at locnl market* 

The salmon are caught by sclm-*, traps, or fi»h wheel* 



In the river* M HoiuidH, uii Die way to the spawning 
ground* after they |Mfi ihe BM, Ah anon as caught 
thry are hurried to the canneries ji* rupnlly iim puw- 
sibk\ where (bey are unloaded on tha docka by mmiih 
of elevator* Tb* dressing or "butehcriiifc" aa It 1* 
railed, b* done »|»eedily. mostly by machinery. The bead 
tjffjl tit IN are turned off »«u a band saw, where lornwrl) 
they were cut off by a cleaver, In tbe bauds of a China 
I tw»n. lite Ibib U tliefi fed, tall firat Into tbe "chink. - 
which 1h the cleniilnij uiftchliie' (bat dlKpluced the China 
man an a cannery laUirw a miBiber of yenni ■flBi Hv 
one revi>Iutlou of tbu whnel the Hum are rViuoied, the 
body aplit ojien. the vlocera tom out. tike Interior wall 
scrubbed bj rrrolitiijc hrn*be*. arxl the dr**o«Mj tiwb 
delivered Into a lank of wuter. It In then j. lured upoa 
* ojkcctally- olltted elerator which feints It Into a twin* 
«f reVfWItm knlte-, gf dlnk\ whlrti cut It Into length* 




I i-.lo»dinf flan to an elevator at the paeklnn h«ua«. 



LabelinK and boiliif the rana. 
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Gathering the *almon calch in a fieh trap 

It u **ttiv*t"l that H»" *atr* •! »ura a trap la Uoo aaluiuo uiary IWraty four aawra, averaglag algal pouaO*. l>uriav l a* t»wl*bl of law mIi 

— 1 at Uba trap. 



> ■ .1. -II tnt 



,.„»ro«l»»idliu: <» "•* height of the cat, It 1* ii.i.ikI.iI 
f..r. There arv » variety <if hrugthn uaed. only lhrta> of 
which lire ataixtanl. commercially known a* No. 1 U1L 
;,■„, 1 Bat and tbe half pound ■-hum 

The grading of Hie Hall U tlone oji the unala of solid 
and lea" dcalrable cut*. I'ail* are generally filled by 
machinery, but a few cboftor imrta are lucked by band. 
The cam" are boiled In retort* at a ieniperaturc of about 



■tfii ilea*. Knhr. for two hour*, then taken out. dipped In 
lye to take Ilia xroaae off the cans, dried, labeled and 
packed, forlyelghf tlua In n box. 

Too aalluon cuuucr la a real Hunt* t'laua In a war, 
bia operutloun eventually playing nn liniNirtant |iarr In 
gladdening Ibe bearta <>f butidrrda of tboaanlida of 
small bojs tbe worbl ocer. for tile rank* of the arrulr* 
of brave till »nld|pr» whbh niiirrti annually from the 



toy faetorlr* of (Jermaiiy. to rni.lure the bear! Of Ilia 
war-lorlng boy, are replenished each >r«r by the mi I man 
can* of Ibe Parinc coast. The r*crat« awl .aid pier** of 
(In are carefully an veil, baled, and exported to Orrninny, 
vi here Ihey enter Into Hie onrnpi*4tl..h of tbe doughty 
n-d aid! blue warrior* win. wage wwr »n rclentlcast.v 
anon nue ini.-lhrr. on tbn world** nursery floor*. Put 
real war ha* now *ibt[*-ndeil ltd* Induslry. 



Optical Shop of the National ObBcrvatorj of the 
Argentine Republic 

By J. O. Murrey 

Tilt optical ahop vraa established In WIS, chiefly for 
Hie nioa-trnrMno of the mirror* required for tbe re 
llrrting leteaeopa of m meters aperture provided by 
lh*> government for tbe Cordolm (Miarrratory. In ml 
lUtlim to thla, we are nlao nuklnc Ibe mirror* for n 
reflecting tclescol-e of "*l Inches nliertlire anil a M-lnrti 
|p*| plane for testing tbn parabolic mirrors. In order 
to hare a* WHO Interference a* piaaiitile n machine 
was asade foe «*wh of llteae, and tbe HIllatrnHoii allow* 
the three machines In Hie i»«llloii ihey itccuiiy. 

Tbe oHIi-al "hop 1* In Hie Iswemrut of one of the 
■ibacrvnlory bulkllng* where tcmiieratnre eooilltloftM 
are very even and limnjiea lake place *lowly, tbe ob 
served difference of tcmiierntnre between bwtraaut 
winter and -Mmneer belnx only II del. Cent., unit !»■ 

tweeu ibiy ami nlelit I* i "■• lahli A luimel 

extending from one ewl of the «liop glvi*. a leneth of 
IIT. fret for lestlnc 

Kitch "f the machines. I* pruvtded witli an overhead 
irollei and bnl*i for handling the gtaa* dlak* ami 
bear}' ca*t Iron grinding IibmV Ht dinViilly w»a el 
prriem-cd In making caat Iron grinding liads ror Hih 
ll|. Inch mirror of siitllrlcnt slltine** ami nlllt light 
i-i.Minrti aa*H hi lajajajag cnunlertsilanclhg- The three 

iwarhliH- nre the Mime In principle, the only dlffrrei 

Is-lng In »..i*ie "f Hie di'lnlU •« ii«-o«nut of Ibe dllfor 
encc In »!»* of the v.«>rk rbey arc lo d... In.l'-i" ' 1 
■olor drlre I* u-ed Tbe prot.le« ..f ri*lncll« Hi.' 
*|a**l .'f H»e ne'lor from l.»*:iO revolnlb.ie* t.. "J* mi. I 
27 revolull.. « pee minute l tbe -|. of Ibe ilrlvlnit 
nr» and larnn'.le abafta In Hie lame machine 1 la met 
Ihmwth aptral o. worm (carina; fiearlng of tbU rla«a 



I* often bhtkeil n|...i. ..in. -uaidcloii by naecbaiilca, hat 
If property made mid np|.|led I* v^ry eltlrfeiil. a one 
hor»c-power iw.lor *u|iplylnx ample |»wer for our 



Innrc mnehlni'. Ail uprlitht vplndlc* Inive I.11II end 
IhniMl*. Tb**** naaebltic* are icry alendy mid Mii.».lh 
In o|a-Tiill..ii ami arc under lerfiii tvinlnil of il p- 




Mirror grinding la Ibe optical ahop of the National Obaervalery al Cordoba, Argentine Republic. 
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crato*. They n re compact n nd ta ke ugi very little 
room canshlrrliMC tbn alio work tb#y ntv dolmr,. 

The preliminary of the JW-uich flat In Udne 

dom- without removlne the work from tbc machine. 
At Hie end of the day a work tbe pollnhlnic tool Is r* 
itxivxl and (t»c dKk denned, aud a 12 -Inch tent plane 
plttcod mwrn It and left over night for the tern per* turr- 
it even up. to the iniwDlng lb* work In ei« mined by 
n mercury ltabt. the Interference haiwlM xhowlnir 
the liiicb or kiw place*, after which (bp tool U trlmn>ed 
ntvoTdluirly and work resumed. The Itnnl tontine will 
rune to be done ky >«etlttig up In connectlun with a 
perfected -pberknl wurfiieo, ami tested at the center 
itf curvature by an artificial «lar. The fil tiurh dt*k 
will have ia h* perfected Tor Ihh aud ufterwurda para 
UillxotL Th*» nrtltlrUl star apparatus ban a portable 
arc Lamp for an Illuminator. This «lrn a tery bril- 



liant dtar aud permit* the oac of a very aaall aper- 
ture, rtinbllnit the operator lo ae* very tunill IrreKu- 
lurlttce of figure The iwrfeclliijr, of fltfure on mlrrora 
of thU vlawt ha« to In.- carried to a very tine iWrw of 
accuracy, the dcuband hclux eoiwtontly for oocncthLnc 
bettor, and the optician** Hklll ia taxed to 1ta limit. 
Tbc ability of an .tfdk-lan !Uw lersdy la bU aklll of 

At the end of the tiuinel. away from the Bilndlli* 
machine*. t< tbc dividing eiutlnc for nallnff diffract loo 
jtrarjrujx. This machine ban been perfected to the 
point where It wbows bn appreciable error* by the 
crowned lino roll me teat an ikwd by Rowland. On ac- 
count of tbc jgreat amount of other work na band, iiut 
little rcccilar time ha* been given to thin machine, 
ovist of the work tHni; done an tbc holiday*, of which 
there are many here. It U hoped to set era tinea of 



about I2»,4NM> Hue* wwolvln* power from 
pmrldliu; vnry ra lun hie Imdritmcnt* 

Tbnroush ventilation 1« iclvcn tl 
forcing; air alowly thruaitb a lane? utKlerirruui»d pa** 
age TO feel kmc Thin give* Lbc da«t tl chance to wttlc 
ami fresh ulr enter* at rm»tu temperature. 

The writer divide* bl« t1«u^ between tbn optical whop 
and coiiHtruniou work, and an there In i 
the optica) work, pro«iv*M U more xlc 
otbcrwloo bo live cane. The Mualler dlttkn have ad- 
vaoond to the imiot i)f tcftlne., but tbe larite dhtk hi 
Ktlll In (lie rem c I Unir fUKc Tbe Ur^'e disk will clear 
op 01 Inches In dmotetcr. I- 10 Inch** thick, and 
ueUths 1 1«ju Tlie .TO hicii tcle*-.'i>pe will be u*«l at 
tbe Cordobn r>bHcrv«i<.ry. hut the lanje lelfHC«.pe will 
hf ]4*c(Ht Id the momKalaM a f«w mllen wwt of 
Cordoba. 



The Value of Radium in Surgery 

An Estimate Based cm Our Present Knowledge 
By Robert Abbe, M.I)., Senior Surjreon to St. Luke's Hospital, New York 



THi.ru I* rvvMlal nlowly In oclanca— aa worda apeil 
tlbxuisclvow tmt tetliT hy letter. The irkoJc truth about 
mdlnan will In' nrltti'ii ycara bcim% for we arc Ln the 
tir*t iU-**(l<- at>l it* liujttMlHiKc *tlll Brows. Ten yearn 
MU " I'n.f. Kurhcrfonl. nlio h unally the JlrM iiuthortty 
lo-daj ou the auhjert. <mk| to aue that the plivalcfct 
tbi'ii kiu'w a U»iit all Itwt wan Hkety to l>e known al^out 

i «)lium, urnl It wn* Ibf wi»rk of the modkiil pu«ft««loo 

10 H*i> «hat II wuftikl do In thplr hrn-K sin*-** then be 
ha» l*»*»o\ a iim.v wlltlon of bin <roat work every year 
4kt >•>. ••Id hltuM tirliis otHMilete, und vtiJl Unda tbnt 11 la 
ibi- uci»4t4 wonder In nclcncc. I* It any murvcl that 
Us ii-iffuliw-** fADiHtt be e.^lujutiyl by tmr pretH'iil know-l* 
oicr of It* ability to cure? Ttie only rttfn-l U that 
tho profe«»lo«i it ii d public buti* W-etj eXix^tlllf !•.■< litlirb. 
lVn»jilr w ho cmkh'I ttt t|i~ti »t>- n^f* • bti|i>y wht-n tb*'y 
Krl U«H tbnii tliry t'»|^.-t. 

«'.. htv .IfiiUitc with » Moi^let tvoxkluc mluenit un 
Ilk*- iiny (rfbrr aipiit hi mir haitd.-*. While It rvst'iuliU * 
llw i-tiiTsy of tin* Uoi'iitci'u ruy. It h imllke It In many 
way*. 'I'Ih- oui|Mit of a huuiIi bit of radliuu im^'Iit In 

ii i>.«n.^|it> f.-nr luwly elei-trHwI. but unlike .^.i-1rk- 
lly In nttj f.trtu lH-r>t-.f,»ri- known lo pro.f^Hl-.ii;il w«rk. 

11 i- . t ^..Lrt(.,| with It"' t'Mr«i.n!lii:iry ilfHi-k.-iriji- ..f 
liitltilloly itiiiiK-rt'O^ Mi>nni>- <<f (mrtlfU-^ i-n* h U-jrhi^ 
II. .luiMit- of «krt*Ult,v, >.4ot- |M»Uhr, >i«llr lu^Hlve. 
r.^ultli.^ fn-iu Ibt- . \|.l.r.|«n.> ..r nh^us with a fi-nv 
drhhik' tlit m Into ti^xu -- with tin* ^^\1 of Iklit Into 
i^jiiuri-^ no'k.H. by tlit* nunt artful liithlt n^i of ro'kn- 
tiltv de««-,th«- work. MioIuiih' Ciirit- pur-twl ihN uu- 
kluoAti xoI«h|iiiu v tt ml drucKC'l K forth, a little uiiint in 
l*iwcr, 1 4i rvi«'*l tkr hiddfli myi<t#'i1fM ..if pb;>tinl fi^Ti-*' 
it nil t*n|i-h human Inteiii-t* In tlu> «Miitrol of >o»nai> db- 

In lt».-]f nolluru lllut.tratc>i in ^tin-t Dtnited form 
lbc uu!v*r*at i-w «-banuv 11114] <b*» iiy *>t tntillor. 
It>i nionniw* (.-Tii rtj l« like ln<*<riM Tilted life. simI lis 
rltttrirti!* tike lajtin^mrd Mr rr)riin*<l 

The lir*t suitHhc wi' h II fell tit •«<*-intr n pboloicriipb 
hy tbf lba*iiticeii my tlinn«b .iti ifwiiie l»«iy U eclH«edJ 
by (lie plyitouriipb liivob- with t Ii*- -aiiM- unnfloun |«riie- 
trulhiif powi-i* of :i tiny plm-h •►f radlnm iirtiiliiol in 
11 tihkH* tube. pbott<;rA((Uliii; tbroai'b tlie human l>ody, 
or a cranllo tHiiikb-r. or s.iim- srvf-rnl lmbo> of *te**l. 
An It iwnetrntr* atotu' <.r Mih-L It mores In UKlevUthtjt 
line*. Nolhinit can deflect itn dlrc-t movement, or re- 
*1m tbn? deMntctive power of Its Inijnict Vet ft oarrlea 
I11I0 the ti«tw-< aho h nmterinl forxtf nol tfearravfiVr. 
but a mlttb' |<iwi>r to kelp — m <T,n*tru<tn >■ force -which 
tin- k-*-iM"-t "(inlj bn* lH>t j.-t hiiaIvXimI .-i hufiicK.t'.l 
TUN l> 11 nttmuiiilituj for^e nxvu;iilz* t! llrtit In Its f ffci't 
.■41 ft nil life, and Inter lir.Kicht Into u«* M c^pbilu mmr 
.,f lk» phenomena *>t itf liitlueii-.v un tumors. 

At thin |w.lril nil arunon i .1 (wm lo clve w;iy lo ob-H-r- 
>^tiim L'nlll w.' k:om why irll" urow - , what Innate 
ih.w. r rfl'h"< hi liiliik- tL*j.(M- whbh iNtmi^H irrowth 



why tbe .lU r.u n> mi.l .•in^er-ted r.v v r«rowt1i i»f colli 
f..nos iif. 4l.*.rTi 1 In^ tumor*. w«- will not t^ likely t*. 
L 1 ,, • o "hat the hirliHU.'c iri whloh U mIioI Into tin- «vlK 
l.y tlk nii.m-< i>f ritdlum which rvdui'e* them to onlerly 
CTowth. <►«.■ ..l^erv.T may tlMsirlxc ah,mt tlu- known 
kii.i.-rir|.lnl |.<wt r «( -nne rayn fr4.m radium hrtnj: re- 
>r*..i..il f..r Ik-- altt-nthin vf luin-ir-: onottier. that 
lit. r-lici;.k-it fU-iii^i'h r.c.iKhl iiIhmU iii (he <l- lir«tc pro 
f..|.l:i?tti iiij<> alti-r tU'lr t,Toi>lb: *o»^ln'r mm ii.lv.irtce 
ini hyiti.ihe-ls Ihur (to< < >> :i iN.t.i>c . f ■-. :\ rmwdi niny 

'■t ih". f.. :i |.;|fr. t.i ■) v. ,,i , n - 1 1 * » ■ iniii <t oevtlive 

> I. .hi- .b-.Tf.' 'II . oil ..II ol t.h .iH.tli.l> II- f.-T 

t^i.> m.^,,, (tJ r.".|«.;Hl l > eUi-trl-v»l Hihtdlb-H. and Muit 
ilo i t tulirbt r-rrmkl nn ni.hi.ir.n.^1 m,.] luordl 
mt.c ou.r^rowii,. w h k U a due -«pply uf Uctu rayx of 



radliun wu-h carrying a iie-aUve chance of electricity 
raUbt corrwet. In any rmw tlie Kophicm of Hmley 
that "tbc4*rk!* lu-lp to bear our tEooruuce of fact**" 
rcmlodrf xxs that 4»c mtut revert to the huklt of obser- 
vation for tbe most nurt If one would muke well grouMl. 
erl iidvamw So let a* now drop till kllii-lh-K ft 
woiideriDrent or mMcadiinc or dl^ntftlng tbe"TUw and 
u.ncuc 00 facts ultxn.', 

Mirny hftvp lont mUbt ot (be llrMt uncootrorerted 
.1*1 nw. of the 84-tSoct of radium In retardtns seed crowth, 
4.1 In rcpreMlnx animal life, a* shown hy the protoniw- 
tloa of tbe worm Maee of radlamtsed warms while the 
ourudliuiilacd kntchcr luul vHtcr wxinim pattsed lolo 
the chn**ill* and »awTeilliiir beelb* static, onupletliitr the 
cycle by lnyinir t*WP» which be**um* wurDiH ajCiln, wbll* 
the radluiuiX4«l worni muulii bncbanuyl — A »*o«t of 
Mettut-eiali ; or. npiin, tlw (rrtuillvo a|d«nl nwaHnitlUs 

I bv ev| fc .-*..l to fndluiu. the dluappearanoc of 

>M|wfrlcIal epitbelkiiuax of tbe face under radium 
\\'t<n< that all that ^.ukl be dulnicil It would be u kumII 
^iiilrlbtitloti linb^l. I'm h year, howetrr. baa added 
^.melhliiu- to ike credit .>f »•« utility. Of thli* It may 
well be -aid thai, cou- klerlni: tlie miuiiH auioiliit In eiht- 
ei.rv mid (be few obHerver*. l| |h ainuxinc that *>* WOVb 
c;in ntr*'lol> I"* . liilno'd. It I* a» If u hnixlrpd si-iilpt-lw 
m.K wen- hi eVk-Hoie In tk»- wotbl Hl>tiHld of II Ull 
Mo). T**f lOiVl.k.li* aixl •.x| n -rb-lli-ed l»eli to IfcH'. 

It l> n.it yrt kiofAti how U-^t t.» ikM- radium, wbetlicr 
h> -tioittf form or •hint*-. whi ttoT In nuked form ikj a 
varnNlwd *iirfiu*- or <-oiillueil behind thin or thick metal 
niters, t« (Mild back wine eki^e^ of my^ «r In the fi>TUB 
i^f ewututhrtiK. In view then of tbe ^vnfu^lotJ of luetbod 
tin.) Hie huM time tm > de<l tu iillain |HTHM»ncnt rvsultw 
by tin- few 4n.|[l tl 4j^ ..l^rvetx H In no w^aulPf tbnt u\ow 
[.h^n— u Mux luaAc 1U cioliitl.TO 1j* mrt nnllke 
ilinl of ilu Ityliij: niaeblue, only Jiift now/ bcslnnlnp to 
U prnWlriilly uscfot, 

l'.rlu|» ihe Or*t nn<iika!Ulol proof of iLi oiKKjuc^t 



of the faee- <iruut that It fidlowed the name ellblent 
net I011 of Ituentren rny» dttmniHtratetl t'< tbe credit of 
tbnt mnncl: srant that »'iri;ery bud fof iCfiieruttonM 
l-<rn nble to |e.*t Ni*ivi.*fiill) 1h>r-*> Kauiv muall pn.wtlU4 
hy turning th-in out or burning thrui out by cautery 
t*i chcinUwl*! Hy tbew menus »e have formerly cured 
the pJtthjrut — und we villi tin so but we dcvct cured 
tbc dUeu^i* we only nenioviil 1l Now 4-omew a uew 
and MibtU- |Hiiv ( r whu-b cure* the dl-wa-H*. drlren back 
Into onlerly life tbe <li*>r\lerly cell- wiottltuthtx a 
tumor. We Imkl our hrc*.th in ^nrpri^t* — and rUktly 
mi! 

A loiltir.o .|»*4-;I.mi iniw arl>e« 1- there her* a upe- 

cllk- net hili? I** I lor t- :l il<-tk*Ii aiMln^t tbc 

ctno[-iiiriit eel It of 11 tumor tllsorttulniitlna In faror 
of tho** 1 t>t hen H by grow th* We .m.^w.t. ye*, mid offer 
j.r.»f by M-v.Tul 
4SUUAV A mycU'ld Min-imn I* an oirrrmwlh of tbe 
my rhihlii.it 5 of the bom' mnrrou ,\i they increase 
eii»nii>ni!dy tlwy 4b«iroy the caicltk- kom- by pr«"*ure 
or nb-»in , ti ,, n. loilll till Hcuiblnnce of the 1mh»c In umiic 
ami I-* n plh4-otl b ? * pitltae4X.ii>- t»a» of *r.ft tumor. 

fti Itw rtciir filturv the lift- of the piitknt liuiy he hjictI- 

fl. tHl ttiiflm; tlw cr4.wtli ..r the tumor n correct ilos*' of 
ro-lhiin U nhvn, uii'l Ike i-ctl* not 4>nlT cense crowlnj; 
I nt r^tntLTiide. Ariit r*frniit a rrformntkii of the boau 
^ Irti Ps orlcnuil Htn>--liin- :iih| f..rtn. Wr bsivi* tn a»- 

>il in' lli.it tl.-- i-itn-nv.i.O- |.|-,»|m> II f lo;»rr..w en-lit 

hy :i1toph> :,„.[ : k 1^,.T|.t I. 
of tb.- rh,ro t |« ur. ^iowll. of 

c.-is luti-e 
life wort. That certainly 




a *vlotlHe action a*alB*t nx«k cells. Why ban tlw 
vleloiw growliK fomor baited and hcirun to rtftrucnule 
liuiu*-i1latel> upon Ibe apjtlb-ulkju of a shower of radium 
rny>? All tliat bin* Ihwii dv4ic b*-* been lo use lieU 
ray*, of wbh k we Luh.w Utile envpt that em 
carrlert a eharur ..f neirutlve electrk-il). mid 
ray* with no eleetrkwl «karj;e, Imt a wa 
cUTedtn* tbe qai-U of lU;bt. The effect b n.it t 

l>ui lust tog. 

The fir*t M«Ttlliue cane I hud waa of u |Mtlent 
ot wlki-c lower Jaw w«» destroyed by 11 pure myeloid 
tumor In which the twlh were »et a* If In Jelly. Ita- 
dlum rnpUlly HHhuxiJ the nia«* -jdUI iciitly boue beKaii 
to fonn and tl>* ifitln- J;iw w»k re-e^tublhbed in *haiv 
and Ktructurc. with t»»-tb ^»>1U11> emltedded, ami [bin 
Iiuj* reniulnetl il> |vrfc-t a^ a iiontiul Jaw for ten )e»P*, 
ThU lyi»c of dcstm.tlve tumor Hm<m> to tuj 1 
and .pil.-kly cured hy radium. Ten tat^w have . 
ftrnh*<l UiIm In my luutbt, s.joue In the up{«<r or lowt-r 
jnw, otlnTM In iIm- lone U-iicw. TbU I wrmld call » 
#rM«cinc in-t of m certain Intliietiee tll^crluiliuitlni* apiln>t 
dis4,ivk -ntl « v ii 1,-nmih. 1* at* I H t g,rli!,c healthy ^IU >cnt 
lered tliriAik'koiu ilw minor ti^ue. 

SCOTI-* Of ^inllAI' cfT.»-rj. iiMlht ke ipioUHl. but I will 

SH-nk t>f only thr.-* oth* r<*. The llr^l wn-t of 11 umti 
44ii who*** lower eyelid igtvw a tumor which In u year 
wviipM tmin- thiiu lulf lt>- hr.-a.tlh. pmdjed the lid 
frtmi tbe eye». M || aD ,| Ktvv upwanl from tbe lid and 
downward on the i-bcek. a lart'e purple tumor pro- 
i^iiiiioHt Htin-oniu by mk n«cople study. H wan ulven 
e*]ntrl !ti«iittfi'ii niy Irentmnit twt-nty time* with 110 
bcoellt. Afr^r four hour* of radium from a nam II tnlM- 
labd npoii It, It nu'lt^l nwny iUy hy day iuid wat. sooe 
ln eljcbt w-rt.k*. I'imiu >.^r to year fur elube year* I 
miked ntuny mitlk nl iut n hi -*y on which lid the trrowih 
had U*en. The eyelid bad l«*-n eutlreiy utiirulfctl by 
(be tlbeiiwc. but <wt of the iu.-*h* tln-re were rca**eiublcd 
tbe orfirlnal cell a of tbe *liln, of tbc t-barp cdifm of 
the lid. of tbe hair bulb, and f.illlck-H, mi Ibut kit In. 
irrew *k'Hlu wi the reKtontl lid. lterteah-d exauilnaOua 
1^ tl»> nii. r<«-^^M' ^ikk-t Il«i JihI tt» dlftpute ao to whether 
to Hurt*. It •|4lhelk4im t.r -Jinsnun. rilnlcall) it did 
out re«enihle 1 pIlkHhnnii. In either cn^ tlie nidlutu 
nrte.1 as a sjhvIIIc dire. 

A£nln, 1 n»k yt*j to *it»io*hler a caw of tbe tyi«e of 
ruuud-oelled narcttma ttf tbe partctul bone of the Rkulh 
Durltut one year tbe home had l<een ctiteit away ami 
reduced by a tuiuor of tbc nr*a of oiie'>t i«lm, renting 
trti the tliini and lifting the scalp two Inches fruca It. 
A section reiiiut it| for ciaiuuuitWin nl^twiil a ri^jod- 
tvlhtl Auretaiin. A -lleer tube with «m hnndr^l mllll- 
Kfuoini^ of radium wan inverted thnrnffh It In iwo 
pJnc» acwl left eljghl h'nirrt it. .^icIl The tumor nn ltetl 
away until lit thtv*> uimitln It wii^ pmr. all hut tin- 
tbkkDi-^ of t.l.utli^ wkkh nhowtt u remnant of tlw 




Finally. «t *howin? u .lelluUc ai-^rtv ami wlectl^ 
atflott, one t*e*-< n rupllk'tua In any fmrt <tf the body 
4lt»tappeor uniformly titter thirty mhiut4> of nidlum 
InfliM'iii-t'. Thin I hnvf vertlicl mure than a hundn»l 
tlm^. Ilut the ^N-kil rttdiit 1 would cmiphrtAlie U the 
fact that wlien- n» In the Uiryiii, the vm'iil ^.rd-« ni»- 
bttrlril In in*--.-- .,r r»pnhnnH tllllutf tbe kiryn^cnl 
?tpatH- Ibe tuiiMtrw iHKi|>|iear mid leave uernuil jfUMciilnjr 
white \.:*nl iv. nl.^ the «i«-.tkbo: mid cen line 9-lni^iif 
powrr rrtnn. 'Phl-4 jtoh^, 4-vn. more tk-111 icnw^ up. 
I- joriiTitiv Ik-il tlw oc!|. iil4- ortjo--il |l:-<«o. .^1 whkk the 
I.Uio.r w . I .nil up. .nut fT.^4. ivfikb Ir -tom*. U IIM 
off.s iol l.y lb.- radium my- which . .-. I 1t,e tumor 
i44 diH«p r -tit a dtttceii fturh ensea In ip) baud^ hav t 
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Ors" may also assert It* specific action In ail basal 
celled epitheliomas, one may perhaps ebonse to call 
it a repressive action whu-h causes every such tumor 



a» a 

Tlwrc 
•if myoma. I 

(ton* of the tumor Iran tlie uterine cavity have bm 
followed by priarressivc shrinkage year after year, until 
the growth was alnicj«t wholly gone. a> ir the disturbed 
cell reproduction had been curreetiMl, quite like the 
typca juxt mentioned. 

II becomes IB no* to sis-ak of some culm-ting fail- 
ures In a different type. ""' sarcoma which are com- 
posed of sfilmlle fells auuielimi-s mixed with a few 
largo free ceil*. springing from and destroying bone 
very- much like Ike myi-JoW*. but Dot composed of or 
containing true llivclopluqucs, I lutrc vainly ondeav- 
OfmJ Bo brine b1n.miI it rccriurrnde change In these tnmors 
' year*, but hare made no favorable linpnwlnp 

tile-celled tumor of lite tomimrai bora, ten years ago. 1 
liare failed In llifa fjJ*-\ In sc-vvral fair attempt* In 
similar tw of the IfMn, femur, and radius, and of 
suiue In the soft tissues, ajt in the popliteal space. I 
muuot even tvaliii lo liuve retearded or aliens! their 
growth . nor ha* tte mlerowoidu or gross apissj. raise* of 
lite raillumlxed areM shown tilie speculc effects of 
work. This Is true KlM of HaM typos of 
I at the skin, the sivi^urious-oollcd tyre. In- 
deed 1 have cotne lo tegnrd. n rctrslstlng i 
a- probably „f that type b«*« TO t..lcn**,„plc 



tlnu L> 



■ii 



uncoiled type are prone to 
nB tlc Bland which the ban! 
B1 



Invade (he ucurort lymvli 

till* the surgeon will be 
• v-w to thorough use of lib) kcsrincst 

i „..i,v..ot then that iUnlmlnntton In 
■Hal '» .7*""' hlJ , elBrlrI , t .„„, toto repute 



««, If we would n'"" 5 

J. n il, mew ho .rProao*cd w 1U . all the skill -ml 




touched hy 
facta which I 
to take the next step 
revealed the nature 



now 

Judgment of ripe '"r^*^"' 
of nil time". »"J w 
Hie new agents. 

, over, we arc 
Kirst. ' ask. ' 

In the virulent form which the public anil 
I |»t It ha* not We only know 

a,l«tic». It has always been classed anion* mallg- 
„„„, dUcases. iBiillimalit In the sense that It la a llfe, 
dt «tn,ylnj! erowth. composed of cells which In the be- 

KtaulWC » l» rt ,>f ^ CT,U "f ~ *** T ' 

in the judtltnent .rf patholottlsls u cancer of the uterine 
,,.rvlx lieirtns an an eplthellonia of the cervical mucous 
niemhrane; that of the sttanach aa an epithelioma of 
Hie follicles or the llnlns niemhrane; that of the breast 
as n epithelioma of the iluct fallklce: cancer of toe 
pH tnoi oriirlnatcs In the epithelial mucous (land atrue- 



If we could ntillate the disease In lis early groups, 
we roold end It Such facts exist I have one patient 



whose istvU eiirettiiitrs showeil early invasion of the 
submuonu structure by proliferating e|>llhetltuu, a 
tyrileal early cencer In which radium trentnwmt iil,«ne 
has riven a cure or nine years. In only one other form 
of beginning canocr, that of the breast, where It tjcglioj 
as mi epithelioma of the nipple, for whk-h surgeons 
always advise mammnry uiuputntloii. tvave we an 

to te»t tlw vnlue of nidluiu In 11 irly 

stage. In all such .h^s I have i-uilsisl promirt ills- 
ii|>l>narani'e of the grrnith anil mslnuiiwl «iHi«o|iu-nt 
health for several years. 

During the years of trial 1 hare necessarily tested 
radium In muny uf the massive ami Inoperable types 
of cancer, hard scirrtius breasts, enceiihaloM tumors, 
large furigatlug rectnl cancers, unit tongue catesis or 
all stages. It was right ami Just to the suhjoct that 
Ibese should be carefully subjected to teat I may also 
say that many terrible cases, from u surgiciil isjlnt of 
view wholly luojM.Tnble, have t*eu offered to ltH> by toy 
Mirgkul frlemls as a chnlleuge whMi I haie rarely 
reruaed. Ko that .wt of th» luaas ot !«■ history of ten 
j.virs I can sfstak In general terms with some precision. 

It la Do small tribute to radium to say that In one 
tenth of these active cancers a retardation can be seen 
and one third In time added to the expectation of lire. 



seem to me to be sneclllc In the sense that II Is In the 
dlaeaaea narrated earlier. Ten years ago I aatlsjled 
myself that radium kills the cancer cells In the groups 
ncartiy It, hut within a limited radius, perhaps a quar- 
ter of an Inch, and that to destroy large 

be plated throughout the tumor. In 
cases there was always tissue necrosis with more or 
less, toxemia which always passed away safely. In the 
earllufct days or Its extreme use I occasionally observisi 
a temperature of HKt degrees to 14IA degrees, never scrl 
oua for more than one to two days. This was followed 

followed up aoeh cases by further attack! on the 
boring tissues, because Ihey have beeil assoclilted with 
pre-existing lymphatic disease, whk-h made Ibe task 
too hopeless. This method of attack Is quite like that 
of Kronlg. Itumm. Volght and 
masslvn doses In uterine eancer to 
maaa and have felt that far better results « 
than by excision. Experimental work In this field Is 
still being conducted, not without hope, 

One practical, mid demonstrated gain to surgery la 
seen Id the isrlnclple enunciated by Wk-kham that if 
all the massive cancer cannot he removed, radium run 
be siKCewsfuily applied to the thin shell of disease neces- 
sarily loft with tbe certainty that It will be destroyed. 
In one patient I was obliged to leave a tblu layer of 
cancer grown to the wall of the carotid artery at lb> 

of perfect health have gone by with 
This principle of killing and sarely leaving 
remnant or malignant tumor is or the greatest Import- 
ance to surgery. It appllca to every part of the body. 

a material advance 

Hat the most definitely good effect uf radium work 
In these several cancers seems to follow tbe blocking 
of all the vessels nourishing tbe growth by a preceaa of 



endarteritis. This irritation Is of lni->tlmubl>- value in 
nil radium work where high vascularity and active ,vll 
gn.wtii are present Nothing M efllclent In Inviting 



cry. It cfTists a Jcllcate bl.sirji.llug ,.f vivo*)« by 
eudiirtcntLv. Nor is this second to the bcuutlfiu results 
*'( radium til keloids. The true or the false keloid which 
no surgeon dure* lo touch with a knife, yield* uniformly 
to the Irradiation by radium which indines a sort 
tlbnsds In the regular ami active cellular structure, 
from which Ibe n<eom|sjnylng Ibhlug awl tiurniiig 
s|s-e.llly vanish. 

Not tbe least tmiHartnlit role |ila)«s1 be radium Is 
in it« special lullneiice In causing retrograde ineta- 
loi-rtili.i-is hi hypertn.«phlc gtaiidulnr structures like 
thyroids, lymph ailenesiiM*. lyaiplM»arciviiirts, parotids, 
etc. This wlds-us the important field or usefulness. 1 
have treated half a hundred goiters of nil varieties by 
radium al. .in', and have seen complete disappearance In 
a few and checked tbe growth in many. The Weal treat- 



Nevertheless there Is a law proportion or 
liatients either not givatly annoyed, or unfit tor Mirg 
cry. where radium Is applicable 

Every physician reels the sense of 1 
confronted by advuaccd cancer of the 
with thorough surgical extirpation early return of lire 
dl»en-e b. well-nigh certain 1 have been Impressed by 
the temporary Improvement In many bad case* 
using milium alone and have now adopted the < 
extlnsltlon followed by radium Willi a degree of I 
lusc of some eases of long freedom where the 
tongue was first removed. Several years will be i 
sary lo M**nk of cure* 

It is diftVult to know where (o draw the putbologUwl 
tines on tutnnrs air<vted favorably by radium. It would 
ulmost mssii as ir all aberrant iril growtns ought to 
ir some are. but certainly at present It 
seems that the myeloid and round celled sarcoma* and 
all tumors or lymphoid type yield wholly or In part 
and that basali-clled. but not ssiuamous-celled growths 
are couabtreiitly cur-ilde. Toie.lt snrcoiuas. sisjie gibe 
mns, pharyng.nl lossrilasius nil jb-ld s..me .-iisisi to lbs 
cnslir of radium. II Is far lis. curl) to classify tin- 
types. 

It U fair to say In conclusion thill, stripped of all 
extravagant claims, radium Is an asset of permanent 
value to surgery In the treatment of those diseases, some 
of (beta Justly culled miiUcnani, which 1 have beret. c 
fore defined. In tbe graver form of cancer, which baa 
so long batted us all. scone definite progress has been 
made aa described:, but hard research work must yet be 
done before someone nuts his dturer an the weak spot 
in It* method of use. 

r. let me add that one must pardon the Mats 
oulburst or enthusiasm from those woo are be- 
ginning the use or radium and are startled by Its reve- 
lations. These are more than offset by tbe on'axlonal 
tirade* against It either by those who have never used 

[loth these are natural as they are negligible They do 
not affect the real truth that as an agent ror tbe relief 
of human suffering radium has proved to be « 1 
or unique value In the surgeon's I 




The Accurate Measurement of Hydraulic 
fV ensures 

Tnr National Murean ot Standards al Washington, 
n O.. has recently Installed an Instrument for aceu 
rately measuring hydraulic pressures up to 4.0U0 



to tbe supply lank, and the oil I* kept at a definite level obtained by letting on any of th» weights la equivalent 
lu thl* tank and gives a uniform Initial hydraulic n» to (he weight divided by the area of a 2 H inch drew, 
tbe apparatus. and In the aisparntiia as constructed the throe Wrlghta 

■ supplied by the two-plunger shown each weigh l^f-'7.l pounds and so give a pres- 
sure ot exactly 230 pounds 1st square Inch on Ibe 




niatk-slly lu the II 
of action. 

The principle of Ibis iiwclilne U > 
••rr.»by" gagv tester, thnt Is, a known weight resting 
on liquid through n known diameter or plunger will pro 
iluce u known pnwiiro per squnre Inch, neglecting the 
Mellon or the plunger In the cylinder. This friction Is 
■ cry greatly reduced by routing Ibe plunger, and In 
this lustrumenl all danger <•{ sticking under pressure is 
method iV-erllssI and patented by A- 
al years ago or providing the plunger 
al groove 

atus colislsis essentially or a cylinder and 
a piston rod pro* Mod with two plungers which lit this 
cvtltider near Its upper and lower ends. This rod cur 
rlcs a head, which In turn carries * tube to which la 
attached n platr.'rm which carries three annular 
vvHght« and by lowering this platrorm tb.~e weights 
can Ik. Mlccesslvelv placed ..n the tube snd thus their 
weigh! tmiisferml tn the piston rod. The space around 
the pIstMii rod. L-in.s-11 the plungers, is connected with 
the linkage ov -»-ro level" lank through n |>lpe pro 
e .1. and all leakage by the uptHT 
r also goes In this tank through tbe ovarflnw pipe 




The hydraulic pressure Is ! 




litsgrammatlc view of instrument. Illustrating 

I of I 



pump at the right, the 

In use. If pressure less than 1.0UU 
Inch Is desired, the valve S Is ocsmed and the valve A 
U closed. In which case the hydraulic pressure operates 
on the whole area ot the large plunger and the pressure 



liquid, or a total of T50 pounds; the other MO pounds 
being obtained by other menus, as dcncTib.sl later. 

If higher pressure Is desired, the valve « Is closed 
and valve -t n{s-ncd, in which case the weights are ear. 
rind entirely by the liquid under Ibe smnller plunger, 
and as this plunger has exactly one halt the diameter 
of the large plunger. Ibe pressure will lie exactly four 
tiroes as much, or 1.000 [ssatsls |«r ~)U*re Inch for 
each weight. To give sntKUvlslon of these loads and 00 

merit Is employisi. 

Two U|)rtghU at the left of Ibe weights carry u lever 
through an "Emerv" plate fulcrum, arsl (lie noise 
weights at the right can be lowered onto their pint- 
forms as desired, and their weight Is curried to th» 
plunger through a central stem, nil the parts receiving 
A slide weight gives 
of loads and tbe large weight 
bulaDces the lever system and the id-t-'ii roil. etc.. so 
thnt when both tbe valves I and ft nr. o|en th. 
Bjsteni Is balanced with no load on the liquid. 
Ity the use of these three s„r B „f i 
within tbe limit of tbe i 
obtained tn within one hundredth of a pound t 
Inch, and careful teats show ihnt the eppuratu-. Is troth 
accurate sad wtudtl.e to that amount, 
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l*t tin consider the iiiiinn of khim> of tH*» more jiroral- 
it.nt <if it***- rare clement* which reaenrcn haa IntTo- 



• HmA Mum the FranUlo trmlwiw and iiubttabMl 
J,^'%Ai ut the InMltuihm 




dured Int ti the metallurgy of Iron and atnel. and review 
t-rtrHv what ha* t*rn animplUliMl tijr their nld. rhm 
ml urn. tungMtra, rnnadlum. molyt Mien urn. tltautum, n> 
bait, tantalum theac nirr element* have now their 
well rreoinilw-*! place In thr rommrrrta) exploitation of 
h| re to, Strrfts containing, ctiuimrntlvi-ly ^waking, 
niilj very »nniM i|im nlltlr** i>f tbew rlemeuln art* made 
Into tooln which ptwHOMi *« walled aOf hardening priip. 
ertle*. and are known an "highspeed*' toola. With *ueh 
i.n>1« an tbcae. eiiunnoo* chip* run l>c nil al high apred 
lu heuvj lathe and machine work. In many caara the 
h»»l* run la* uaed w1tlii«iit oil and the chip Had tool can 
-a My 1h> allowed m run almoat red )io4 without damage 
tn tool of voftt, Think of thr etimiomle** lb laUir ami 
fii.tr lutnalucect hy *nch a wtoaderfol pro|a<rt> ih thU 
llim- ran thr Influence than exert**! hy the**e rnre ele- 
ment* br explained? Ilrrkcr tell* 

-Curbon *teel, a* heretofore uaed In tool*, no mutter 
Imw well burdened, ha* not enough tiaaghDc** and hnrd 
■ikw to uMliHtniul thr niMdug of (br chip for a,uy tun- 
xldrrahlr length of time. even when not run fast enough 
tu affect the temper Tlir tool therefore dull*: it ml thl* 
dulling prorrrd* In a aort gjf geometrical ratln n* tbr 
M IWtktr. tnr. eH„ |i a. 



cut till* apeed iBcrcaac*. tadug augmented br tbr draw 
log of the temper which arcotniwntat rapid rutting. Tlir 
h|wi| In all metal cutting; operation* lia« therefore bad 
to br compare tl rely alow, no matter how powerful 
tnlcbt be the machine* In urn*, Thlrt> fret of chip per 
initiate, am hiij lUHchlnlef know*, haa been eofialdered 
rather goial work ; while M frri i*r nlnnte nan t>een 
vrry uiuntual. I'ndrr ordinary cirnuu«tii»ci>N tbr mat* 
acement of a ahnn nan pretty well *atUHi><l If the inn 
chine tool* could mnbitaln an avernce »\vni of at to 1T» 
feet i»t minute. 

"Such delUwnilloii. HHM r> thoQkii It ban tteen. t* 
de|irea*<liiR In thl» era. A crer|4i)ii ibmhh «f metal turn 
Ing Wnureljr rmn-d nin1 hnunl. or nt*»liiic hack ami 
forth, a* ha* been eiiatanutry In the average wimp, U 
quite out of harmony with the iimdern ajtlrlt of rxjie- 
dltlon and harry. Unt while a few dreamed i>f the po«- 
4b1Htlm of cutting metal, midc time In the future, with 
•*iruci hinr. of the rim with which wuod eiia l»e cut ; and 
while machines had hern deTelojird m* tremesidoa*ly a* 
to leave Kcarccly anythlnic tn tie dewlrcd lu that re«iMi>t. 
(•••vrrthelewt the ultimate limit aeeme<1 to hare l»rrii 
rcwfaMU 

■ »ut It had last." 



Kig. 0. — Vanadium ateel ■ » w hlrh * «h kept 
r»llrd far four year* and when unatranned came 
•ut almmil atraighl. 





Kig. . r ». — The vanadium mines at Minna Kagra. near the harkhone 

Of the Andra, 



Plf. 6.— 'I he Meiga Itailroad leading up to the vanadium mine*. 





Kig. II.- \n lugot wplilting aaw at work. Aa the i«go4« meaavrr 
IS inchr- hy 20 iarhe* ar more in rroaa-aertinn. thl* marhlne ia very 
large and powerful 



Klg. 17 — Illustration taken after eleven months eipoaarr in the bos 
teat, »howing the failure of one type of aheet metal in competition 
• Ith olhtra. 
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In the review of tbe kpcclal canatituente of iteel. It 
wan pointed out that certain extraordinary change* In 
Die chnrarter of ordinary earunn ateela lake place, due 
to tiFHt trenlmetit lliriiur.il ami uuout certain well tie- 
llnnrt fjin.nl iHillltn. Tlie i-arlmo Irmi dlliKram aeloata 
that Hie hnnl eoiialUiiefila of ateel am auateull* and 
martetwlte. Ihii If ateeiu In whirl) thea* constituent* have 



been itxcd by 'tunnelling and tempering are then an- 
In-tiled tty liljth or rtrnliMigcd heating, tbnae cnnatlrurnt* 
t'tvals dowu Into the aofter nearltte. Iter Iter aceounta 
for I be llinrielice of tbeae rare element* aa follow* 1 

"flinipitdi ida final aa a atrnoB alwtmcttoo to all tbe 
Mletw in the change from aaeteriltc to imtrlite, uu that 



If we have 7 in-r 



•O-TaTBeiker. toe. ml., o. to. 



.. ... . r>.„ t „ r a 

modi-ratelr rapid eoallnr. eren '<"v«i« prewmt, . 

to eool In the air. w m «» mowing «h* 'wr 

Indeed, when lui 1JrM ,«.„ ^ku ar». , (<> pr-rllie. 

IwarUte atage ItgYiductMI. It 1. n«c~l' ' M ' »«■»«• l.id Hll.l the 
aball be very Mow/ i„cj«vi. oee,, r , v 7" ,)r """ ">•* '"""ling 
loos aa tbe anneal I ii*r of normal ~ " """'era I tlrnfn „„ 

'''•••ban nt,.,!,. 





Fig. 7. — A (roup of tlaaaaa ready lo tranaport tbe vanadium ore 
from tbe mine* lo Ibe railroad. 



Fig. 1.1. — A longitudinal aertion of an caperimralal ingot, ahowiag 
aa eitremr and dangerous form of piping. 




Fig. 12. — A longitudinal aection of a piped ingot, ahowing great denaity 
and freedom from blowbolea in the body of the nvetaL 




Fig. 11. — Longitudinal aeetion of an ingot, ahowing improvement 
brought about aa Ih* reaull of careful reaearcJi work. 





Fig. 15. — A view of the proving ground where full-ai>ed commercial 
•teel and iron aheeta are tented by the author for eorrnoion rebalance 
propertiea. 



Plf. ».— Longitudinal aection, ahowing an open or nponnty 
of a commercial Meet in rot 



conditio* 




m 




Pig. 16. — A to* form «f rorronion Urn. Hollow ml fco »« bu.li 



Fiir. 10. — CnMB'KrclioM, urm-M-,* an open or apong) roi.dlct.r-n mt a 
commercial atwl injrnt . 



Up 



out of loot aheeta tad Ibe* illed with cinder* or manure to "ecel crn t ^ 
correalon. 
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'Tungsten act*. «?coodlj. an a powerful fixing agent 
for mArtcnaitc. It bun beeu already shown (hat mar- 
teosltu 1* not stable In normal carboQ Mfrt even after 

uiofa I be Kept coot. Warming It up to tb* i 
Iter heat* change* the marttoislt* over to trooatlte, and 
If tbe boating he cnotlnucd, even the effective hardness 
or trooatlte In knrt long before tbe steel reaches a red 
beat The presence of 7 per < 
however, iwrwwt the stability of niariei*dle so I 
tbat the sled way be heated 
beats before I be tnarteMlte en 
Into trooellte or pear lite. 

"Red hardrssw I* the quality of harducss when at a 
rvd beat, aod tnflgntnn Imparts tbL* to steel under cer- 
tain conditio j*. for n tlnne at kwsL That 1* to any. we 
may cut with a tungsten steel at so rapid a rate that 
the point of a tool will reach that temperature where 
it almost begins to glow lu a dark room, and still tbo 
ru-vi will retail* Its hardness for many bnur*.** 



are an*e or lesa continually In motion. 
Ttte extraordinary thing? about raandlum Is that lean 
tlum tun tenths of 1 per pent of this clement Is all that 
l* tnotally neoe*aary |o confer upon steel thU wonderful 
new property of resistance to fatigue. It Is fortunats 
iloit this Ik so. fur the principal source of vanadium Is a 
viuiadtum sulphide ore which 1* painfully grubbed oat 
of the sides and peaks of tbe Peruvian Andes, about 
sixteen Iboufctnd feet above tbe level of the *ea. Fig, 5 
die vanadium mines at Mltitix Haunt near 1h« 
Ihm'VU.iu- of the Ande*. rig. ft show* the Molgs Kail- 
rosd lending part way up, constructed by t!nt Meigs, 
the well known American engineer. The ore la carried 
hi bug* i*i tlie I nick* of llamas to tbe sea eoast, and 
cteidnnLJi Miidcd In the Pittsburgh district, where It la 
mild*- Into ferro vanadium, an alloy -if Iron jdJ raua- 
•Hum. which. In I urn. I* u**d h> Ihe all..) steel unhera 
in Hit* iBiiiiuriirtiire of their special r.«np"*li]>*U3- It la 
jt curious iiMHiirtit that iIiIm rare material U> found only 
In the?*- itin'tireiitly tiiiH*eeKjdblr place* and then la car- 
rled upon tbe hacks of llamas (Pig. representing 
i be meet primitive form of transportation used ha cam' 
nii-ffw. (bid It ei ipteinl sen Ire bi tbe manufacture of 
i In- m<«*( fiklMbeil and developed means of IranupOTta- 
tluii, t-ucb dm in*' nusbom lDCi>iiiii|lve, antoni'ibUe, and 
aeroplane, pig. h slu.wx n viiuedlnm steel saw wblcb 
wits ke|4 cv-ltcd for four 
came out almost straight. 



Her of muUen Meel, uud It bus been claimed tbHt Its use 
In small uiianilllex produces ureal Improvement Li steel 
rails. The um- of ar.y element which claim* to aufe- 
euard life by tvdoclnp aerldeida due tn r*H breakage 
must tsr watebisl with lnt»-mst. t'obalt Is the latest r*- 
crutt to l*> eiilUted In the muklnc of blch spots! stools 
powienslnjt cs|jeeU)ly vn Inutile ehsracterUtlew As cobalt 
Is a l) 'produi't of tbe t'aDadlau nllrer mbien. an abuu 
datit Muppl) f^r this purpose In assured. 

Our time d"e« hot |*rmlt ds l.» dwell Joucer upou tbe 
wonderftil acbleveinent* of ro*enreb n« applied to uiet- 
iillurjo In tbo Held <if (brse snorlul alloy ntf-els. It h*K 
ticcn tbe spediil province at tbo writer to Investbeate 
that rrirhwi of Imn metnllarKT which ltns at the ntbnr 
extreme Thus fur we hare been mil In); diaciuudnic tbe 
Influence ujsMi Itv.m (.f carbon alone or together with tbe 
rarer all^vlint metsU In the miuiufactare of ordinArr 
Ht.*>lH, o eertnln group of element s |h always present as 
Impurities Some, of these Impurities are denlrable. 
ii Idle are pres**ut only Ikswum It has until very 

n^i-titly Im^ii fitimd pratf IciLh lnspc*sltile P. eliminate 
I bt ni Hi.- Inrre scale of operation made OeceMsan' by 
iHiNb-ni emueanic coodithMis T»urltig the iwrlod of met 
Hllntyv wbli-h |h <xmi|irUi'd Mitbln the l^^t eeiiltiry, meu 
biivi- tM-ffi iillve to the elTietM pn«lu<>ed In Irorj mid steel 
by rh.- f..)lt.«1nir eleiikraits which bar* often been re- 
ferred in a* the "Mi: Are" These are carbon, manga- 
nese. sul].bur phosphorus and silicon. Owing to n 
tNTTillar ciMiditlefi of affairs that hits arisen In the Iron 
Industry lu America . we have now tr> add another 
o.'tinrjoii eletre'tit of tmi^irlty. namely, copper, whb'h 
elianuoN the five" which Ihe ordinary Iron anuljst 
In rnlU-l m^.ii I.- defiTtnlitf, to Him "Idar «U " 

In iWfi the urlts-r, wbu was then ftuniKvd In tbe etti* 
diht <^f cert iila rf^tJireh worli In the r'tiHed Hluteo 
1^'pnrtiiit-rit <-f ALTM ultnre. was calleil wrtoi to make an 
in vi".llicntliii i>f the nlLeced e\lreroely rapid r* 'miMou 
i I ^U-r\ tvwv wir«. mid other foruw of st*el used lu a»rrt- 
nr.. \ft.-r * .-.nvful ^toily of nil the aviillsl.le 

-moo.- ,.f ii.f. -rniini. ii, l mi cit.ThM r^^trtli In 

utiii-y In the btlNxTuior.v, <-\bbiH-.< yiH<iiM-l to U* p-jlnru.c 
■ ' [•.[. lIv In 1h* dlreetloii tlut n $tvu\ Lin|>ruieu]ent In 
iiiuuy f.iruu <-r »lecl would be pr^ocxd If the Ave ordi- 



nary Imparl lies then considered could be redurod or 
poawMy completely eliminated As the rooolt of tbo 
po hi lest loo of these researches and tlwi*e of other work 
e« In tbe same Old, the electrolytic tbeorj- of oorro 

the explanatloo of the underlying gorernltiic princi- 
ples upon which the rusting of Iron and steel depends 
In spite of lu wonderful and useful qualities, ordlnnr> 



pure I 



of helot easily attacked, not only by tbe moisture and 
oxygen of the alr P but by all forms of acM action. The 
Hourcvs and ores of Iron aro all found In the hltchiy 
oxidised condition, and Iron is oob* won from tin* cum 
blnatloa by the expenditure of courmoiB quantities of 
enerso- Ones divorced from Its com bins tJ on with oxy- 
gen. It shows a tendency to again unite wtlh tbls ele- 
ment and thus return to lis m I able condition. Oue of 
tbe Interesting and Important flebbt for research, there- 
fuee, has been the study of tbU P iuletrry toward oxida- 
tion and (.» devise wa)s and meaoA of ovcrcamlng and. 



u»ed to produce Ihe wiwioVrfully toogb, an U fatigue 
steels which are grudnally supiikantlnx all types of ordi- 
nary carbon steels In cases where very strenuous eet- 
tioe bs to be rucouutcred, such, for biota uce, as In 



presence of tbe ordinary Impurities In Iron tends lo 
stimulate tbe action and to throw tbe corrosive a Hack 
particularly upon certain point* or nodes of an exposed 
surface, thereby producing tbat most dangwou* form of 
cor rod. xi, wblcb la known as pitting or tuberculatSoik. 

It has already been shown that when a wlutlon of 
salt In wntnr hi cooled toward tha freezlag point. It does 
not congml Into n bomoffenoous mass of salty Ice, but a 
certain selective action takes place, risnilting In a sepa- 
ration of the resulting crystals. Ice, and aalt. The same 
tendency exists when Impure naaanes of 
cool down lo the solidifying |sdal, -^orn 
crytdalllic out before others and ls»come segregated. 
Segregation Is one of the Important problem* that Ihe 
rnodoni research metallurgist Is called upon to study, 
for It presents dangrrs from many different points of 
rlew tf It Is allowed to take piece In an a neon trolled 
manner. If an Ingot is segregated, tbe finished product 
of the Ingot will be seKreipitcd and Is liable to breakage 
or lo corroatun damage, according to tbe nature of the 
product or Ihe biis! of service It t* 
If wgregatlon takes pIbc* as (he metal cool* and solidi- 
ties, (he gaae* which are entrained or illsMdvcd In ihe 
liquid hath cannot oscapo freely and therefore become 
entrained. produdDg an ojwn or spongy Incoc. spongy 
lnirots may be easier and less costly lo btcim down than 
thaw? which are solid and bi.moKrueou*. but there are, 
as Ibe writer can test If;, a number of lhiiteat and pro- 
greMNpe manufacturers who are working to Improve 
their Intent* at the exjieiw id* rery h1«h cost in tbe 
njutntennnce ..f etllclently o»|ulppod resenrch deport 
merits. lr stands to reason that one way of overcoming 

pure Iron lu which ihe re Is nothing dls 
solved which cam liosslbly segreitate. The solution of 
tbe problem of pnslncing such o pure Irufl on the InrK* 
scale of o|*tiiiUmi detnanded under the cor«dH1o*is of 
nl 

It Involved from 
doing of what contemi>oTary 
lurglcs) text twofcs staled It wsa 
ticwalble, at best unwise to do. 

The Kutxenaful acbleieuent of the results wblcb ure 
ikow obtained Iti the UMr.ufacture of pure Iron on the 
large scale of t>pen- hearth operation wn* not aecon* 
Plbuaed exee|it as tbe result of very costly and srrnn- 
uoii* research work in which determined men ba (ho 
olttce, the milt, and the research laboratory Joined farces 
with a common purpose und with loyal energy. The 
writer Is proud of the aim re he ha» In tbb work and of 
the uwtodatlotis he bss enjoyed with tbe group of men 
wIhi hate umde It fjsalble. 

"Where great Ntrenglh I* deinan.b^l, "f onurwo, pure 
Iron U iii«t xiiiiahte, l^n h:i(» iu*ny liitereMlmr pri>isTtlea 
which differentiate it from ordinary st.-els or alloy 
steels. liire Iron la very soft nod malleable, and Is 
cniKihtc of bcbie most esidly welded with tbe oxy- 
ii'vtyletie or oxy-bydrxijreii tlame. A strip of tills |nire 
Iron can be u*ed im solder P» Join two endit or laps of 
Hie same material, It mn easily be drawn Into wire. 
It* electrical nmflnetlTlty 1h 00 per cent better 1han 
.ordinary seft or mild steel- The comparative reslst- 
iiiicc of cojiper being taken as .«ie, that of coinniercially 
pure, so coiled Inj^it Iron Is Tt.'A, of cbarcoal Iron r«.4, of 
Norway Iron .Vs. of soft steel H. Kitf this reason, thU 
pure Iron can Is* and should tie substituted for siwl in 
the manufatiure of third rails In tbe elect riftca tk>n of 
mllwiivs Every aiivhu lo the elect den I res 1*1 acne nf 
the ei«Nd.i*i'>r U fitftiewMc Int.. Cisil nl the Indb r end ..f 
rtie >>>ti in. 

In fnrr, thin twr»- Iron gists nuiny lntere^rin; tow 



'Idom fsli« to give a good account of Itself, 
It has recently been claimed that ordinary steel al- 
loyed with a little copper, any about IK'JJ |wr cent, yields 

therefore, us good. If not better, than the purest Iron. 
I*. A. Lyon. at«akUig recently before this Institute,* 
voices this ophduu In the following words: 

"... (lie writer t>elleves that there Is more ev| 
deuce to warraid the I 
In proper amouut* In 
rather than that It does not, ox, as some rlulm. fcj 
reason of Its being an Impurity, promotes it." 

( am one of those who do not agree with this opdoioii. 
It must be plana to everyone that eren If ba some re 
spects. notably lu couf erring an udded resistance to aa 
Held test, tbe itfcscucc of a small quantity of copper b 
held to Improve the steel, itu adniissloa as a basis ef 
Npcclllcullon Iidroducw s grave danger. Copper no»q 
i b it Is-, and gv-iierslly Is iK.t. purt'ba*e<l by the manufac- 
turer for Uitrttdoctlon lulo steel, as It Is tnuct) «dmj>ler 
to employ a cbca|ier grwile of scrap as n material of 
manufacture, which cot tains the copper In the form ol 
machine wastes. It seems inevitable that behind tbe 
screen of Coppered steel speclBcatioa will lark the cheep 
-ogre gated metals that modern research la trying a>> 

segregation are the goal on which every proBrusalre 
inetallurglAt nun his eyes fixed, whether his special 
product hi Iron or steal 

Several recent lectures before this Institute have dls 
cuwwd the bearing and ImjHwtaoc* of the production of 
sound Ingots on the Iron and steel problem* of the day. 
You have heard of pliwd tiigvls on the one hand, and 
of Hp-.ngv. LO.rti-lioled In«ots on the other. Itetweeu 
the*- (wo awkward extremes tbe owiscienlluus steel- 
maker is struggling a* between Scylla ami OharybdlK 
To a limited extent, the metallurgist ha* the making of 
wund ingfXs under control, but much remain* yel to be 
learned in this respect. Fire or six different methods 
or experiments for meeting this difficulty have roeeidly 
boeu brouubt forward, but there Is no record that **y 
one «.f Ibem has as yet proved lta universal tpptica 



very great, at. nmy ivudlly la- recwtfblaed Modern I 
In big practice uxiislly weigh at least 5.000 potuida aad 
arc IS Inches by loctiew or more In crooeoccHoii ah<3 
5 or d feet lung. If we vary our ntetallnrgtcal practice, 
bow ure we to tell whether we have made any Improve- 
ment t The only sure way Is to saw a nniubcr nf ae- 
lectcd Ingot In two lougitudttuilly. and thus open to m 
speetloa and Mtuily the center of I be muss. Such opera 
tloji Is dlflleult. mIow, and costly, Tet It can be done, 
und tbo wrttnr Is fortunate In having under bis super- 
vision an Ingot -split ring mw ho powerful that It will 
cut In two one of these huge mantes In a few hours 
(rig. ill. Itlrccted by such Instruments of research a* 
tbbs progress is nt|s(L and great improvement Id qnal- 
tly, l«>tb an (o strength nod rust resistance, of product. 
U constantly belDg made. 

Tbe possesion of tbln luuot Hplltting mw has tuadr It 
possible to study cornxlon j.robVnw with special ref 
erenec to the interior condltlna u f (be original iugot 
After an ingot Is split and tut* tieen studied, It Is pes 
•dble to roll down sheer metal Into (he full commercial 
slses from tbe Ingot and then put tbe sheets out under 
atmospheric aud certain accelerated tost a. By this 
means It Is |<«alble to fullow up the prnbicmj In a more 
Intelligent manner than probably has ever boon done bo 
fore In the lllustrnlloii In Fig 15 a general view of 
the atmospheric cor row km proving grounds under the 
supervision of the author In nIh.wii, aud It includes 
of rull-sian "been, of ninny tyiics, menu 



U*il due lo Ilk s<-H klKWD lllid well Pix-Vfti nImW iiikI 
fv.'ft ru<tlng 'i nn 111 y The writer ban bad e,tio|«imti>.- 
Intkv !«tiL** r\po»ure tests of vurloui sorts uud klmU 
under bis observation fur a number of years, aud the 



Au Interesting test which has boon devUed, which 
although an m\-»4eralwl tent sliows some very extraor 
dliwry re*ultH 1k Mhmtmtefl In Pigs, id and 17. L*n:«- 
hollow-wnlled tmrs are msile of corrugated test Kheet> 
imllrsl side by >l.le ni. panels, and the hollow walls ar,- 
then oiled with either cinder* or ma nun-. Hy thU 
meitiis It is pcosllile to get rv»olts r« reaistancn to cor 
rotdoii, of ext*erimental materlab*. lu from six weeks to 
nix months whereas in or.linory ittmospherlc tests gen- 
erally several >esr* are necesmry befnre deCtslTc re- 
sults can Is* oblahicd, niMia wtiich any dnfloUe conclu- 
nIoiis can be built. 

In spite of the t ltruordlusry rigorous cnmpetitioti 
und difference of opinion In res]a*ct to tbe manufacture 
of corrosion rot si ant sheet ftH-fnl, It Is the tlcsdre> of the 
> come lit tb.- tmth »f the matter through (be 
of srlentlllc rcsmrrh. A few yours mnre of 
tiihj «.rt of Imt-oignllou work -h^ld fuinUb dopeixl 
jihle data U|msi which to hew c,>iietiisloii>. In the nkcsr> 
time, tbe various aiint^rx^uients nudn by spccUl In 



sit. .old Is- iijvi-pt.il .^.iv In tbe M'Mt In whtrh they an- 
mode thut .if u ilesln- t.. r.l,(,ifn the Urgn^t p.«v)l l. 
nuHTket for their own partleuUr tip* -.f pr.^luct. 
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ITonaMy no IWW of i 
Interesting or nior« I 
special alceli fur line In lb* utaiiufactiire of bigb-power 
electrical machinery. W* urn facing. If "tt have not 
entered, the age In which electricity will be the great 



■nctalluntlst luttt been unlck lo lespolid to the call of 
ihn electrical engineer and designer fur .pecUl types uf 
iron Mill .Uel to liirrv-.iM» the efficiency and lower the 
ousts or ilya.ni,* and transformer.. Tim* will no* per- 
mit me on thin ore. ■don to dlsnnw the contribution of 
metallurgy to this roost Important tine of pfiMrress. 
There Ih material chough connected wllh the subyert to 
call for u .cpsrnte uud »in«cliil fajts-r It I. liilei-enllng 
m li'rtc In passing, however, that It has been estimated. 



metallurgical lmproresnanU in 
■irouiibt about wltbln Ibe last few years or 
metallurgical research, re|Hrvsents a Having lo 
which would amount. If rapnlallx.il at 0 per cool, to 
njifiroxluiatel? *liOt)OjjU" In the experience of one emit 



money 



thin rial in 1m 

stand for tlitinaselves when they are vouched for by 
those wlio a ro familiar with tbo data Involved In wsk 
Ins Mirh calculations. No better argument than thin 
cni»ld he advanced to Justify the claim that modern 
scientific Invcstlgatore are continually making, namely, 
tbat properly irukled research work paya; that It b> not 
» lucre refinement or trimming no the edge of Industry, 
hut. mi the contrary. l» a buslne*. awl which should 
: or near the top of the column 



i*Tm£ thoLr?.''**'* « w "*««x, , 
>t«. more tho, 1Jcrit „„„ ,, «a hHo, c m p„,„l 

not .Hone the »-rv„nt „r t«. «e«*,„.,, »,.rk .„ 

ramify In cirrr ,|| r^.,,,,,, „ A ' ^"w. Iu r „„ u „ 

the uutcrUb. with wf.l,.,, Ihe '•> ofi.'.l|H.. n 

I'jr degradi,,,, tbem , n a^'?** Is otrvlnif It, 



, .„„,^ u ,„„,„ by nevkliiir to lojj.rov b <" It 

their iifudurtlou with Ouc regard lo " '*» iowUvi.Im nf 
llwy are iloriinnit lo mkj-vp. Wen/jri *" "' US °' > Je v t 
a nation In a nallnnni nisset which Ml) research «<.ric . 
and encouraged liy nil f/ie> people. °"M o>, iuiilci>,r ,, t " 
are only Juat lieiclmillig to nn!l Zo " <«* c.,ootr.v 
development almix thin line, Rome*!,, ° ia, l«'rti)in?„ *;* 
pllnbcil. Iiut. In cloning IIiIm I'UJs.r, I n '* * M " 1 '* Mr " "'V-ri^, 
.if ii »re»l inan recur in my inn'On,,., *' •'"•"•'"-.I 
wb»n so much to do:" ! ' 



Testing for Open Circuit* 

Simple Directions for Locating Troubles in a Motor 
By F. A. Amiclt 



Ax ncian circuit In the, field colla of a motor may pro 
doco Movcral different effects, depending noon the colwfll- 
tlcm under which li occurs and the type ot motor. If 
- rle, w.niiid, Oie motor cannot .Urt. for tbe flcl.J wllid- 
liU! Is lo «1« wllh tbe urmatore, as will It by 
rcferrlnc lo ¥\c 1. where the Held coll C la open at X 
ami uo cutreot can llow thruuirb the motor. 

In the nhuiit motor the Held aial arinatiite windings 
form lw» indctH'ndiMit clrcmll*; llierefore ao open circuit 
In the Ili M ci>U» will not lulermpt tbe current Sowiiw 
In the iiminturi'. lis. 2. In tbls type of machine a 
limak In the field circuit may produce any of the follow- 
ing* ctfeetK : Tbp motor. If not loaded, will start If the 
hrnsbi-s arc noi set at the ueuiral point. The dlrecllou 
ot rotutlon will dept-ln) uiwu the -vtllng of the bruebm, 
lint the motor will race and n|a\rk, and If an attempt Is 
uimU- to cut out all the Ktartlttc roslatanca. tho fiksea 
will blow, or tuti cimilt-lircaker will open and there la 
likely to be burnlnc lit the commutator and brnshes. If 
the uiachloe U loaiHil. It will not start, and If the sturt- 
Init rc-l<tau«* l« cut out. tbe fuses will be 
the bruxtnx »" on neutral, tbe non-blue will not start, 
but if th*-y are -riven a Imckwanl lend, the iinnalure 
will turn In the oftinidle dirtv-tloii, 

A simple methial of leHlbll 'or nil npen OW M whore a 



cult by otieulnc tbe armature counoctlon at tbe startlnc 
box. |dadn-t tbe arm oo the flrst contact, us before, and 
coliliecUIX a tamp across tbe Held connection oil the 
motor, as In Fbj, 4- If tbe lamp IbSQts. the field circuit 
nutsUle tbe motor ta rompMo. a» Indicated by Uw 
nrrov-beads. 

After It has been found that the brnak 1* In the Held 
winding. Inspect the connections between the field calls 
to see that none Is broken or loose. After these arc 
found to be In good condition, tbe defect Ire Held coll may 
be located aa abown In Fig. & Place tbe alarting-box 
arm on the first contact and conbect one terminal of 
tbe lest lamp to one of the fleM ternilibats of the motor i 
In this case F,. with tbe other lamp terminal make con- 
nection between colls A and H. a« Indicated by tbo 
dotted line- In tbls position tbo lamp will not llgbt, for 
the clrcntt Is open at X In coll C. Next connect tbe 
free lead of tbe lamp between colls H and C, also lndl< 
caled by the dotted Une; again. It silt not HgbL How 
ever, when connection Is made betwven colls C and O. 



mid suthleuly ih>velo|s< tionlde Is: I'lrst. disconnect the 
nnuiilul'*' i-nniiwtloii on the slartlnc box. as showu In 
I'l*. X llinl none tbe starting handle u]mn the llnd con- 
Uut. If tbe field circuit Ik complete when Hie arm Is 
nlinwcd to drop to the off |»«ltl--n or the nwltcb la 
npeiied. a severe at-ar* will occur at the contact ; If lb* 
Odd circuit U n(s-ii, there will be no apark- The break 
In the lb-Id circuit imy occur anywhere from tbe first 
cnolsct on the stnrtlng box around to tbe line connec- 
tion mi the motor. After determining tbat tbe Held cir- 
cuit la open, tt Is nisrssary to Hud out whether tbe break 



tl*» open coll has been brlifcetl 
light between colla H and c but wilt light between 
colls f and I), It shown that coll c la open-clrculiMl. 
Where a test lamp la not at luind. a pi see ot wire 
may be used to hrldgo one coll at a time, as shown 
In Fig. «. First, sbort clrcult one coll as Indicated by 
tbe dotted line at .4. then close and open the switch. If 
a Hfiark occurs wbeu tbe switch Is opened, tbe opeu coll 
has been bridled In this case, however, It dow not 
occur until coll r haa been abort circuited, as shown by 
tbe full lino. After tbe open coll haa tu»en located It 
should be disconnected and again tested through with a 
hump to be absolutely sure that It Is defective. 

Tbe open circuit often occurs where the loads sre con- 
nected to Ibe coll winding: this may be easily locntod 
mid repaired. After the coll has been aliened np It 
back of Hie a-dlees when., the coll con 
to tbe loads to make sure that the trouble U In 
too coll Itself. In many eases, especially where i 




are not wound on a nimmiI, use opcn-clrcult can be 
located sisl ri,|«lred without rewinding the coll. for If 
not found lit tike indnU uit-vttloned. It usually can be 
Hie oil Itself b) a burned spot oo tbe ln.il 
In I Ion canard by arcing when Ibe oil opened. 

Au o|ienclrcult In tbn shunt field of a rouipuund 
motor will have practically the soiiu* effect as lu the 
•bunt motor, excetit that the motor will uaually start 
whether boded or not, as the serte. Iteld will provide 
MUbclrnt tonitie to Mart under full load, but the ma- 
chine will uHtnliy race In either case. The break la the 
efannt field may be located In tbe -utue mannor n* 
described for the sbiuit machine All opeu-clrcuit In tile 
series dcM will cause the machine to fall to start In the 
-sinie nsy ns described fur tbn serin* motor In FU. 1. 

rladioartivil; of Mineral Waters 

Tiir. rudhsotliltj of mineral waters haa attracted 
umib iitteutbui ilurlng the Inst di-cadV'. and It Is now 
widely brlleviil that III* tllern|*'Utlt- value of many 
waters Is largely due to tbelr content of radio-active 
MUlt-diiitcr*. >'or mauy yrwrs the beneficial effects at- 
tending tbe use of <-rTtuin natural waters were attrib- 
ute,! to ibe ivjiniiKin mineral lugre-dleiita detenulneel by 
,-bemkal unalynK mid »e>ersl elaborate syaten 



liis,|i nVvUed for rlaindfylug sil-h 
of tbelr I'hemlcnl cvaniinsltlnn. Tbnugb many nsittirnl 
wntera unquestionably cause nhyslnloj--|e roartIon-4 bt> 
aiuie of tbelr great i-ootent of common mineral fluh- 
etames. a large pru|>ortlon of the well-known waters 
or tbe I'tiltetl 81.1m do not dUTer esscntUlly In coi>- 
cetitratloii and cotuposltbin from sujifilles of city water 
need dally by IIioumiiiuVi of people without apiiureut 
physiologic r«ntlis-i other than that following tbe use 
of water Itself. T-*t» bare Hbowu Hint many nf tluw 
slightly mlnrrnllacd water, have vnrb.aix <legTce» ot 
radHiactlrlty, mid conse«iuently, aa radium ooroponnds 
hai-e been found to ennso marked physiologic roactlisw, 
tbe improvement in health following soyoun. at «prl»a» 
turn very naturally tieen attributed to tl»c rndlotvcttve 
iwopertles of the waters. There are jet too ,cw 
uerunental data to .ettle this i-otnt «eflnlt««». *"* 
perhaps not out of place to call attention <° 
that In radkitberapy as In all other bran^* 1 *"" ^in 
<1oe the curative agent must bo pretsent 1,1 a 
Mtrengtb lu order to exert any benllug -" ,,,ar ? nn « tar 
Hunt mmt uf the radtotberaprutlc reBctlo"" '^^h,,. 
Iiivi-stlsatetl have been effected by me»» at tU of 
i-umpounds whose strengtb Is far icre-ater * '*' l » 1LV jU1 net 
nntural mineral water.. Thercforu nwnefss " ^ Mbea ,. 
be led Into making strong clalraH for tt»«- " _i,)vollt. 
,H-utlc value nf the waters of Ui<-lr Iw ,e tt. 

enreful Investigation of tho subJcH-t. -H- a ( * . ^ pitrk 
l/in/rul /fc^scr. o/ Ike Unite* Sfatcs, 3 l * J 
II l 24. 
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Quick Track Repair Methods <>T - 

Whxs a trolley track U to be r»-|mlred In •* f ">"- , 4l » 
nny olher conalderable work Is to t«o Jon*. " K" - *' ^. .or 
..f time I. bet. and tbe street Is nl.wt rncte.1 for a loru*? 
time than neeewnrj, by the alow present process * 
pulling op awl removing Ibe |m vcitwnt between • '»•»' 
trucks An up to date ibi'DumI of prmtsltifv /)«« t<t-«_-Ti 
ad,ipti.l In CWvi-Uod (hnl greatly fncllllateK the rttrfc 
and saves cojislderable tlnMt a. well. A sjieirial fhua \' \- 
n„t alccl plow, of suitable .hope, which. »1,|, ^ a p 
mill «,-lsli!llu wil'gba elei. n l,<iv Ih lisllb-d |i,- B fHivv,,.. 
fol -.•nice inr uud rapidly hrenk» »!' "li.l »(■.„ ^ 
Cl^nlle imvcmelit. and at flic mole Uuie nits ||„. t r 
lb, n>ds with this equipment n cr»<w of thro,, mn , t 

'-nil 
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A most important uhc ...f the gyro own*** l- ■*» sub- 
marine boat* which derire their power . uhen sub- 
merged, frtm storage battprhM, the voltage of which 
varies nt time* from as hleh a* 1W> volt* down to lia> 
volts at the mil of n long ran. An economical form of 
toltage regulator has l»eeu devised for sucto - r ■ l ■ - . 

The problem of accelerating and driving the heavy 
balance wheel i 11m- compass wheel weighs about lo 
I-.iimlv of »M klh«twmavea) «t n velocity of about 
Vim revolution* |*r minute required the design " r * 
H|*f«t'liil form of generator, throe phase current at 110 
v«dls Mng used. Tim characteristics of the generator 
ii I low of the wheW being thrown directly uimhi ttw- lliu- 
iiud hrouiiht up lo full automatically In about 

thirty minute* without attention on the part of the 
operator and wltinoii the use of enevsslYc TtTrrltf Thb 
machine, shown In the background of Fig, 10. baa a 
capacity of three ampere* per phase, but In ordinarily 
ruu under a lead of uu ampere. 

The 20- volt direct current dynaniotor ab>o shown In 
Fig. 10 b used In supplying energy to the wrm motor 
follow-up ay stem mid fur operating the secondary or 
repeater compass system. No special feature* of design 
were necessary other tbnn to meet tbe usual require 
utentN nn sldphunrd *m to commutation, rating, acres 
idblitty, etc. In lwftle»iiln t*|ut|sjuenls, t»uth of tbe 
above generating units are tirdlnarlly mi [-pi led In 
du plica to. 

An emergency direct current service I* provided hy 
i if eiiiplo> iii-rtl i| ii t( storage battery arhlrh b 

ke|it floating ii|Hin the line Ht all ttmeiL Thin provide* 
energy for iqs-ratliig the follow-up tout em of tbe cum 
pass whenever the whip's service bn« failed [luring 
such times iti. gyro wheel, on nmstmt of Its treat 
Inertia and ease of operation In vacuum, will remain 
spinning and will bItc ample directive power for an 
hour <>r more utter the ismcr ha* been shut off, so (hat 
the c«iu|«i«h |h rendered fully effective under nil such 
condition*. TblH eoiPttitute* a unique and extremely 
valuable feu tut.- of the Hperry cXMnpati*. 

An Indcpcnih-nt hIi-voU battery and anno bell ore 
employed to nollfy the attendant promptly of nny In- 
terruption of current or failure In operation of various 
|mrt« of tbe system which would 1h> likely to cause 
errors In Ibe cumpuwi reading*, so that the nmu muy 
lie <>irriH-ied wllltuut delay. A trip relny U provided 
which I ee|*< the Itell rlniclnic until the nttetoUnt baa 
corrected the difficulty and react tbe trip. 

A rererne CWIVM relay la neurlded for dhHMinnectlnR 
the direct current d)immoror from the itoruec battery* 
ami line upon failure, nr any nmlerliil reiluctiun In 
volliifc of tbe i*emtrator or &hlp> HU|w|y Hue, and for 
connect I mr the uenerntur In aealn wben rnltaue bun 
bta nul nred la normtil. ThU. of cnunu*. prerenta (lie 
rapid dlwrtiarce of the «tura|a* battery In driving tbe 
generator. 

K«jN»cl*lh tleMlj;i>Hl NWltelbeH and cuetrolllnaT apnn- 
ratmi are provided, which Incliitle h homII ami compact 
switch for throw-Inn: li.wh tlte roltmeter ami ammeter at 
once upon any one of a niuulier or different circuits or 
phasea, Thew *wltcbc* are of the mtary or Controller 
t7)ie and are Inrlooed In en* right cn»PM to pretetit 
■lauiter of expltmloiin when used In Nuhmnrlrw*. 

Tbe cyrt» mot<>r l*> of the three p ba ae Indndhm type, 
the w|iilrrel-on:e wofulary forming n rigid pari of Ibr 
Inner rim of the revolving wheel -t Ln I t.- 11. 

*m iicctmnt of tbe high np*ed of the rotation, wheel* 
have to be elven a very careful running Uilano-. which 

•Pant* read lie**** die A*»rrtr*n Inultule <rf Kk«nrh-*J 
KiiMhlorr* kttd pu»4lttit-t |n the pn«mtinvi at the Inultiile 
y.J x\. No a r> *T:i I'opyrV- ' MM I hy Anuvfcan I nil I tub- 
<rf Kli«-trtt7*l r*.ncluo r< 




I - iKvotupllMlkMl h> (lie HMe of vnrlooM *ilt> utinU 
thrt^ded Into holeu ut tbe iierlpbt<ry of the wheel on 
each hide. 

Tbe viator iilwo *bown lu 1'lg. II I* luoiiuted on one 
side "f the main vtu*num cnslikg cimtnlnlii£ the wbcel. 
A spiral line La | mi luted on tbe wheel whRlu when ob 
aerved through n wlmlow in the caxtug by mcaan uf a 
nt rolMjtH.Mipe, enable* one quickly to determine tbe -weed 
of rotation. 

The wervo motor <w follow-up k,vn|«>ui formn an iMpor- 
cn nt part of the gyro compuMM nnd nerfimna throe fnne- 
tloo*. of which tbe flr*t 1* to *hlrld Ibe gyro from alt 
external force* and frlcilou. Thl* Is accomplished hy 
ibe method of carrying the nipportlng tt lament, and all 
guiding bearings havlug to do with the acaaltirc etc 
menl. within an miter frame known ua the phantom 
• Klg 12 1. which complelel.v alilclda tbe demeut from 
mI dl-turMi \ti extel nal ' >" .■- 



■ft** 



Kig. 10. — Complete equipment far a gyro i 
inatallation on a battleship. 




Fig. II.— Rotor and alitor of the gyro motor. 




The Hiinpendorl ma*» of Ibe *enaltlre elemeut, which, 
Including the wheel cn*lng mid the rertlrnl aupporting 
ring, weighs nhout aercnty Ave pouuda. 1* by the attore 
mean* rendered actively sensitive to a force eou[o> »T 
1/4JSW Inch-pound, which re[»re«nil « a force of le*» 
tbnn one lour -millionth {dirt of Mm own weight actlnc 
lit a radltas of one fool. Tlilx degree of wimltlvenesw t* 
actually n»eaNurabk> In the iqierathai of tbe cvrapaK*. 
ulilcb la (bought to la* aouievrhat remarkable In thU 



A aecond function of the aurvo motor, which In tin* 
©to comiuiK* U kuowu a* the 'azimuth motor," la It* 
o]H.*ratc tbe tmimmltter fur Ncudlng out Indlcatlocm to 
any nuinU'r of repeater tMm|<a*ae* Ux-uted at dbttant 
pari* of the ahfp Hie mttln aslmutb acale of tbe 
com |« mp la hI>m» carried on tlte |>owerdrirni member. 

The third function of the ailtuiith motor la to uperate 
the correction device iter ire mentioned, wbkh by meaiiH 
of cataa aolvna n trigonometric equation involving tbo 
factor* of s j. ceil, bttitniie and beading of the ship, and 
autumatlcully Introduce* the proper cornet Ion Into the 
com pa us rendiuKs, wblcb lire therefore maintained accu- 
nttely u|khi the meridian, Klg. 1-1 show* tbe front <if 
the correction dovice and dials which are set ut the 
loroper speed and hatlttiile 

The axlmuth motor with Ita reiluctliMi soaring !« 
shown In Klg. It, and 1* provided with hall henrloK* 
throughout. An Inertia brake consisting of a MlMt 
wheel mounted nnd driven by friction on the armatnn* 
Hbafi serves In damp the <H*rl1lation* or hunting of the 
axlmutb motur. while offering no resistance to con 
tliiitoit* motion. 

Tbe secondary transmission system comprises a c*iiv 
tnct making transmitter a ml six-|sile tdefs-hy -Nlep motor 
cminected by three circuit* harliik' a ctimmou return 
wire. The transmitter i Klg. IG) 1* provided with three 
pairs of tungsten make and brent contact* which are 
o|s*rated b> cuius. Tbe c on *t motion of tbn rnmutter 
system la such that tbe motor muy be driven at xpoed* 
as high as 1,000 revolution* per minute, or 100 cycles 
Iter second, without getting out of step 

The repeater motor Is geared lo give six steps for 
each Indicated degree t» azimuth and the repeater com- 
pass Instantly follows all change* of (be master com- 
pass for every movement of lb* ship Tbe repeaters 
are provided with compaa* cards mndo of translucent 
material to i^rmlt of Illumination from within 

A manually operated transmitter, or synchroniser, 1m 
used for setting the distant repeater* Into agreement 
with tbe master coni|mK« Lu connection with a magnetic 
slim for each motor, hy inenrss of which the repeaters 
are first collected upon a common reading and then 
brought at once to read with the master wblcb la then 
thrown Into circuit. 

Tbe eicefitkiimlly line results obtalisHt with (he gyro 
cucupaw* here ilexrlls<d have fully Justified (he long and 
painstaking o(Tort» (bat hare tteen ex|>pniusd in lls> d»* 
sign nnd In the practical wUH|aaj of the many pmbleuiK 
met at various stages of Km development and In actual 
use nt sea. 

When subjected to the MH drnstlc test*, far grcarer 
In Mflflly than any actual conditions fouml on ablp 
Imnrd, tbe cumr<i*a nintlnnes to h>dd to Ibe roc rid Inn 
within a fraction uf a degree. In fact, every compwas 
twfore being MOtpftrt by our ci-verunienl luts to pa** 
through a serlto. of such tests lasting several week*, 
•luring which time tike minimum error must not exceed 
•j decree tu aiimuih when swung ctHitlniioiisly f«»r *lx 



l-ig. Aulamalk correction 

dial*. Selling 13 knots. 40 de- 
grees north latitude. 



K»g. i - ' .-in*. ■-. frame or 

"ttliaats>m" arranged In -hit-Id Ibe 
ilirei-life element fram external 
dist urhancea. 
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Vig. 14.— Aiimuth ni>lor lor 
drlviriK Ike phinton. 
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days at it Dm under conditions of roll Int. pitching, ami 
yawing of an artificial ship. 

It should, of conrse. be understood that uadar Kim Liar 
ennrtltlnto. i xi board a bHttie«hlp ur Bubmnrtne tbe mag- 
netic compass would lie aliaost, If not entirely, uaelena. 
Kvcn node* the bert nt condltloo*, navigation of a ateel 
slilp liy mamrtlc compAss entails a large amount of 




Fig. — Transmitter for operating secondary or 
repeater coaapaaaea. 

extra work with cixiKlderable UubUKj uf error In ap- 
plying variation mid deviation, correct lolia of rartouja 
umuuiilH, plus ur uilt.ua. With the gyro OHnpaiw de- 
Mrrfbed, nil reeding* are made exactly upon the me rid 
Ian and I be navigator U alwuy* nailing on trite counter 
The quick and accurate Indications of the compass for 
the slightest devhitluti ur yawing of the »blp hare en- 
abled much strniclitcr witraes to be steered, with n 
resulting waving In furl and Increased wi-eed. For In- 
tricate maneuvering In tattle practice, the ship may be 
controlled perfectly fmcfl vnrbma jientecicd steering 
Mrtitleic*. and the ttuir.nr comparts U completely sbleldod 
from the lire of the enemy and from tbe shock i>f guu 
fire. 

In submarine* the gyro cutntaM enable* an aenirnle 
oiurve to be bald when running robmcrged, an tbat 
after obtaining tbe bearing of the target from n gn'at 
distance tlie Butuntirluc may approach, submerged, to 
>. Illilu a abort dhtance and lire Km torpedoes accurately. 

From an Instrument having a degree of aenaltlTMiew 
I* forcv couplet, measured hy one- four tulHlonth part of 
Mi own weight It l» rather n long jump to cnnstdeT an- 
other type of gyro puwoeMsed of many tona of stored 
energy which may la? harnessed and made to work nut 
••city to hold a mammoth Kliip ugntiiMl rolling In high 
scaa, tint art unity to roll the ship for the purpose of 
sliding off n sand bar or booking through an lee flow. 

(Jyroa of H I- t>|>e have nlready been built. tested, 
and thoroughly Investigated, and a gyro of thirty 
Ii>iim weight, capable of exerting a force couple of over 
four million pound feet, la now tuider construction for 
stahlllxlug tbe steam«litp "Ashtabula." used as a car 
ferry on Like Brie. 

In two paper* read before the Inatltute of Naval 
Architects and Murine .engineers In November, 11M2, 
and December, 1D18, Mr. Slurry baa treated vary ably 
and comprehensively the subject of atahlllxtng ships, 
and Iul* made some striking compnrlaonat which abow 
but valoable contribution to the urt in tbe "active" type 
of gyro. In tlie taut pni-er referred (o are ahown char- 
acteristic rolling and damping curve* for ablpa equipped 
with active g>r\-» when Hiibjerted to various wave Im- 
pulse*, and frequencies. These nines, eome of which 
nre hern reproduced In Fig. 16, were obtained from * 
model ship pendulum, tbe dimensions of which were 
adjusted to correapond to a HMMRiton ship at the 
linear ratio of 1. &1 



The atnblllxuUuii la practically complete, aa lndlcatod 
by the enrvea In Fig J«V Knrly In this work obacrra- 
tluns were made Indicating that tbe stabilization was 
coniplete even when the ware Increment* received from 
the aea. were greater than tbe theoretical power of the 
gyrus mounted in the ablp. 

The work with Uie alahlltser baa shown that It la 
perfectly easy to Htablllse against all wave Increments 
received by tire ahlp from Ibe ku which are equal or 
lew thun th* HtJiblllxlJig rapacity of the gyro equipment. 
StaWU"tlun 1m m complete under these eoudltlomi tbat 
Interest In l&ia part of the perf orum uci* has been trans- 
ferred to iDvesittgutlona of tbe region where Uie wave 
liH-ri'moMaj oro acrually In •*kiN»« of tb** MaMltxlng 
capacity. 

Tbe curve* In Fig. It; are among tbe results obtained 
In this connection, and It will be seen by careful)} 
scrutinizing tbe cards tbat none of the curvea are taken 
where the wave Increments are not larger than lite rolj- 
•lueucblng Increment, and even under these condition* 
Hi* "tablllr.bin i- iinteiloill) complete for [irsciicaUy all 
the wave periods. 

I'nirtlcnl ilaca i<f great value were obtained from the 
construction of an active gyro plant which waa tested 
out repeatedly on tbe U. ». S. "Worden" during the 
summer of 1912. This plant waa the largest gyro In- 
sis Hat loo ever built ami dMndHted of two gyros wetith- 
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Fig. 17,- One of the lw» large gyroa of the l .S.S. 
"Worden" while under preliminary testa at the 
Navy Yard, New York. 

lug about three tona each which were operated actively 
by tine of a prvcewMlon engine 

Tbe gyroa were init-uuatkaUy controlled so that they 
respntuled Instantly to all wave Increments raeuunteml. 
whether in harmony with the period of tbe ship or not 

Klg. 17 shows one of tbe "WordcnV* gyrus bolted on 
a heavy base plate while under t<-«t tit Ibe Brooklyn 
Navy Yard. The base waa loaded with trig iron, which, 
with the load of the gyro *tnl prereaaloti engine, 
brought the total weight up to over thirty tons. The 
gyro very effectively demonstrated it* power hy actu- 
ally lifting this heavy load, tilting tlie whole base plate 
up on edge and rocking It back ami forth as tbe gyro 
was pecee-ward. 



*^£SZii*/5aej 



J *«£.T*"#rT,'. < ' 



Ay» out 



& v rv rtr —*e* 



wot* t<*tftmct*t* XH* 
Bwswc*« i g aajsaajMaaHj C4 



$f0tHigmm a»»ej a ^^f--- 

*4^tAt^**T+ * t » 1(4' 

ayaaamay tmrnatm to* cans tfaangafcaaj i 

ObencA-ng tncstm+rf(f6r M^vto** "-j#71 I 
* m ff »sw..i?*— ill 

/?</7w OMcjtf An 




D 



I 



•J 



[1 



» c * — Jssw-4L — 4 

(If. 16- — Cwm diawinc dabiliiinx cipacUj «f crn wk»» w»»« IncrrnrnU tn ri<«uiT«, 



The r»nll> prove cot, c , U!ll ^ 

or««,pe « ap„ll„, r „ fIle ^ ««„> UJW „f 

maU<m 1> of viully Kl,-„,^ r "/ « »Wp'. rolUo« 

ant othrr form of Tf tllTlMI lrt „" " "n-ncui,/ Uwn 




Klf. 18. — Th« prrrc«u«n t-njiin*-. 

c(«liC7 In itamuuHtraled by the Bctlon of carefully <mU-n 
im«l BcuJe ui'-li'ln and b nmplelcly verified by the 
liwg-ronflBUvd |«*rforuial»oe at sen of Uie ityro pUnt oo 
the -Worden." TIm» econuiu>' t, evident from a cnni- 
iwrlwin of tin' apnea and weight required In an luatul- 
lutluu of tbe netlra gyro relatlvo to that required b) 
tlie doni effective furm of water daaiplng taDka or 
other HtabllliliiK mcana 

Oareful vak'ulullutia whim that an active gyro planl 
for maliilltliig the atramablp "Aahtabula" will require 
l.io. than one triitb the simce and weight which would 
lie noeeaaary for «iulralent alablUaliig with the beat 
ilcalgned water prndirinm. 

The rcaulta further abow thai It la now poualMe to 
completely atalilllxe any ablp agalo*t rolling by Rieaiia 
of an aetlve gyrcMCope. requfciing a very anull per 
ii-iitage of the weight and space available In the ablp. 
Thin work haa n|«nrO op a wide Held of aarfuloeaa in 
M. . .t|.|.:i.nii >ii -.r ihe if) r>M-op ami ICh ,pi Ikatioi in 
IMwngiT viwU will tat watched with Interval. 



Pholo-EIcrtric and Pholo-Chemical Anion 

The exiaTlinetiiiil roanplellty of the reutttoca tie- 
tweeli the niliiilaT uf emitted elaetrona ami atlaauhttljjg 
radiation ntafcea advtnabln a wide baala for a theory of 
theac actlona. and an attempt la made by O. W. llleb- 
ardain. In a [«|a>r read before the American rhyulcal 
Society at Chicago, to develop auch a theory on the IhimU 
of the energy abstracted from radiation lu Ubcrution of 
an electron or alum, and since Ibe argument la unnf- 
fected by existence of change the term "atom" may be 
laketi to Include Ions and electrons. The fundamental 
equation obtained Involves tbe assumption, us yet not 
tested expetlmenlally, tbat the number of atoms eaalttnl 
by n given aiiKiunt of light is tbe same whether light 
Is or la not decomposed, without energy loss. Into Its 
spectral constituents, which Is tbe slmpUwt assumption 
consistent with iihKoelnetrlc evldencp that the number 
of emitted electrons Is simply profavrtlonal to the uvten- 
slly of light of dellutlc i- - ml rnin[HBdtU<i>. iMl vsrt«» 
great l.v for eiiual energies and for ill If event H sf»* 
It Is also assumed that: the dkstrlbaUon of " 
the radiation Is given by flanck's formula ; t ,int JTJJ 
chemical actloua are fundawnlally lnilepciv 1 *'' 11 ^ " 
tairature at low lenapenttures. aa Is Indicts*-* 8 " ' 

^iltrsvevie 

contrtb" 



experimental evidence, ami tbnt tbey ilo not 
the aetvind law of thcrmsslynamtcs ; that t lxo 



i-r«v 



of ««• 



the com 



tlon of the radiation to Umi mean Internal c 11 
emitted atoms, 1. e.. their kltiPtle energy 
ilenseil form, la negligible. o( tn e 

This last awmnsiitl.iu l< u very renl rcwtrU*' Im | v a>-- 
theory, which It makes esaeutlally n provlss 1 '*" a|om « 
since the whole nr the Internal energy of ' rp, L . fui>' 
might quite poaaibty arise froau the rndlatlon- * colicl**" 
dnmental equntUin Is then shown to lend to tl»•- , .,,1 
slon that *(>(_»■», where h la Plam-U's .■.>iu*«" 1 "- ' ^ 
♦ (■») la the men a energ>- which iwta atom. *~ 
under the Influence of tnoBochrotuntlc- radlntlo" or fr< 
■inanry y. has nomlred from the Imflfflan nt tM m*'^ 
mentof UherntloiL II la then turtli.T ;«l>owii flinl it™"" 
sbrtent scheme of relatlnns may be Truroed « fierTt».v 
equation may hold good nt all tcuipprafurc*. In com - 
lairing tlie scheme so formulatevl wllh exnorfoicn'. f f- 
must he remembered that the neglc'l Sat ji.-icf oJuyc^cV 
tiy electron reflection In Ibe electrical case, ami by 
responding atomic deSecllona In ulh^r types of pbo^t-,. 
ctwaleal action, although not affoctlu*" the eqnlllbrl,,, " 
valnea, will affect photoelectric results *-alltig. tJn , WJ " 
a slate of eqnlltbrlaB, hat with Iho rule or ealnui 
under a given Illumination.. 



"'"•.Ion 

y Google 



."ill 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2026 



October HI, |»u 



Nodon Electrical Process 

For Rapid Drying and Preservation of Wood 



rmxen techulonl Journals are Interested In the 
process Invented by Albert Nodon for the rapid drying 
..f wind by mean, of elcetrleal currents, which at the 
-nine time are » preservative and a destroyer of 

germs of whatever nature »bul may "* *nHmm ""' ' , " u,, 
Nislous llr«l rcseurrbos with reference to lumber date 
aa far buck u> UM "assa n,! da^acd • ,or 
■ageing" wood, but U Involved OaMUolM and cotrtly 
IHftWlltl* and proved to be not always practicable. He 
ban. during Ibe Intervening time, engaged In long and 
.-.refill rw-wrclies. and now* describes hla method, of 
which aa claim* Ha nelli* l» mtfM and certain. 

Tin- urIMi "f electricity upun wie*l he notes to be 
,rl[.le In character: chemical, physical, and aseptic. 
Tbe chemical action euaalata principally In til* complete 
ami rapid oxidation of resinous matter*, tbe physical 
ii.-lloii results In molecular changes In tbe celluloaa 
which nicHlIfy Ita mechanical propertloa ami t«id*ncy 

10 decuy. •blln the aseptic action conslsta of a complete 
and definite deslruclluu of all luiruvltcs and agents 
within II actuig for dbuwtailun. 

Wi»«l In a living substance mid Is prey lo deslruc- 
lite organeama. largely Inherent, a* suttu an II la felled 
l-reaerrtng pruceawa are therefore of greatest interest 
and ralne. Tlie problem Is complex, aud for that reli- 
ant- tint melhtsls uaually employed lire Incomplete anil 
In.uBlcleiK It l» neci-tiiry to n |Hr.«>»« lhat shall l» 
successful lhat It be simple and Inexpensive, aud ihnl 
It be procurable mil nuly In parninneiii anllla. but mm 
at the place of the lumber u H Wtt B I It should be 
finally applicable lo lap ami to lumber, nnlfi.nn In ll« 
action, nod abouM not be of a character to Interfere 
with drying lu lb« open air. It la claimed by Nodon 
lhat wood dried by hla proceta no longer shrinks and 
-wells wllll tln» wcatber and that Its strength la In no 
«m luijmlrisl but ■ D II..- —Iflt. 1- InnstnatJM m 
cruised by Urn operation. Ita Umllallou Is set al peeled 
log*, ex p*c tally If partly dried, for luetic no longer 
retain nUllcteilt toolsiuro to conduct tbe electric current 

/irtriny of Hood.- One of Or* moat Important Indus- 
I rln I nur-stlona with lumber is lla rapid drying. Aa the 
Industries consume ever loc reusing quantities of alock. 
aril the number of tree* n constantly diminishing, the 
result la llwl It cuu no lunger be kejit In the old fash- 
lotted way tUl It la properly dried. Tbe Industrlee cbafe 
at bobllng Idle the rapltal necessary for such vaat 
.pieutLtto* of material, and kiln drying has therefore 
pretty generally replaced tbe natural method 

rufortunalely kiln drying has Its defects The ilea 
Icratloo la often only auprroctal and tbe wood after 
ward absorbs moisture with avidity when It has lue 
opportunity. Tbe preaelice of the sn|> "fit— Itself lo 
kiln drying, and method* of grtllug around this dlm- 
enlty by steam at high temperature and pressure are 
nut very satisfactory. Such a process, moreover. Is no 
injury lo tbe lumber, and affects Ita life, strength, 
ami durability, I'nder the bent and moisture tbe cellu- 
lose- and Ita derivatives begin a chance Into dextrine 
nud glucose. There Is truly M isun|>arlson belviccn the 
kiln dried lai the naturally dried stix-k. aud lu oddl 
Hun Hie Injury that baste causes Is al the further mat 
of ci|e.h»lvc heuttug plants and continually Increasing 
nrlM of fuel. All Ibeae factors have Jtotherl In raising 
Hie pitta of lumtaT 

NialiKilaatlon. M the contrary, secures In a very abort 
Una' the oxidation of tbe sap which wiwld be amnn- 
ajfatafd a]na| |, In tbe air. and II limngca various mule 
rials wllhiii the w..«l Inlu reelna. 'tbe oxldlaable 
.Kilent of the sap has great hy«r.™-ii|ilc iinalltles. and 

when I • .-.I lu Ibo kiln n nn4stim- when it run. tint 

transf.iriussl Into resins It thU an- if. if rather 

thirst. It Is surb mflmstsM H>at Irtveo to tbe uatural 
l.r.sess of drying II- eilih-iit advanlagew- Hut In thick 
bigs or lumber the process Is eicvedlngly abisr. 'Hie 
etentical current Is able lo an-iaai|i|lidi lu a short time 

11 a- irk lie ■ re eolaldi'le and uniform than wouM years 
of o|a-n nlr drying. Nislooltiillou Is a pruceas In which 
eks-tiielty acts on Ibe aap and |Wls the ttunlar Into a 
ciHllilun where a sbuel xi|.|ik-uu-ntary oulil..,r ex- 
l«,-uri. a III dry It lliorialghly. while logs felle.1 at Ibe 
mm Umm but IM treale.l will yet be hardly dry in 
their surlsi-es Kveti In lr«vs that bave been cut for 
some rtiiMilhn tbe electricity will aecure results If iKily 
there le retiiluol sutbcletit moliture to Insure isiiiduc. 
Iba-i. Trees may ta> treated Inimedlnlely after cut- 
ling anil Iberetiy tn> protectevl from any lamslhle de 

lerioeailoa. 

rrcioiwrioa of Hood.— A (sari of the process that Is 
set forth by Nodoa Is thai the current completely and 
rapidly oildlies and tutna Into rnalus many of the 
• (Yam Lt I, (si. CM 



materials In tbe wood such aa albumlnolda. gelatins, 
glttcoeee, aud tannlna. At tbe aame time tbe current 
has a microbicidal effect on all living evrms thai the 
green woes) liwloue*, which are unllnartly the cause of 
tbe rapid di-sl ruction when tbe wissl U llnally exiMHsstl 
to air and moisture. There are ninny in.vu. u-> of fer. 
meut und deatruetleai within tbe wmal cella- atnrebns, 
sugars, diastases, etc.. besides protelds, alhumluolda. 
and nitrates, which are easily changed. The process of 
decay la outllued by .\ialon. wbo notes, in addition, that 
there are yeasts. nioKses, and fungi that bear their part 
In Ibe deatructloo of the wood. Tbe tree has In it 

while living tb i*o« of Its future decay, and as soon 

as Ira vitality Is weakened these begin tu act, es(*etnlly 
lu tbe presence of heat and humidity. 

Nodim'a process, be claims, destroys all the genus ami 
tsirasites. large like some of the fungi or rali-riaicople 




Fig. 1. — INle of timber ready for the Nodoa 
process. Cylinder at left, a ma I -elect rode 
rolled for carrying. 

in size like the bacteria, which are already in tbe lum 
her. while it so transforms the material of the wood as 
to make It resistant to decay-germs from the outside. 
Treated wood likewise resists the attack of Insect 
destroyers which do mil here find their suitable 
cmirniiuietif. 

HmrtU-ml .IspnYulion of Ike KtrclricQl Prorese. — The 
method of Nodon Is llluatrnlett In Pigs. 1 and J. Horn 
diagrams show the method of piling wissl In layers 
M-immtis) by mat-clectrodcs. which afford a means for 
tbe application of tbe current. Kucb mats, the section 
of which is idnnvu In Fig. 2. are flexible and may tie 
rolled lulo a cylinder nt»>ut a stick after the fashion of 
ordinary tnwae ruga. Fig. I show* to the left a mat 
. ie.-ii.Hte Hum n.:i..i Tlii' mala are made up of a 
flexible web of galvnulxed Iron between two thick Jute 




Fig. 2. — rile of lumber ready for treat meat. 
Below, section of mat -elect rode. 

B, vwltch baa; A, A', u*st> oiuuivtiU with allvmats last 
i-UkUuAVs. It ; r. laiuts-r : st, 0. it Mr awl 1 1 wen ; I, I. yste 

nam) 

cttverlngs. Tliey are gtssl ctsTidiictors of electrbily 
when wet and are spread la* woen the layers of luiuls-r 
When Ibe drying process 1* cimitiu-tcd In a factiyry 
or lull! II Is easy to arrange ■ platform on which lu lay 
the llrst mat, then comes a luyer of green wood, dimen- 
sion stuff, planks, girders. Joists, and the like. The (die 
Is l-iilll up of alteninte mats and layers of w.ssl until 
It Is from three to live feet In height, the mats Mug 
well moistened. Alteriutle nulls are isiuihsIihI to up|s>- 
slle pout., atsl the [inss-vs ls>kiuA. The current will 
ilis'ii traverse Indlvldnally the layers of w.s.l and Ihe 
ns.l>taiu-e wilt lie the mlnlmuiu. The electricity pauses 
through the wood In the dtreetbin of Its smallest 
dlmeuslon, 

Tbe conductivity of the lumber la very different, ac- 
cording to Ibe kind of wood. Its ihtcsnesa. Ihe degree 



of humidity, und the season when 11 was felled. The 
resistance may vary from « lo 30 ohms per cubic meter 
tone cubic meter — ".1 cubic feet), and to drculaie i 
current of 0 In I ampere* through a cubic meter of 
wish! In Hie form is! Joists, an electromotive force of 
from ;to to Psi volts will be necessary. Tbe rradatapja 
of a pile of lumber thus puiccd remains conwsm 
through a treatment. 

Au alternating current should be used by prefrretir- 
IU to 00 cycles at 110 lo l.n volts Is suitable, allliuug) 
it la belter to use a lower frequency, 10 to 23 cycles, 
ii ltd a lower Tlllrltl It Is. of course, practicable lo ad 
Juki Hie H.. mni-tlie force by meaua of resistance u 
fca poawlbby to may tbe direct current, hut at a ilisadvan 
lugii, for It prtslucc* eloclrolysls Hint destroys the matt. 
Such a current of llu volts la suit utile nut It La nece* 
sary to reverse II by hand from time to time. 

Treatment In the forest Is effected with great adian- 
luge when the wood la In tbe sap In tbe summer, fur 
then IE presents lla maximum of vitality for Industrial 
purpose*, and It Is also tbe ariiwt favorable season fur 
drying In the natural way. Piles of wood with their 
mats can 1*- ilb.Ls**si at the place of felling, and the 
treatment tuny tat continued day ami nlgbt. When the 
treatment Is finished Hut lumber may Is? piled In suit 
able place* neur by. mid the drying cnmpleftsl naturally 
noil In the siwce of a few week*. Trent instil In the 
woods Ja economical since power Is cheap, and the great 
eaatj of translate! tug sap and waste are avoided. The 
lime of treatment varies from one lo two full days, 
secordlng to tbe nature of the wissl and tbe results ue 
sired. Wood, If treated too rapidly, deveiopa cracks 
and llawa, although Its strength la tbe aame aa with Ike 
slower pruceas. The treatment varies also, amirulnr 
to tbe purpose of the wissl. It being dralrable to rega- 
in l o the current to from -I to 5 amperca for ihe arts 
like cabinet work, furniture or Uuuvh, while when U h 
fisr rougher uses like girders and Julsts, paving meets, 
or railway lies, tbe current may readily attain ill 
amperes. 

The total current lhat a cubic meter of wood abould 
n-cctve should 1st about lOtl n rapere-boors. It males 
little difference If the operatliari Is Mis|a*nded at nlgbt, 
It being aimply neecsanry to keep the mats wet, «o that 
Ik* resistance of tbe wood will not Increase. Wissl In 
tbe sap does not require above -Kl volts, but logs In tin- 
luirk may need from My to 100 volts. 

ftult,— Tbe cost of a plant of this kind la merely 
that of the mats ami of the electrical plant and run 
ulng. The prim of mala Is Low, about so cents <four 
francsl a auuare meter, ami for muts enough lo treat 
a cubic meter of wood a day about IS. The mats will 
last a year If properly cared for. The depreciation is 
therefore about two cents a day per cubic meter of 
-.- 1 

t'lHBinarbwcis made by Notion of costs In the factory 
ami Ihe forest are given, the latter helug much ihe 
smaller since there la lest to |Slv for fuel, tot handling, 
and for trnnaponatbin. 



rotasr. 

i-arreat. a ulnwatts at 1.2 cahta.... 

Ilabdllux suit trsntpnrlartov 
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rsirtist. 
i srrt^it. & kilowatts at S Orals, 
llststllsx sail trantportalliie .. 
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With reference to luduatrtnl u|«il1catlons. Nodon gives 
wuiie lissjj fact-i. Wisal so pn lairetl Is useful in the 
ordinary ways of building. Iliindi, furniture, abltst, rail 
ways, ilea, imvlng. etc. In France there Is much Imlta 
linn mahogany. It arrives from Africa In a few days 
after cutting lu men I logs tilled wllb aap,. and Ibe 
treatment of live*., in the kiln has not been very sue 
issoifuL Wood anafasj has bren little usetl In tbe coun- 
try on account of the hlgli cost compared with dura- 
Idlliy. Itordeaux has msjiroved ibe Nodonlaetl nxerr 
metils, and Paris Is now testing Ibetn tu aoose afreet • 
of Important Irafbe. It U well, according to N.slou. M 
treat the lailiig blis-ks while worm lu a bath of waler 
assays Houor like creosole or tar and lo cover them Willi 
ii protecting layer. This will keep Ihe pores cloned, fur 
even with Us advantages Hie Niutonlzed wood |> „.t 
sliusr 

If |»»ts«« fisr pre-riliiv wissls are to be ado|a.,l 
they must ta> forced on the producer by tbe timaunier. 
as Ihe limber owners prefer (.resent high price* wtthnut 
rrgard to Ihe requirement* of the future. 
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Sup** healera on Locomotive* 

It Mat bo mid that, with pnmlbly th* exception of the 
Glasgow ami South-Western Railway, there is not a »ngl« 
rm port Ant railway m the Drit)«h ides that In nut now 
iikiqk «ujKrhr*tfr« for toeuraotu* work, ft truly remark- 
able in? taw* of th* rapid adoption by |.*n>mntive einrin- 
**rs of prognusire ideas, toning thikt or»ly n few years 
ago ^" *tipvrheater wu practically unknown »>n tb« 
nil way. 

Hritish pt*gm«vr>*, however, an- mil ah me in thu* 
*|W'*dtl>* ntcitgnizimr a ito-k. thing. (If that fact tlwrv 
nas ample evidence at the recent I'ani mectirur of the 
Institution of Mechanical Kiiinmvn. particularly m tho 
paper by IVofentor Kdouard Savage <■<« "Ucrent De- 
v<'lu|)iin-iii i»f Kxpnn* l>MH)aioitv»* in Krjti/-<\'" Aeeord- 
iniT to the prvdWiw, nith the except*,,, of *t»im» At Untie 
type locomotive* -which aw not Ltk**l>' to I*' reproduced, 
by the way— nil vag^nm b*jill fiw npn-w work in Fran*:* 
during tdti naat ib^ade art- »ix-eiKipled. bring nlliw t«i- 
wheoh-n, i4-*'j> or hw-ilb-* (-MWi. On Ihw tfuperhoat«l 
.ileum i» lanMv *«h * * exm-ptmo*. th* Sfthmidt 
Knndard superhoster being th*- type gan*ndly adopted 

With rt-ctiril tit tin* mcn«ni« um< trf superheater*, 
l*tstf««iMir Naovu*?e inak*« the intcreattiur comnn-nl that 
owing to the large >uW*« i,*-r>«*firy f ■ r»«*ftv»» lb* 1 rtiper- 
In-ating pipe*, it frequently happen* when « Mincrhrotcr 
u lliNd to a locomotive toiler that th* proper lu-atine 
iw vaporising surf***- it croatly curtailed; in fa«'l. In many 
en«vn** the total iif the li^kOuie awl Hiipcriiea'lng mirfnee 
i* tnw than the hs-ating surface that night have been 

I Willi 



Without superheater* the beating «rfaee equal- 72 
to 77 time* Uif irrut* area in engine* having narrow flre- 
huxes. and fill to l& time* in On- i'HM< of a lib 1 lire-box *-4. 
With auDrrhcater** th* ratio of projier heatuur aurfnec to 
tjrate area i* as low u !m*5, ami dors not exceed 00 Al- 
th*»uif|i tiit- n^ultJf in wrviw art- (rood In all onm* «r 
xtt|MTh*atuiff, tlii-« lar«*i rvdtt^tlon of hiffttiiur -i-rvi^* *-an 
hardly he rv«rar<ti<d an rntirvly K*U^f ar-Viry , 

No tfiffii-ulty if> reported to arti* from tlw u*c of tupor- 
h«tat«T5. Th*y on? found to be nanly kept in order, and 
voivM ami pUtoiw, wben properly lubrit«t*d with »o 
ffhr-wmt i>il. do not flv* m*tik i?t undut* w»*r *v*n with 
a high Hipt rbwit up U> a40d^. (* 

Kxccpt in thv cose of oon FVioieh company, alt rninnnt 
for ucpma «-r>iee have four cylindt-r*, with a larir«< 1*0- 
portion of roDipoundK, In a f«-w pw« xlniiilr i-xp*H)>ion, 
in four^ual i-ytfmiw*, w u*m|. but itn PAmiMuml vyatpm 
aplM^HT* alir«nluv t*» U' jus^rnii. Tbr one cxreption 



of th 



Midi llailwuy f»>r i*x[irv** 
with only Lwu fyllndt rx and 
Of <-»^ii>if, simple I'ligimti on 



lb«. four 



is th' r*K*«it buildtnir 
|Kirpo«**, i>f riiinplt* encui 

Untni,' WIlH-rlli'MUll HlfUtlt 

uned for flint 

Wlifii HiijMfrhvatcnt have bt<?n abided 
i-ylii^lor tMinipoundN, tin* dkm«t*r of tliw high-pr*«iiTit 
i-ylindm ha* bwn innrnwod, thn k>w-prvewirr pylindrm 
beiw li-ft unaltcrrd. Vuum valve* are Rinmlly um»d 
*m all cyllndcrx. »-vi o on noa-aup>Tn4*atm. but in a f^w 
r*M*, for in*Ur..*., on Hhrli»-Orl«Mi>i «afin«». flat talvoa 
ltav«. hern pr<^r\rtd nn th* lew pwnuTv cylindVn of 
supiTbMaWv 

Other kyntvnv of superheater* boaides th* Jy-limidt 
hav* hoiii *x|ifnRient«d uyou. At lint, for fear <>t ov*r- 
huatirur th* Itigti-pnoMure ryhiwU**, nupiThfiatinir in two 
*Urr*«* «a» rMortfd to; h«jh-prr«i»uire moam b«njr n»od- 
♦■r.ilely heat4*d. reiM-tvrr itram l>cfnit passed to a w-oDd 
xup«'rlteat«tr. This |daxi. 1*tv4w*>t Sanvw re*or»U, baft 
U«n nbaiiduiie*!. A b*4leal rtupHrh^tvr. on the priwijtbt 
<»f tbti fl»Id ImIw. with rilM, wiu fitted to mm* tfurimv. 
ami wbm abandiHint on ai>oi>unc of itu intoflioHTit lurfaoi' 
arxl id the dif&eulty of fb-aotiur it* ouUtidi- rib* Aivither 
•'y-'tein tried I* known as tlw Mwtrw "witiirri'l-«*4Mf«i" 
!tupcrhna(»^, thw i* witrkina; on mine rnifin**. and Rive* 



On the Krro"li railway— the N'ord Lint*— th* I'tieim**** 
M|M«k inont favurahly of their nujwi"bt«UrM, and they 
offn«< that 1*» ifef. the l>«*t w»tdt* xup«<rb«iatinc miwt ho 
eomhintd aitli iiJinptiijmlir^. a *y»t*m whirh in to be 
adopted m future l.^onn.tin*. it i* fouml tliat with 
*l*wn trmperuturi'* of :«K. df«. to ;(40 dec. r,> no uoduo 
i-tirfn*^ for n<|)«ir» bnvv ha«l U* he met. A* r*nfards 
artual worknifC oxperimire. «*■ hn\* tlw testimony irf 
the ehief <m*rint«'r «f tlic N'ord Railway, M. Afttebn, who 



•11*111* w»h an Atlanta witlewit MiitorWtw, a f.mr- 
i ylinder ruinp^mml with a borM*^)Kiwer of LMNJ >;l,:i.S0 
h h.p.). Tbo flnt Rt«ip wux to in^-reuMt the jH»wer of I he*** 
Atiautia by the addition of a Huperbf*ter. AltluiUch 
avier trains, thiw «dnclm^ with i»up»irbont*w 
I an HurKimy of at )»*»t 5 JS lb. nf enal per miUt. 
Th« awoud »t*p wiu to hnild PactAea of altout 1 .900 h p. 
(1.873 b.U.p. . It in reinnrkahliv how eeunomi<ral tlienv 
etiifinw proved. With the sanir unchlM they einifmiiw 
pr*rtir«||v thv aacne ijUiuil ity of 'u*l a* tlie Allan tics with 
»tipprh*nteni, amt with the lum\i»r hiod* than th* latter 
0011M nuinafc without mirxrlt<titcr« tlw r»eifip* burn Iran 



Other valuable oomparativtf data 



vulleotwi by 



lh« chi«/ fnginonr of tbo ParavOrbnam railway, who made 
an JntarmtioK •"omparison in actual running of twimty 
PaiunVa withuut and of oft«6n with supcrhcatera. Th« 

(iiK'ludhia; ptcam for boot in* tfcn trains) 13.31b. for «ng iik* 
wilhout auperhAaterv, and 12.4 lb. io th* caaa of oa^iom 
with aii porh*«ft torn. A aavlug of do Uaa than 10 per num. 
la thus flhuum to cxiit in favor of the mperheot. Thanks 
to «up«rhett.tim:. it ean h*> placed 00 r*wrd that io a 
p*riiKl of fourleon years, during which the weight of train* 
on th* Nord Railway has boon doublod, the otial .xinsump- 
titm ha* rvotaiwd pra*tirally stationary, and it ii mueb 
the anmo «U»ry nn many other line*. 

But. aa ha* boa poiiiu<l out by tbw* eniturtit KngliKh 
lonomotlvw e-mrtnpcm, Mwwi. 1. A. V. A«pinm*all and <i. 
Hugh**, the cuaJ bill In only one item of expense io l«yi- 
motivfi war king, altiiough the rise In the price of tu«J 
niakra it mora and more important; the eooDnmy of first 
eost in the easo of twrxyiindor aimpla engines moat lie 
tak*u into ncrount.— Tk* Dai/y Tdtgraph. 

Egplosnr Mittam of GaflCS* 

Art rxplcMiito 1m e«**ntla}ly a very rapid *oiubortkm 
whb'h .nun* nlmiwt «lmultnni»ounly In nil paru of a 
■nun* of (xaiitinsUbJo suhManv. The boat ilnvaioptd by 
the etiinlinHtlou rnlacei th* cawouM prodaetn of cansbaa- 
ttoi> to 11 very lilich traiiH-ratnre, and irlrm tbein the 
eiMiriuoib* iHri-^nnr and cs|Mii»*ivr tendency whk'h pro- 
duei' the ite>trt>i'1U'f effifi.-fM of exHoHhw 

In ordrr tluit iNtiutm«1U.ii xbull l>e atin-M liiMtnntly 
tmiiiicntol tbrtiiubniit 11 iim-o. of it b> nanmaary 
thnt tlir air requlrtil for e«mt>uMtou Miall Ih- IntUnatety 
miImhI u-ith the nv»mliu<Ut.|e iniv and tu enter to attatu 
(he bfjtb Utiiiiernture n**pitille for rxpl<»*h*) the mix 
liln' trttfc-C IhiI omtakit 11 Inrci- iiuanlily *A c«n that 
liihre ro. part In tho oxuliiu-lbai, f..r ewh a itinwH of 
IllKrf wiflld *x*-rt a oviUm; etfect. TIiIn iititodiJ- 

rrutteci ImiU to th* law, wbleh i* cnntlnncd by ox|H>rl- 
nu*. that mixtures of wmliustlblf put with air are 
ciplosoTc only when the |>rrcfiita|te of onmliu»<1blc f»n 
hi the mixture hew between certnln lliults. Thcwe 
ItrailK, t»r auute lmt>orlatit gaiew and raporn. are ctven 
In the following cable : 

IvjrmUir nt f*M tn 
Oasor Vspor. SspltHlvit Mlxlvr*. 

Upper Uwll. \*wr lAmlt 

llydroffrfi - 604 MAb 

Illuminating gna ]n,l 7,11 

Methuni) (mnrvb jwm } V2JS (1,1 

Alcohol vo| Kir _ mm iitr. 

Ether vapor 7.7 iTC 

h>ni4n vapor a.» 

The e\|*im|ve Mill Itu. howerer, lire dependent to «onie 
t-vtftit ii|»«>ri the «lae and ^hape of the t-uuiahiinic ven-srl 
nml ii| hie oltarader of the liniltbm )»tTodit dii-trlc 
jtintrk. w.^k ai^rk. or 1a me). 

It will he oh-nrved (hat rhe proporthjfli of owbtintlMe 
pis rrrjulrnl to form nn axploalvp mixture with nlr Ih 
Trr> nmul), exeept tn th* case of hji)roi,vii, Kkph««bii} 
may l>e enuatHl bj tlir preariue of Ira*, than :j per rent 
of etber or benxtne: vujtor In tbc utmosiibere- In gen- 
eral, bou'ever, the dantrer of exploalnn la prnfHirHannl 
to the range of exiaVdveiiea^ 1. e„ the dlffereoec be- 
twmi tlw up]ier and lwrer explosive lunlta, and la eoo- 
wtjiu-ntly ereatt^t In the tase ».f b>drugetj. 

The dinner of explosEon can rttvlit^Kly 1# averted by 
pri'veotliijc the mlntellnj; of the cnmhiutlble Kft* with air. 
Tt». Iden. Mill wblrty pnrvalent. that rerutn 
e\ph«|ve In theiiineHfs i* 
In a very Htrtklnir manner by Sjinisel ClecK at tlu- In- 
Ntallnlluai of tJie llrnt i;ii<*di'«i>ie In l^aidm. To th* 
i*ont«tt*rnatloii of the exandnlng ronimUelou Clcjos Ihw«I 
a hob- In the wall of 
liiK -tmim c-f ipi*. A 
oub-tly, u llli. mt (he ntlxhtort ex|)Joalon, until It wan 
rxrtaKUI»hcd \>y the Mlnklnc of the tu bttldor hiimcfihg 
tlw hole below tlw Mil of the rarroundlaff water. 
When nn iitteiui* wan matte (.• I>b*w u|> a <)Ibj«ow can 
IdMiar with dynamite only the lr.*i jinrts were shat- 
ten**!, and the racuplnx saa bitrnpit without exiiloaloii. 
To Nia-h <*aaeH the lifnltbm of the e»a*phifr ita^ |« a 
vaf^*nari| nxnlti* ekplcflnn a» It lweventa IIih fonna- 
tltrfi, In InrK* ipiantlheH. of expbKlre mtxtureM of roa 
nnd nlr. 

Kven nn explosive mixture on prrrent*rl from 
expbshnc by Hie iiddltlon of an Inert nan. Tbl* Is of 
icreal iirai'tbwt Imjiortiiiire hcejinw ^nch flii littrt <aa 
la available In In nee quantities In the carbon dioxide 
whl.-h fKiiHtltuttw fr»tm S to li per cent of th* chimney 

K*9 of 

buve proved that any mix lure of 

nlr -an be made loexiiio*.! t e liy the addition of per 
cent of carbon dlnxtde. Ttota fact I* utilised for the 
IMeTentlnci of explowton diw to hi* rohi*llrm of stmm and 

pi pea. 
the 

lltiimlnntlna: gn» Ih admitted. 
In even tor moot explosive 



be prevented by oooj lrj 

tic*. A >et of auou rx mUf^^l^Perafuw of l*r»l- 

exploding the t&lxUjro lualde the r^.V 5 **»it*l wfthont 
the em>*U. S rffecx of u,o wa/i«^ f ^^W. | 



ixituilnfctlufi vl l>u 
on tills prindpi 



vj-"» Mi/no- ton,,,'"!" mm *U lulw. XIvb 
T/jo tm b Um,, r ""nw* In twapo 
iwllioit. whicb 111 t» lu ivnJcji( | 0 a "' °* W >1 to naa wire 
tnh««. daisp (mvltuMi, It I „^' u, " t *l» of miuhii 

tlx. mlrw. ,.nl«r» the act mid Horn,, & Uw nlr 



l>l<Mlln£ ttf iiiiKtun. of jehk j,r.,l 

.^.iin- rx|i| ( fcj>>. nil. 
pi»FRl In lwatloc by gma, iu lueu a ,j 



Oh, 



■lilOU t 



or 



•11* IMCcfljIfy 



«Ul. 



Ail m* r**" «" "«l>tl f ' 

—'^rc-- 




iHirm-r. whk-li ftutmnatkaJ!}' uil\i. M 
fud Km*, before raiuAUNflon, nit,, ^ 
III XX" «1ot« iliis uddltluu vt *lr Ik"™'^'"''' " r 
|.r.Nl.i tv 11 liuii-luuluow llaaio. Iu i.r,.,.^, Itu , '" 
trf i4iJifU 0X|M«*.sl ti» Ibif HitUie. 41 ,„ 

|J|«-L> lllUl («JAT|1«M .-.MnlHUNtUm l4 til.. JPJ.H. 

■re the more iKTfivlly actnliMX] tlw Inrj.r ilin 
Hun of »lr Hut b luld.Hl to tlu. ipi^, U'tit-R UJuinlMtijijr 
fun At the itHtttil invwiarp. binrevnr, In mlxcvj with murv 
lliail tlkrln. IU v..1uiim> of air (a uiiaatlt) UmuftV-Jeat fur 
roupta* .•omlrtwIl.M.I tin- vrlwlty of cfflui U lam Uinti 

Oil- r«lrx-Uy «.f |.r..|«i«ull f Itrilllou. so Uut Uw 

Hiim4> "xtrlkM Iiim-Ic.'* Tlo' qiuotlfy of nlr iidital rail 
I* iimti'ii.-u'.I lij lurmtslni; tlu- invso.nr.' of 111* gat. TbIk 
In .•sini-lalty iKlvautiurtHM Iu li>:uiwl.*MTiit i;ii» lighting 
wlirn- II U dwlmblr to oulKvutrat* thi- c 
11 hishII «j»i'» Iti or.lrr (.. |>rv«Juoc a lilifti 
«N>iH*.i|iK*lill)r. an Jiiu-iimo luininuMily. 
In #<xpU,.l,*i uoitun. II fc. ailvHiittlifvoUH tu w an little 
Cna in. txcMllitr, I. r., to a|i|itnllmntc a« t liwly as pi«- 
>ihk- to ll»r Iwwr tfiplo»lv.- limit. UUhvr mliturv 
(rormpollOim; to tlx- upjior limit h ctliw vlniont uplo- 
KioiiH, wlilrli are far le** rotztplrtrty ullUaml by tllo 
niovliiy partri Ibati lb* mllii exptovlulm aod expansion 
prtvlai^l tiy mixture* ]*«ir In icmm. With •Milne mix* 
tunv, Mp»cta]ly llyilrnavMi aiwl air. Ihwe violent rxpk^ 
«Ichim uny itmtro}' the mirfor. Tli* operation of explo- 
sion motor* with very' acniill quiiurltlcfl or g*i> or vapor 
U faellltuUxl by Uu fact that the cxploalvc raojp, la 
.MliHlilrrably extended at the hub lemiierHturca and 
prt-Mum tbnt prevail In Hh> Interior of the '-yHhder. 
TlieMe prli.rl|ileM hAve Ihiiii otillae.1 ao fully In reoem 



one wunld have rcotared to predict 
twenty j runt ago. Tlil^ rruiarkable Oerelopiocot is due 
to itwrrancU knowledge i*t the behavior of eXpl.Mtlie 
mhturen of ipm. and tht» Hmmlwlin? tun. Iwn acquired 
rruiw practkl-. i«H friMM Jiurel) wItoIIIK- iMintiri-h™. In 
IIlIm deal priK-llct. tx far ilh«<a.l ut litirv Mrielteo. 

Notes on the Geology of Texas* 

Ik the northwest |oirt of the State, eaat of the Pram, 
Hie fonniitloo» lie nearly hoiixontaL ThU «trocliirv 
prevalfe over the entire Tlalim. exteudlnir from tit*. 
Kurlh end of IIh- I'anltalidle Io a line Joining Kan Anevli. 
and PeeOM .at Itie NiHuth. Tills tlrvu nieuvurca :O0 mllea 
from north Io uailll nii.l 17» mlhw from eaat to west. 
The dooprr ijlnit r.irx» ean benee be known Iw only 
friim Uifrrenera haaoil un their nHnmw In distant 
oulcro|ia antaliln of fbii. ar*« Hli.1 from xucli local .^n*-r- 
vatloun ax may he obtnlne.l front tSoep pxldorulton*. It 
In ttluttritarly fortunate for our Lnowiodito uf the *trn- 
tlitrapby oC thU part of tbo eoiitlnont that » deep horUiK 
*** utadv al a point txit far from the wntral P"rt of 
the nren .Mlwyl The exploration onUen u» w 
hy acuta) ntwrvnlio,, what ,tmtD uwlerlW- " ™ 
ulalira a ntvl-liaiHl Inf.iriualinn of Hie »tr«t(amvn> 
tlu* iwrt of tha State, , n 

The .leepeol horllijj In Texni. I» new « l ' 
Lichen, Co-nty. .«! „a In ««rrl» «' £ „ t „, 

the town of Spur, and a. a W l>er..l ^'"^""^.ed am* 
fornmlkina of I he vleinlty. The holo waa nt> . 44! a> f.n't 

the <' 4,u 



»reih*d in N'orenifcer. l"l:l. nt tllt> vlaH'" 1 
The reinarkal.le feuture of Hm> Imrltvf: 
llnnliy nn.) Ihe |«Ta»lenc7 of the rock 



Tin 1 



aen.lmiN .-frock who l**'"** 1 r " . ||ir«'C 

The >lral.t explnre.1 by thin liorlue eniit»t ^ j^, ot 
well mnrke.1 dlvlM.riiM- Ttie tiHN.r f*^^ 'i^t . ,»l* A 

red Kundv cliiy*. inarH, la-tb. of jr>'|i3>tim. l«tt ,B ^' * ,,13*- 
Kill, all In different emdailofM of |.<ii»y r „ 

lure Till- l< the IVrinlan Ketl 1«od». min" 1 ™ 11 "^.^ 
pari of the ixmhlo Maintain f..rinnth». fl>* »'•<•« x . 
Imr IMII f.*t ronaiKt ..f .lohaaitte. with «trnl« " 
ilrtlc. aaniUtone. and slialn. Thean are protMlWj '< » 
correlated with tbc Deliiwarc fiimiatlon wo<f of * _ 
lve,w aod are. Do ilonbt, the egui™'™! of fjie Wtcl l i 
anil Hie Albany. Ihc Cl.nr I'ork. n"H Part ,»f the />o«_l » ,/c 
Mountain fnrnMtUm The lowest ."«M> fcef ,,f /Jio 
tl.oi exphanal coii»4k| «.f UniMtoim ntft »hnlr. uhfoli t»yv 
Ih'IIcvo.1 (>> ci^n^rMitHl H. flic u|.!»cX r«rt ,,f f_^| v ^, 
f.imtnllon of rvotrnl Te\aw. 



• |.'r«m the jlalMla of tbo l:nl.i.t»Hr " r •"•«».. 
Ilotltvl «t aptir - hy J, A. rosta coloe"' '"' tlir 
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The u|>pwoiust SUV fool ot the. 11*1 Hods consist of 
Be* silt anil clsy Impregnated with Iron oxide, which 
gives It ruoolj a deep red color. Kroai MM tn 800 feet 
below the surface the Red lints consist fur the mart 
part of fine ml asm! or stuadstotie- The lower MO feel 
»( the Red Beds consist or ■ sandy vllt mixed »ltli 
vurylng amounts ot salt Ui which the mdi) and »1ll 
Isjrtlelr* un- Imbedded aa Id a matrix. 

There were three M«1* of pure ult ; one ten foci tnlev, 
frost KtV to r»sri feet below the surface; another lire 
font thick, from tSXl lo ll'ls fort ; anil a Ihlrd nine feet 
thick, from VS£ to 741 fret. Too uptmr bod (im»KI% of 
white granular salt showing thin red seams ubont a 
half millimeter apart, due to the presence ..f red sill 
the lowermost bed l» clear, crystalline Mile which is 
transiaucnt, except for Imbedded blotches of silt which 
.shows no well-marked stratlihmtiou. 

At Stpur, as elsewhere, the niost characteristic por- 
i the sediment* of the Bed Beds 
nf calcium sotpbnlc minerals, gypsnm, and 
anhydrite. 

From 1J8S0 feet below the surface demo to 4X19.1 feet 
the drill was golug through what la maeuUally a for- 
mation of dolomites. Interrupted by beds of sandstone, 
shale, and anhydrite, the last of which lit to noun) 
extent of Becorolary origin. The thickness of tbl» serlea 
Is 2.K4S foot. 

The main accessory sediment* In the dolomttlc beds 
are sand, shale, and anhydrite. 

In many of tlio thin Rortlotis of dolomite, black. 



»tr*iuui, narrams an examination fur potaati In water 



i oxide. Un heating 
jiarts of souse of these samples, and several others, lu 
il dosed tube, It was found that nearly nil such rock 
>l»Med fumes of bituminous materials. In several 
caaea, perceptible OIium or even minute drops of oil were 
otitalnod 

fragments of limestone Srat began to appear with the 
cuttings from 4. lot) to 4.K«3 feet After lis Unit appear 
aneo, the limestone Inc r eased In quantity steadily In 
the returns for the next forty feet Keiow 4,1 ft! feet 
tbe axjapsRs contained bat little dolomite, consisting 

of 



II l« believed that the stn-la penetrated by tile lower 
most SM4 feet of tills bvrflix ure lu be correlilled wltb 
the nppcr port of the t-lsev formation ill Hie central 
part of tin State. They consist of limestone and sluile. 
Umestone la tbe chief rock from 4,100 to 4,4l»> ti-l. 
while the lowermost Ml feet are mostly shale. 

Only a few macroscopic fossils were senu. Tlo-so 
were In a core taken between the depths nf 11.J44 to 
£2M feet. All other fossils were minute forms, foiiml 
either In tblu sections of iMvmlte und limestone or 
recovered by washing the triturated material In samples 
of ratting* taken hy the drillers. 

Tbe principal fossil -bearing horliofi Is the Cisco, Hie 
lowermost rt>« feet of the expleftatfcin- Kisodbj occur In 
tbe limestone aa well as tn the sbalft. Kusullna, Ittfouo- 

«"« were noted 
Chltinoos and othet 
agglutinate foramlulfera. Juws of annelids, add spicules 
of sponge* were moat frtsjucut In tbe shales. A majority 
of ttxtr fossils are known from tbe Carboniferous In 
Uuropr and America, a f.w are known from tbe l*r. 
tulan. and sr. me hare pn.lwlily not been reiwrted frum 
any other locality 

A few fossils were Doted at scattered Intervals In tbe 
sainjitev coining from the shaty dolomite bed*. 
This boring eutphsslxes the fact, touist known, thai 
1 Is very xMirce In I lie lViiusylvanliiii and I he Her 
sedlnienu on tbe pliilns of tbe tfoutliwosr, aisl 
nlso tbat most of the water lltey contain U too aslty 
for use- The cbances are that. If any deep imtnMe 
water will ever he fnuisl 1n the Ked Deil area. It will 
nunc frian lielow the [»cnn*)lvjiibiti, ami ix^rhsp* l^lo\> 
Ihe entire Carbonlfer.Hls. ut s..o>.. flcHli cxrvedlliu n.UWi 
feet. There .wo be little- d.iuht llut there «re «t lenrt 
Meveral hurslreil, ai»d [irotuibli mure than a iVxiksu]. 
fret more of iviinxi Ivuiilnii strata under Ihe u.rtotii of 
Ihb. Imrlint Th.. vxbileiMv of <wh ileeji water U highly 



Wlwt may ev..|itnally be I lie in.il lm|«irtant ecooumlc 
result of this tiering ts that It li:ls ph'Vtil the existence 
ill Ihe iloU>mlte beds of a strntuin. or hiirisoiL froni 
which comes u water suflk'tently jfc-h in puliuh to hold 
oitt tiidiiccuiettt to |ine*|tective sesn-li for thl< lulneral 

I oneMerluic Hie itrenl value of u worknl.le de|«islt ot 
INKskli, It seenix Worlli Hie while to mil attention |« 
nnotber clrnlniNlsnce in c<ililiecti.iti wltli lliexe olieertn- 
llons. In either dltocllon rsirlh or south from S|«r 
the formations lie practically !■• irlxoutn I for at Uwhi a 
bundred miles, snd the potaoh t*« ring borlion, whether 
it be such or Dot in other places, must be at about the 
sama depth aa here. In these directions It seems to the 
wrttar that the genera I condition Indicated in this 
boring, tbe nsMeare of gnat salt beds and bods of 
anhydrite, together with the proTsti potash bearing 



territory. 

TTjo mck> of the dolomltic beds, and still more the 
rocks of tbn t'lwo. must lie rvgarded as smfflclnntly 
bituminous to pn^duce large accumulation* of oil ami 
u»* under favorable structural and Utholosical condt 
lions. Uul tbe fact that tbe entire column of forma 
tloiw explored In the well below the Itcd Bed. conalaU 
of compact xedluieiits that not even yield salt water, 
sttnw-s Hut the rocks are hot In this locality sunVdeotly 
lawoas to have permitted the awutnulutUiu of any llulua 
they may bav« contained. Everything considered, the 
for otl or aas In this vicinity nM 



Tb« Workofi Nmrml 

Tiruca of War* 
« A»r Martial law has boon proclaimed, tbe lloela 
lia*e beeta mobUtacd. nnd the battle maneurers are nun 
being "practised" In deadly earnaat It Is fine thing to 
repel n friendly eocmy; It la quite another when the 
opposing naval forces are. next to our own, tbe ancst 
In th* world. 

Let us summwi we axe recon nattering in hoatU* wa- 
ters. The cruisers are ordered to spread UtcmseJrea 
out lu the vanguard of the fleet on lookout duty; they 
Klciim along without light" of any description. These 
great vessels. Invisible as the ulglit cnu make tiiexu, arc 
brooding on the troubled waters. Yet they are very 
olive. I'twselessly tliey .yiiuuiilnbwte i«ie witb another, 
for In each vessel, hidden as far as. poMslrde from external 
Mew, l» Hie -oouiidless and padded wireless n»«n. Here 
Hw o|s>r«tor l-i al work, the elis'trlc lamp gUtwIog liril- 
lliintly above him: but a messenger enter, with an 
ordsr fr.nn Ihe cotniiiamler : immediately, us Urn handle 
of the iloor Is tixiclkcd and pulled open by the cxitruiit. 
tbe lights go out. ami pltet darkness prevails, uutll 
once ugaia tbe door b. closed behind blm. and automatic- 
ally the lights are switched on— thai Is iwrt of Hie 
»i^rcin which prevails on a hnttleshlp in lime of war 
The wen on lookout duties are stationed In various 
pnrtH throughout the cruiser: tbelr duty Is to keep tlielr 
c>e» open, hh tlicre Is always a cliamc tinit on*' of the 
eneiiiy'x deHtroyel-s nuiy <xime rusldng along at a s|s*vl 
of Skime 3d kiHits su hour, sboot a torpedo Into the ship, 
awl get away un».wlheil, Al tile best irf times It tak« 
n cunning gunnery to strike a teasel going al this spots! ; 
tmt lu Hie darkness jssiMlMllties of Ihe marauder's 
e*c«|K' are Increased lenfiklil. mill i;*ily the eye* of tbe 
crew and watchers can, as. fur as possible, safeguard 
mi-hill.. As soon as anything Is sighted. It Is rej»irte.l 
to Hw battle fleet. This Is done by the wireless, ami 
Hie ofierator Is coiojietled to work at high pressure, for 
lie has to read every message a cruiser semis, Inform 
his captain, and hlmaelf get lb touch with the Boot If 
his oWcer should desire to send a reply. Then there b. 
the admiral of a fleet to be considered. Tbe operator 
must keep a good lookout la case sat battle order 
should be transmitted from this Important Quarter. 

AM Ibis time, remember, the sblp is cruising at Immi- 
nent risk. n<4 only from tbe actual attacks of a secret 
enemy, litlt from tbe danger of floating mine* and eveti 
aerial attack. It requires no little iiersounl courage, 
theref.xre, f,«r the ifieralor lo remain In that cbee.1 
w ireless cabin, whence, should disaster ouur, there Is 
Mi chance of escape, nnd all the lime be must keep his 
bead, and send and receive messages wltb as mueb 
nonchalance as though he were seated at borne In the 
wjrlly of his own little den. Knt quiet heroism l« one 
of the traditions of wireless service. 

Very few people reallxc the great Importance of wlre- 
lc*> telegraphy, esisvtally in time of war or strained 
relations. We will lake, for instance, a Beet of battle- 
sliltis at sea while their country Is at war wltb another 
inm-er. Kach ship In tint Beet bait Its wireless lu-talla- 
I Ion. adjusted so that tliey can send and receive signs ts 
stsl menaces to ether squadrons at sea or in harbor 
atsl lo Htatiotls ashore, true ship of tbat fleet Is always 
In .1irc-t touch with tbe Admiralty. The chance of 
Interferon... from an enemy's ship Is reduced so as to 
Is. nlmcet not worth counting. Kuch ship in a battle 
Itivt Is responsible for some station ashorn, or for a 
cruiser squadron or flotilla of torpedo boat destroyers, 

The liniiortancp nf having one ship tn a Beet always 



cosily seen- All foreign intelligence and tbe movement* 
of foreign slii|si go lo the capital by telegraph, cable- 
gram, mid wireless from different |.arts of tile world, 
noil from Hleitcc it le transmitted lo Ihe admiral tn 
charge of tbe fleet, who dlnnfls bis ship* accordingly. 
The whole safety of a battle fleet depend* on wireless 
telegraphy In time of war. When a number ot battle, 
sblisi are itoamlng along, perhaps Looking for the anemy. 
It would not do for them lo run Into a anpotior number 
of the enemy's battleahlrie. 

* > I •» Wlctssl STwIS for Bo,,l. r 



To guard against tbU, a great number of cruisers 

acraia The duty of these ships Is to keep a thorough 
lookout and report to the sblp in the battle fleet looking 
out on their particular tune. This ship. In turn, reports 
by semaphore or morse-Ump to tbe admiral of the 
battle fleet. The cruisers are wimetluieu assisted by 
li>rpe>lt>-ls.ai destroyer-. Now. If 80 of these ships are 
w*l, It will be readily seen that the area of their vWon 
l» enormous, ami 11 would lie almost Impossible for a 
fleet lo pass tuiobserred. Immediately anv of the stdpi 
sight the enemy's squadron, they wialld reisart at once 
by wireless, staling the number of ships sighted, will 




admiral determines to 
to steam at full 
battle fleet. 

Makiaf a Comparison Spectrum 

Ir Is often necessary when making ti study of spectra, 
cither terrestrial or celestial, to liave a cucnparbKO 
eiwetra which la capable of furnishing certain of Um 
standard line*. In Ihe Annual of the Wewatory of 
tlood Hope, 1 1,11 lit «uggc-t« Dial a cwnejllelil «lwi» 
for this ha* been found Id tbe graphite of an ordinary 
lead pencil, which generally contain*, sufficient Impuri- 
ties to glvo linos of Iron, titanium, vanadium, chromium, 



dlum, yttrium, silicon, magnesium, nxangaisasc, In addi- 
tion to the carbon. 



Wb wlnb ti. call attention lo Ihe fact that we are in a 
position to fetul-r competent services in every branch 
of patent or traile-mark work Our stair la computed 
or mechanical, electrical and chemical expert*, thor 
enghly trained to prepare nnd prosecute all patent ap- 
plications, lrresiwctlve of the complex nature of the 
subject mutter Involved, or of Ihe siieclallxed, 
or scleutlAc knowledge required Hierefur, 

We also have i 
n -kt In the | 

piloitl-.it. ni^l In sil coiintrlei. foreign to 
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Air-Break Switches* 

1S.V W. K Mm tiirnncd 

Tnx que-ition a* to the f«uu bill ly i4 th#» use of air break 
switches fur opening heavily loaded circuit* hut appar- 
ently never hwii definitely settled, much having been 

•aid retarding th* dancer to equipment atleiuhn* their 
us* on wi>ll hm the advantages to be derived therefrom. 
With tho idea of obtaining data from which mm* definite 
conclusion might be drawn an this question, then- was 
ootid tie led at Gainesville, Ga., during the months of 
February and March of I his j ear, a serin of experiment* 
extending over three or four v(«b, the work being 

• Fran I hr 0*rra/ /..Vi-trw Kftru 



carried out UswfT the direction af Mr. C. E. Bennett, 
electrical t ngiatmr. 

The site ehosMin for the tent* in situated about four 
milea north went of the city of Gainesville proper, ad- 
jacent to the Old Dunlap Power Plant af the Georgia 
Railway & Power Comjtauy and the new high tension 
line* of thin company bet www Tailulah Fall-* mid Atlanta. 
The entire output of thks station was available for power 
pur|>oaea during the tents, nod the high tension lines 
could be used after twelve o'clock at negbt to furnish 
the accessory load. With such ideal location and foci I i- 
tie** do expense was spared In making the teeU oh exhaus- 
tive as possible, and the anginal report n on tains data on 
some 27-1 tests with more than fifty 8-ineh by I Clinch 




photographs and a number of °^Hi fH ^ 
instrument for obtaining those ■sJtj^ZfZ? "T 0 ^ *Ar 
the ttanl BlMri. Cmw. T h „ -ZriJZZ?* 

note the behavior a* the different awilolies in mil kin.l. 
tf » Miner Some of the UwL* uroro ooudooeod during • 
enow alarm, eomn during rain &n<l wind storms. and 
■iflipm in fair weather with praetioaJlr no wind. 

Fig. 1 shows n general -lew of the swiluh simetu.ro 
and tho manner of connecting up the switches, lb« in- 
coming lends from the power house being in the extreme 
right of th* pwturw and tho wires eonqscting with the 
high tension tower Lines immediately above Tho 
ICWHnsMf *n peer M r.> 




Electric tree produced bj- a per sling ■ 1 16,000- roll trans mission line by u air-break •witch. 
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How to Collect and Preserve Insects — V 

Methods and Apparatus Used in an Interesting Pastime 

By Frank B. Lutz 



"llMWI are tM-xat*Nk<UM frarbeata nrthn>iHMi*,~ 
whk'h dm-m't help murk unlets* 11 1m* tranM.uto.L thi 
the purt of biyiuen, Uowewr, awl thi* articlr it intend t4 
fur lam*en. there la u gooil ilaKtl of hurlnrsa as to what 
are tu*ti*tM uml what are Dot Arthropods nrr crea- 
ture* Usrliii. Jointed nntieiidnccs but no Internal skel- 
eton- Tbe (Troup liK-ludra crabs, spider* ami cvnll|»r*)rti, 
a» wall am Insect*. The tm cheat e imrt refer* to tin? 
structure of the brciitklni; appuratutt, but need not eou- 
cvrn oa here, fur 'keiapodous'* settled thy whole iMf- 
ter If one doc*, not olijeri to t'xcvplk'iu*. An arthropod 
with i*i more than klx letf* la fairly certain to be an 
Insert. The exceptions to this are minute Immature 
form* not likely to be noticed by tlie reader. RfNfSi 
a young Insect la an Insect Jv«t as truly a* l* a full 
Itruwti otic, ami while tainae yontu, Insects • HI* fur es- 
hid pit* i have nit It-K*, i-Ui^m t>.Min« butiectllrw. for 

matte) hftvi mm tbnn ki* im ivrhapa if we can 

the** exception* ■HHJMI ami culerplllarH. Ptinucb wilt 
tinva lava aaWt. No uie»lt<m ha» lieeu inaite of wing- Tor 
two reasons : very many Inarcts never have wlnir*. am] 
no Insect has nni wine* nor even slirn* at wine* when 
very yourus. It may be wild MM that nhcti uu Insert 
'!•»-* have fully developed nlnirs It U full crown. A 
MmaH wlntced fl> never xruwa to la* u Urucr n> a» ninny 
fiipfH»*r> Mi i-i h ..riH hjdr mi Mulnanll; o,ulet atHHj 
railed the 1*U|<1. Iietweeu the rrtiwllutr lanal ami the 
flylne, adult one*. \mt many other ht>-eett, rvtiifllu M> 
tlvr, merely cnliiliur nor* and snore fully developed 
wins* at each moult, rorunnrc In this reapcrl the 
buttcrlUc* ami I be Bmsxlioitper*. 

when ami where to nun isndts. 
Insect honltux In u VJMH In whirl, there lire do blanks 
If you kiHiw the jeanif. Krt^iueiilly Ibe nnmt aunroail* 
line time*. niMl pine.* are the beat, for other* him* lawn 
(llarourncrd hy tbo nntlonk nml ytm «et what they have 
nitaaed. We run ueier truly >ny that n<> kimu mi In- 
Hect'B bauntii until we can tell where to Look for It every 
MM <•/ every itay In the year. Many Inserts tire creat 
hldpr* and «ho>nld 1h> linked lot umler Iwrk. In rotten 
wood, mater KtixieK dead leave*, etr. ; aaDimu (lie nxts 
4if plants. Id their hteiua ami MkMHaV- In Mlutrt. every- 
where arnl at all tlnara. 



niLXxxTino uriihii * »m. now to i sr. rr 
Tbo Brent pftseDtLals for laarct rolleclliiji were ^Iven 
each of ua at birth ami tmsl ouly be ltuproTcd by use ■ 
an laqulrlDC mind, ey es, ai>tl llucera t >nly u very few 
Insect* vtlnc to sock an extent that collertlni: with no 
aided fl Direr* Is uneonfurtable, mid even the swift eat 
11 1 em can be caught by baml » Urn tbry are youni; or 
«nle*ii. However, certain I»m»19 are bimdy. They can 
either be made nt ln«uie or purcliased rutker cheaply 
frona donlcra. 

Mention of Insert colhwtlnn Immeilbiiely miiX6^*<I" > a 
net. For the rapture of adult butterflies, moths, ami 
other delicate UyLtiK creatures this should be of the 
llchleM po^lble matetitil. Viae Itruasela net or boblnet 
la twed for the larger nlara tone half foot Id din meter) 
.u.*1 Milk veiling r<. r the poctvl slaea. The depth of this 
Del kin, ii I- 1 In* at leant twice the diameter of Ita rim 
<t'\C- 11. ho that when nn Insect In eaiujbt a twlat will 




•Oulda Lwaflet N*. 3U. published Uj tbr AarrK.n Uvmuoj 
•>r .Vtturtl Ulalory. 



Ftf. 1- — A JOting rol lector uninR a net. 




Kir, .'. — Diagrammatic section of a trap for inaecls which are 
attracted by Harht. 

a, aaaawrtaw tfriat*; A, laiua shut off rpuss ihm irap by » class ulau 
or neUlaci C Ctona bag with eyanldn bcAttw; d. fJaai plkto or acu 
us« im ii at aaaVt. Tbo tu«o» bct*««h dw laoor odcaa of 4 aauwlil 
few lUmi una lac a aide. 



Fig. a.— a rallm- 

ifiK I ■ b e liticd 
with ■ quilJ for 
taking ttu«ts out 
of »n umbrclU. 



J 'l-I Ibf tl||j£ ||£UlBHt llll- rlltt UIIll k«T«t M>0 lUMVTt In 

prtvunuil lii tbc Iowit nut of ibe tag. Tbo iKglBwr U 
«lit to ebouwe too lotig o buiiillc and cnu tbea take mil/ 
long, slow BtrokuA. creo 11 be doc* Dot get alt mixed ii[ 
wltli Uie TexeUitloii and bU fclloir coljectota. Tbn» 
feet 1m loug euougli for a bundle, eaiKCialty if orje ban 
• lli-o Mtl Ibe two feet wblcb are cotered wttb »boev 

The awe»|iliig laK aliould be made of atout white nu> 
Ho or ltgbt dock on A atroac rim well fimteneil to i 
liaDdlu of audi u Umgili that ibe naer can JnM touek 
the ground wttb the rim of tbu not without itlMffiltf 
The diameter of the net depeuda aomewbat on toe 
litreuglb of the uaer ami Ita iir[*h may be from onn am) 
"lie liulf to two Umea its diameter. It la used to »ww|i 
Mindly through urtiia, buwliea of flowera, lljtbt liuahi'>. 
itc. In a fairly certain ei|iecutluu of getting name 
thing. Much of the material will be damaged by the 
rough uandllng, hut It la tbo quickest way to get large 
cumber* of apedmcna, and the only way to get certain 
things tiuk'kl). The tendency acema to be to make Ibe 
baudle of the sweep net too abort, some on the market 
living only all iuchea long. These do not tire the arm 
ho much M uela with longer handles, but you either 
miaa the Inaecla living near the grouad or you get a 
very tired hack, tine useful trick hi sweeping Is tu 
hare a small cushion (about 2 by 1*4 Indies) uf cutlun 
covered with cheesecloth or muslin and a buttle of 
CMorolbrm or ether. After au'ccplug fur a few mlnutei 
moUteu the cusblun wttb the anesthetic, droji It lutt> 
Ibe net. nud iiulckly twist up tbc bag so that the fuo»* 
are routined, lu a short time even the liveliest gra» 
honner will be anUrP and can be iilcked out am eliacr 
saved or rejected. If rejected they will all ibirtly 
revive adtl walk, bop or fly away. 

The third net of tbo complete outfit Is the water ml 
Tbe bag should be of aomo stroiu uiaterlul through 
which the water will ruu readily. The rim atwejld be 
stroikg and mn v be either circular lu outline or tlatteuod 
at the aide opposite tbe handle. Tbe advantage of tbe 
tlatteulhg l* that the liuttom of Pulids cau be sklmzoeil, 
but tbe circular rim ,!.-■- fairly well, as Ibe stirring uf 
tbc water stirs up even tbe bottom Insects, anil tbey 
are caught in tbe return swish of the neb A great deal 
of mud and weeds will also bo caught, but devices !« 
prevent this, such as covering the mouth of the net 
with a course wire screen, does not work well in col- 
lecting Inaecla. After clearing tbe act of mud u» much 
as possible hy washing It through tbe net. dump the 
rest on the hank, preferably In the sun. Some fnsecta 
will probably be soon nt once, others will appear as tbe 
muse dries out- Afler you thing you have found every- 
thing, wait a while and look out for very small beetles. 
Many collectors miss them. 

Many or most of the nets that are fur sale have folil- 
Ing rtnis and Jointed bundles. Oplnlou itlfTcra as to tlie 
lavat- When lightness and ease of transportation Is an 
object It Is well to have but one handle and frame with 
Interchangeable hags. Tlie lauding net used by fisher 
men, hi wblch tbe frame consists of two piece*, of doi- 
Ible steel that He clone tngetlu-r wbeu not In use, Is 
excellent. Tbe two Jointed handle Is belter than tbe 
three-Jointed one. aa one of tbo Joints of the former la 
Just tight except for high rijhig or deep diving uiiarrj 
lu these case* add tbe second. 

A sieve Is bandy for getting tbe small Insects hiding 
uudor iircumulatliiiis of dead leaves. In iikm. trash, etc 
Two >I,-,.-. wild mi'-dm -,f illSercin idle are li.iudler 
A good plan la to have a slroug but about a fiiut »•>! 
one half square by two feet deep. About nine Inches 
from Ibe to]i sew pieces Heroes the corners so thai a 
pl«* of half inch mesh wire screen rears oa them, Sift 
through tula until there fa) quite a tilt uf lino material 
la tbe twliotn of the bag, and tluu retire to u canfart 
able place protected from the wind ami spreud a snail 
sheet ii f white muslin or canvas. Xow resift. using a 
mcab about four or Ave to an Inch. The Hat bottomed 
sieve, six or eight Indies hi diameter wSM are used 
for making French tried potatoes and the uow wire pie 
tuns are excellent. Sift a »er> thlu lu>.-r on to the 
white cloth and examine carefully the coarse stuff for 
relatively large things before It |< thrown nway. lie 
patient Willi tbe small stuff, luaeels have a habit gf 
"pinylng |>mum" mid have plenty ,,f tuitlenre them- 
selves. Thi'j do not seem to like IhIsmvo amokt. If 
.visa do, Mast a,,iae on the liner. It arOJ hasten matter- 
This Is a g-sal place to mentknn CgSgSlRfJ forceps, as 
ibey_nre almost tieceaaary In purling up very anal' 
|. - ~_u „ n„„.|« concerning wln»« ahllitr and 
1 ' %r suaplciaa. 
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far handling very MMM lrssects *> ■>"* 
to be on the market. The) are nisde tf strips of 
silver uuil have small but rounded point* 



for perking csdillce esses, etc., not of water, but tbey 
ore of little use In general work. itcoler* abo carry 
forceps having nu» covered InM at th* tips Their 

being mmn imi am of vary utile »« iu 

the general collector 

A strong knife for cutting ..IT gulls, stripping hark, 
splitting Infested branches, tie., 1» essential, A trowel 
la useful In following Insect burrows, or digging for root 
borer* Ttit' cnlreurhing tool us,-.I In the army la a 
bninly all-around substitute for trowel, hatchet and 
large knife combined. 

Them am two chief method* of night collecting In 
Benrrnl nae: sugaring und 11 UgbL Another, while not 
so ifroiluc-.li e of sistlmcns. la more Interesting- U con- 
sists hi simply prowling around with au a«*ty|aasj Mey- 



of leaves, Ire* 




boat where there Is a variety of vegetation, as where 
woodland t Mi-Mi Into swsmp N where there I* an abun- 
dance of second growth. 

Many other aorta of trapa have been devised. Olive 
bottles and fruit Jars burled up to the neck In the 
ground und bulled with molasses, meat, etc., are simple 
uuil effective. The Uiseels caught In this ■*) mar be 
w-BjUirod off lu alcohol and will be nearly an good ua 

or rJuTirlm meat nre not bud. 
eut IUuIm hung up attract wood boring Insect*, which 
can then be enlloeted by beating tbeni Into an ii|rfurt»ed 
umbrella by sharply nipping the limbs with a stout 

apparatus. Hranclie*. both living and dead, are fall of 
insect*. The inverted umbrella catchea whut are 
knocked off. but does not hold tilem fur long. The col- 
lector muat net quickly. Some collector* put a quill In 
the cork of a collecting tube n» shown In trig. 3. It too 
outer end of tie Mulll be put over th* Insect It will 
crawl up through the quill and Into the bottle, from 
which exit la illuVnlt. If the umbrella be white, or at 
leant lined with white, the insects can be more easily 
seen, but ao can the collector — not by the insects psr- 
Ucularly. but by lniiulaltlve humana — und the non-co«u- 




A piece of blot tills, p 

""■ P'""' ««er It l.a, -»,, « ' a «lr«f <l«lit.) 
uae plaster, but I,, ,(,,.,! (l,,, o,.„,°" y >S « Some do not 
this with a X.ltM-„ „ f t„„ m "'^ lu ,v,tr,,r. »■■<! ooref 
cork. A Janjrerou, hot „th rr '™'"' r "* * IX'roq,, 
metbod la to ImOvd a pfacc of r-, „ fl,lrb ' m **"*^T1Hi 
face of the cork ami bare non,. i, Uc un '"»l«lo sue 
bottle will be dry but not *U.„.J ta * t-Alte Uavlt. 
In time become, wituratcil win, , "» "»«■ «>r|( 

duugerotia. It In always well 
•.trip* of loos* abaorlsauC paper* | 
rent Injury to tl«. Iumk-u by '** *"AI» 

botUo dry, as they cun be freij,, lae 
- . bottle ahoula ^ 



*MXma, ii win 

*» have ii few 



serurul days before 1 



•*> very 

and iii*i/* , * •t'rr* 
Ur chaiurm 'he 
urrU- 



re — iiivinv i,. — 
^uriteu" at ouv. '>*••• fur 
V .1 - . f '.lr..-aur I'lr-.'l. of , <JJ' " /*.,, .., ,, „ 



tna cvnnlde. 



down am li) larva». IMreetlona for 
preaervbig them are liven later on. Souse, at least, 
should be reared, and here Incnuulty In of more value 
tliou Volume* of Instructions. The beginner will doubt* 

than U luvcasur}'. l-aaleuoard sboe boles arc excellent 
for larcn caterpillars- Tin uoxea keep the food IoUbT 
and are easily cleuued. but mu-t be watched carefully 
or the food will mould. If the food plant can lie potted, 
u food contrlrunce I*, to slip a lantern globe over It. 



UUa treuueotly put a few <>r° t *, r "r* r 'ZT* r V!,',' "t""" 
lii their cyanide nottica ueioro warUni ont. T blll ,„ 
unlet lliwela at once, for the cyanide sometime* Ulb 
alnwly. Experience will teach tlie colloclnr tn»« m<mc 
Insert* die very stoutly and revive afler apparimr d-rwrli. 
thi the other bond, ether and chloroform make lio-ecta 









\ k / •• 











Fig. S^-Sertlo* of a plaster breeding: box. a. Since for 
b, apace for water. 

sinking the bottom far enough In the around to prevent 



top with ciiecaecluth. Even If the plant cannot be 
grown, twig* can be kept fresh for aomo time by keen- 
ing their cut etnas Id a small bottle of water sunk In 
the ground and used loslde u lantern globe. (See ng- 
4.) The twlga will be held In place und tarvte pre- 
vented from drowning If cotton be loosely stuffed In the 
nock of th* bottle around the twigs. It Is well to throw 
a thin layer of dirt over the cotton ao Uiut fallen larvm 
can easily get back to their food. A useful device for 
certain larva.* mot leaf eaters) Is sbowu In *'ig- «V It 
in nniue of plaster of lairla. The water at one end 
It 1> U»l 




is there are for "mother's bbjeulbj.- 
Ilaklng molu-jse* usually forms the basis. Some addi- 
tions are any combination or all of stale beer, ram. 
uaatu-tiila. and brown «lgar. The mixture ahould 
spread easily but not run badly. It la to b» applied be- 
fore dusk on tree trunk*, fence rails, and the like, 
starting from some comfortable restliuj place as a base, 
luy out a circuitous route, -sugaring- something every 
few feet, and end at the resting place. After dark. If 
tNt be good, the sugared stripe will be full of soothe, 
eagerly sipping the sweet*. Several wlda-mouthed 
cyanide killing bottles will be useful, but a net will be 
prucilcally iiseleaa It la well to have a little ether in 
each bottle, and do 0*4 put a moth In a bottle until IU 
predecessors have stepped fluttering. Only 
will leach how to catch theee moths with a bottle, 
I tty upward when disturbed and some fly straight 
it the oiayorlty drop a few Incbsa 
i when lu doubt hold the bottle slightly 
below I be |»iarpoclive captive. 

Light attracts many sort* of Insects besides moths. 
Street niul porch lights are fruitful hunting gTounda. 
A lamp by an ojs*ii wludow make* the mom It hi In a 
ariteudrd trap, or a smaller one can Is? lived up and put 
"in the held." Kilt ^ shows the principle. It Is not 
difficult to mske the box collapsible ao that It can easily 
be IIMIIHHf An ordinary bam lantern set In the 
center of a while sheet or a -bull's eye" throwing a 
light a*«lii>t a ■basal hung ovnr a fence or between trees 
does very well. In the latter coses a net win he desir- 
able, but not easy 10 use. Both light and 



fruit Jars with moist sand in the bottom or a moist 
sponge does Jost as well or better. Do nut forget tbe 
tarne living In hollow stems, dead wood, and under 



1. cork: 2, Hotting piyer ; X | 
pans j t. pleru ot rysoia. la i 



brittle, and too long an exposure t 
chiuujccs the color of some Insects. 

Imgon files, together with 
of other orders, can be 
killed lu alcohol and kept there liidoliul<*'*y* 
cent la strong enough for killing anil 7*> ve f ce *' t 
preserving. Higher grades make them l,ri,tVc ^ 
bee, butterfly, moth, or any green ln»«^i u ^.,' ln „, 



Up to tnla point bat little mention has been made of 
killing Inset-La. a nil that was not really is-cessary. In- 
sect* cau be studied alive with great pleasure and 
profit. However, there are so many kinds tabout ir»,0OO 
In the vicinity of New York dry, for cxaniplej, aod the 
dUTercucea between species are often ao minute that It 
la well to kill and preserve sample* at least. 

The best oil around killing agent for adult insect* Is 
cyanide of potassium. It should be brukeu Into pieces 
vurylug In sise from the ante of a small pea to that of 



Olive buttles 

while fruit Jars are U'Uer for large slavd moths and 
butterflies. Tubes even as small as Vi inch ln diam- 
eter by atarat '1 Inches long are not too small fur some 



Avoid also bottles made 
waya of keeping the cyanide ln position and the bottle 
In good condition- Tbe most general way la to pour u 
thin layer of plaster of [«rls titer a layer (from ■« to 
% Inch deep) of cyanide- However, since such a bottle 
will quickly get loo moist from the specliiwns and the 



smL The pieces of 
wrappod in soft absorbent paper or Imbedded ln dry 
sawdaet before the plaster Is pourod on. Another way 
la to Imbed it in dry plaster befure pouring an the wet. 



•a-*-*i> vtitt*. • -'^ p uiv v it , v* as mMj so,* ws" - 

vlousiy menlkused should be put lnt«» Blco "" )t 0 , 
cmnrgnucy, kerosene, gasoline, or ts**"** 1 ** ^ The 
thorax will kill and give snttsfactory " s * c jj,, wings 
thorax Is the part of tbe body wnlol' " >UJ , to 
and legs. Insects breathe througlt ni>U? i,ur<> ^ m 
abdomen; not through the heutl. roxixx butter- 
1M |s*«cb pits make a weak klltlti* Dll t Urm^ 

Hies and moth* may be kllleO by c * r ^ B11 d untie*'* oa " 
plncbliig the thorax between tho Unit 1 * . ttir ^c insect* 
an each sloe. In fact many col lector *■ « M ^ ,ive oet- 
litDch their captures before inking tl»en» aho*'- 

^VT^L conclMlfed.) 

ABlhrop<»loj£ical Survey of C»»««« j<p< t>* 
Tut tleologlcal Marvey of Cnuada Im* 9 v™"" ■ , *- T** 
Ing a number of Interesting operations cJorinj; * * 
season. In Nov. Scotia. Hurlna I. Smith b «-» ^,,,,1*" 
making InvesUgaUon* of llu> hr-npsi of Xc*-**~ i)V »*H 

and important reaulU are- anticipated, «■ It if* 
that theeouutry around lh« Unit of St. Xjtwjv. »i<_»rr . 
formerly iuhaUted by no Una thau four titJsJJy <3lffi' fe .. 
tsn.ple*. In southwmtern Jlanllfba. 11'. j f , .Mdt r&of 

» explorations of the mounds, ent-t tiwor 10 *' 
an.] village sites; and W. J. rVU.t«mber B i, rn aiuljjlrl> }r <» 
stsilon of th* country lH?twe**u Presoott d t- f t*r* 
bnrnngh for a slt» of Cijlturo different from tl, / 
Uoebuci site where be excavatcU ltt HMS. ° 
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Air-Break Switch** 

<OnMau#4 ''.ii" s**t pat* • 
switch** tested consisted of on* 1X1-9 1 10.CKM>-v t.h 
'. I cm r*l Klcctric switch, and three or four 44,000-volt 
air-brrak switchee of differ* nl type*. Tlse test*, how- 
■VST, »w not regarded a* competitive between lb*- dif- 
r. i. (it nuik.* uf imti'hc* t-ni •••>Tiiiuft»Hl :n.%iii!> '.. r 

tli« (HirpoM of detrrraining bow diffwnt weather 0OB> 
dilion* affected the operation of oi>-bf*ak switchus, and 
(he effect the ItliN and otbnr equipment resulting 
fnmt Ibwlr um*. 

44.QOC-VOLT SWITCH TKMTH. 

Fig. 3 ihowi » ime-bne diagram uf iiHinwixm* a*, made 
for the 44.000- volt twitch (MU, The power was takr-ii 
from 560-kilowatl. 1wo-pba»c, 00-eycle generator* in the 
Dunlap station at 440 volt*. This voltage was stepped 
up to three-phase 50.000 vol la through two banks of 
Bt«ttouoxK«UNltnuutfonD*n,e«rli hank eofisUting of two 
5o0-all'i»att unit*. There wu also ft rail able for use in 
connection with th« oscillograph, a ipare 50,000 440-mtt 
.V>0- kilowatt transformer which made it |kmmU4<i to take 
l h •■ voltage eurva of tba oscUUtgraph record from the 
Mjgk -. Dftioi] side of the power tmutarnun Thw •• M 
placed ui the circuit on the power side of the switch ft 
50,000- volt 10 to 1 current trouoforropr which wu con- 
nected to one of the other oscillograph vibrators for re- 
n netting the eumnt wave. The third vibrator uf the in- 
strument woe connected to the load aide ol the twitch 
through suitable potential tnnaforiDen, but could only 
be used when that part of the line to which thoao trans- 
former* were connect M furnished part of the artificial 
loading, which was not the case in all of the testa. 

As previously stated, the artificial toad consisted of 
the charging current on the high tendon lines of tbe 
Georgia Railway A Power Company bH»— a TnlluUb 
Falls and Atlanta, the tests being conducted after mid- 
night. Tbn linea arc constructed uf 4/0 stranded copper 
spaced 0 feet vertically and insulated for 110.000 vol to. 
The distance from Tallulah to Atlanta M approximately 
1*0 nulee, the Dunlap station at Gainesville being about 



Fig. I. — General view of switch structure. 



imposed rather a severe load on a 44,000-voll air-br*<ak 
switch. It is not often that jM>wer U traiwrnttted so grunt 
ft distftoce at this voltage, anil an air-break switch of this 
rating would probably never be colled upon to open a 
circuit of this Length. 

A water rbotwtat was rigged up In the field for fur- 
nishing a true energy mad, and although rather crude in 
construction, served the purpoMi admirably, drawing 
as high as 50 ampere* in some of the tests. (See Fig. 2.) 

In order to get a better check on the voltage surge 





Ft*. It — Owe- line wiring diagram for 41.0*0 -volt 
switch leata. 



J JtfJ * i. 
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***** J rv/i A 



1 



Fig. !.— Water rhc.e.1.1 



Fig. 4 — lino line wiring diagram for 110.000-yoIi switch tests. 



midway between. Thorr is a tie switch between tba two 
Uur:. known as the Dorth utt the smith lines, at thia 
station with aectiunalizlug switches on both linea on both 
aiftea of th« oUiion. bo that the linee i-au be easily sep- 
arated into four different wUhu riifhl on the ground* 
win-re the teata were conducted. Each of the** sections 
uf about 45 mile* in length furnished approximately 7 
■mpcrea charging current at 50,000 tolta, maldtu; the 
maximum toad with all four aeetions out In, 28 amperea, 
uc about 2400-kv-a. of leasiins; power-faetor. Theae 
four sretitrtis, lure tlier repregentinc a totnl of mo milea. 



aet up oti tlie load Nile when openinK the eireuit with 
an air-broalt sariteh, a need la point spark gap waa con- 
onctmt between two of the phases, aet aeeorately for 
different voltagea, and the maximum sparkinc dlatane* 
noted for eaeh switch under the auno load conditions. 
The same experiment waa tried with an oil-brealt switeh 
in the etroiiit, and the maximum sparking diatanee 
roeorded whoa tbo circuit wa* opened with thfa switch 
waa greater than witll the air-break switch. 



110,000-vol.T tub Ta- 
li! Pur. 4 is shown the wiring diagram for connection* 
aa made for the 1 lO.OOO-Tolt nriteh tests. Tbo power 
wna taken from one Kl.OtlO-kv-a. generator at tbn Tal 
lulah f'alll power house and stepped up through one 
hank of three :Ci:i;VUv-a. transformers delta- Y eouneete*!. 
Tba switch waa connected In the south line at the Oainea- 
riUe station, aa shown In the diagram, and opened under 
line voltage varying from (Vt.000 to 120,000. the charging 
current varying from about IS to 29 amperes, three read- 
ing* tHsxur taken at the power house, These figure* eor- 



r'ig. 6.— (batillograsa made al the time at Inter, 
rupling a J.MO k. a. load al M.Hwfl volts hy a 
It.iHKi-voli air-hraak iwitck. 



Fig. ».— An Oaelllogram asadr at the time af be 
lerrxiptlag a 1.720 kv-a. charging current hy an 
oil awitch. 



Fig. 7. — An oscillogram made at the time of inter- 
rupting an energy load of 2£0# kv-a. with an 
air-break switch. 
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MI.MO volts, 66* kv-e. 



If 



St.OM voile, 1,7M kr.«. 



50,«v0 volte, J.400 kv-a. lis.aoo r*lt«. W3* kv-a. ex. load. 

Pig. S.— Photographs of arra rising frem air-break switches under the loads mdirslcd in the oscillograms illustrated. 



respond to a kv-a. toad of from 2000 to 0000, only half 
of which was actually interrupted by th« twitch on 
aoooQfit of iu location at the mid point of the line, 
asciixaantra BBcoaoe. 

In Fig. 0 is shown one of the nsctllugraph records 
obtained while Interrupting a load of 3.000 kv-a. at 
90,000 volu with ono of the 44.000-voll switches, the 
time required to break the are being three seconds. The 
upper curve is tbe voltage curve on the power side of 
tba twitch and the lower one tbe current on the same 
side. The load waa a true energy load obtained by mean* 
of the water rheostat. 

Fig. 7 tbows a record obtained while breaking a true 
mercy load of 2.500 kv-a with a different make of air- 



behavior. The apnea necessarily forbida the publication 
of than* notes, but aavcral conclusions have bean drawn 
from a careful study of them. 

The maximum time neeenary m which to interrupt 
the an' In any of the oO.OOO-volt leata waa 25 seconds 
and the minimum 2 eooonds. the average time for a 
lame number of the teats being fi seconds. This time 
period depends more on the weather eondi lions, especial] y 
as regards the velocity of tbe wind, than the kv-a. load 
on the line*, this statament being substantiated by tbe 
fact that in one series of taata with a certain kv-a. load 
on the lines, the average time required to break the ares 
was much lees than the average time in another series 
under different weather conditions when the kt-e. load 




Fig. ». — An oertllef ram made at Ike time «f inlerruplinr a 
1.254) kv-a. ckarglaf current by an air-break awilefc. 



broak switch, the lime neee*aary In that ease being tits 
same aa in the previous one. Tha upper curve is again 
tbe voltage curve on tha power side of the switch and 
(he lower one the current. 

Fig. 9 shows, for comparison with the foregoing records, 
a record obtained while interrupting a charging eurrent 
load of 1,720 kv-a. with aa oil switch, tha voltage and 
current curvet occupying the same relative position aa 
in the records already referred to. 

Figs. 0 ami 10 are records obtained wlwtn openjac 
charging eurrent loads of about 1,240 kv-a. with two 
different makes uf air-break twitches, the upper curve 
being the voltage, the middle one the current on the 
power tide of the switch, and the bottom one tbe voltage 
on tho load side. 

The remaining outs shown herewith are actual photo- 
graphs of the area which resulted when opening the 
circuit* under the loads indicated, an explanation of 
which is hardly neceesary. 

OKNXaaL I.XIXCLtraloX*. 

Complete records were kept of the load and aeather 
conditions of each test, and tbe actual tlm«- in wcouds 
required lo break tbe are, with a abort description uf its 



was smaller. The average time necessary to interrupt 
tbe arcs in the 1 10,000-volt teets was 7 seconds, tbe maxi- 
mum being 10 and the minimum 3. 

This means that the sir-break switch require* any- 
where front 120 to 1,500 cycles in which to interrupt a 
circuit, while the oil switch ma}' accomptiah this result 
in half a cycle. This time element in the ease of tbe air- 
break switch produces an effect en the lines similar to 



a aeries of light hammer blows, and thee* blows, although 
probably not so violent aa the one caused by an oil switch, 
must nevertboleas have a damaging effect on the insula- 
tion. 

Tbe rating given air-break switches by the manufac- 
turers is more or lees arbitrary. The spacing adopted, 
especially aa regards the distance between phase*, l« 
however not sufficient, as the Uses are easily short 
circuited by the area lapping between the pltaae*. The 
distance between phases for a 44.000-volt switch should 
lie 11 or 7 feet, and fur a 1 10,000-volt switch certainly not 
less than 10 feet. The twitches tested were spaced 4, 5, B 
and 10 feet, and in many of the tests the area lapped 
between the phases, aa shown in some of the photographs, 
t treat care must be exercised in wiring up the switches 
to prevent the ares of one phase from lapping the leads 
lo some other phase, In other eases, the arm are blown 
directly downward, and this mean* that the switch 
must be properly spaces! from the frame or sled structure 
on which it is mounted to prevent th« art's grounding 
the time. The large amount of space necessary for the 
installation of air-break twitches bsjraiine <>» the foregone 
precautions which must be taken la a aorv.iu drawback 
to their use. 

It may be safe to advance the opinion that "■""JJJ 
of an air-break switch involve" a me 

the ares up 
.lone is tum- 



movetnent which will assist in drnwitic 



horns, as the beat of tho high voltage tar«'" J" lUnDI phere. 
eicnt to accomplish this only in a very ,„,i m e« hold 



With the slightest brceic blowing tliaar«'» " l exblb- 
lo one point of the horns for many *" e °* 1 ^trbe* teevtJ. 

' necHatucel 



iting any tendency lo rise. In one of th*v 
advantage was taken of this point in 
design, and this switch broke the ares lis* 1 * 
than the other*. 

It was found that a true ennrgy cnrrois a 
interrupted than a charging current of 
value under the same weather itoiulitionn 



t.lio 



It more 



resnhlj 



« — * ^1 
fjgsj same * 
.arid that » l¥1 




Tig. 10. — An oscillogram made under similar conditions te thasvc 
prevailing in Fig. 9. except another air-brtak (witch was used. 
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li«M U<»U, hiRh viiub nu.Uria.ly aid in leroakiiur the 
aiv», nw.rf-piDc tlu>m from th« hora* noun after thi-ir for- 
mation. With h«>iur loud.,, or to*.-* wiud*. bi>»vv.-r, 
tlw nrvi lai> b*twwti i,.lia*i»* with tlnr. njiA^inx uwd in 
tin-*- u-Nt* Wforo tbdjr ar* blown from the haras. 

Tin* ruflillajraph rotord* obtauncd d urine tbt** teita 
do cwit indicate that thwv it wit Inch fnqi»<ti*y **-t up 
on tlit- linos by aiivbrwik nwiMitt »)i*h m wqwUHy 



ihitt ih«uw*ilUiifnipli ilomnut »kow such .wllbltotn. and 
tht-*i* rwi>rit» cannot b* ni\**\ upon to i^taWmh Ihu fin-l 
oirwlii*iv<^y. Tbn *.pc\rk pap U^t provinuiJy refrrmd to 
in thii articitr would Ladiratn tliat til* xitrgea in the voltage 
net up by tbw air-brtak switch are not m violent u tbotMi 
ml up by an uil swiU'h, altbouirli this stat>iiK<.it W Ml lu 
linn with tbn «urrrnt opinion. 



th* >ur-bnt«k nwitfih will duubll«« h-ntaeo the otl awfe.1i 
for many hum., «m h an sootuioalijtinK abort lines, cut- 
ting in and out oquipmtmt only iwuionaily uand. far 
cunfTKWiL'y usl 1 , rto.; but whem friH|u«mt •witebinf; u 
nucM.*ssary and the time element in bruakuur th« circuit 
of wooh-qupim*. the air-brttak vwileh in iu prment a tag* 
of devolopnjoot would hardly prov* aatirfaotory. 



The Origin of the Word 4 'Engineer' ' * 

Its Etymology and Applications Considered 



I H «vk been tciuptrd to delve somewhat deeper lot" 
the origin and present meaning at the word "engineer" 
Huh my predecessors in uOcc have done- Realizing 
my own lack of litness fur Ibe task, an far n» the origin 
In concerned, I called In » apeeialUt on etymology, 
l>r. Hcrt E. Toons, professor of Homanee I-ajiguscca of 

givcruraeiit with the decoration of 
Instruction for distinguished i 
of Freiyh literature. 

! iiilote Mm *tatnu>pnt In full: 

"1 take pleasure In furnishing the beat Information I 
have aa to ibe origin of the wort] engineer': 

•• Kwrliuvr.' formerly rngliier.' or aoowtlaie* iruje- 
tut,' Middle English 'engyoeour," from the Old t-Tench 
vuglgulcr' or 'englgnetiur,' or shorter 'arutlnnur-* Ttila 
fman Middle l^ithi iugenlarlBA.' otw who rnnkiM or aim 
/in i-nchic. (■•qn-rlallr a «r eosljin. 'Enaioc' la from 



Mug 



TIk' Froiw-li wonl -iBtpnlNir.' 
-**vm*» t<i crane itovrn by n Hllehtly different road, 
frtmi tlie hjpothrtlcal Middle Latin word 'UJCeulator' 
rruirt lEicrDlam' from 'lniMiliua/ an cncliie. Or etae the 
M.xli rii French liiionil(-iir' la an alteration of tb* b«4ler 
f.TiB raticwiir.' m™thin<il In Omt pnrauraph. 

"'iJmle.' fmm Ijit foloDL' orts- a »r.lrlt, exteoaVl 
hi ii tpnii <»f »ar lo tlif of 'art' of attaeklnir or 
il.IeiidtiiiC fi.rtlfied iitarpK. awl tlien to th» arm of 
(hp Mvrvkv derotod to military or naval melnorrlnff. 

' "liWflUllT' from Kronen 'lmrenultc' from Lat iniri- 
nttlW It) h fmm 'ln£piuin«.' nnbTo bora of tree pnr- 
enlji, frank, xenenraa. lncunloaa' from Lat. 1n»» 
nloftuv.' jrtftnl wllli renins or natural capacity, Lat 
'Injtrnlom' from Old Latin 'Kenere.' 

"Aiinarpntly all |[o back lo the ubiquitous rout, tell." 
to bnir. to i*odiK*. to Kite Wrtli to. 

"MUc. remnrVa: 

"Cundderlni; die derivation of Ingenuity, there must 
hate Lnm confuHlon of iJit 'Ingenuae' and Lat Inse- 
hl<«u»" ^i"* should hp nliii<«i iifipoallo In meaning. 
I Muri'iT' an 'cnelrwr' oiubi to he both Inrnnlona' and 
ImtcunmiR.' artful and anion*. »ojil>l«tJcai»d and nnao 
pnimipnted. I-Mid and free. .Vceordine to i bo abom. I 
iJiimUl »ny thai tlic nun who iirunouucca 'Inline' « only 
atarlKtlc. 

"Ex.— 'In hyu coort »a« u (M-v traytourr. that waa 
a iin-te Yncjuore (flotierl. < Hnlllwpll, H»i." 

"Kx.— The mwf vrlui- Kim1i,„ n. of Oatlm that erer 
IW n.irld Vuew. (Butler. IG-0>,' 

• i:v -- T..t 'lie the aport to b:ivp ll«> FinfinecT hohit 
wlih liU .iwni pi'tar. (Shak., l«rj, tlnm, III. 4, 'jr»1 1 ," 

"Kx — The liiaoiipr of tilii pracllcp— wa» n I'ortuenl, 
ll'iircn. Mt»>.- 

Kroiu the Oiftird 1 'Icrtiinnri . wlih-h no iVinM tlv.n 
Ibe prcvalllnu- Ktvllnh il.-w. I Imre eilrnplod rile fid. 
Inwlnz iirtiii1t»i'ii.« mid i-x.iioi.Ii^ ,.f the nw of tho word 
"Kncln.fT " 

"Oiip «li<> o^itri^..«. d.iUtis .-r Invents Kx ltlll, 
rtiih II.iMm.1 n iip, l-ll i.'lin 'Vet y.m canii.rt deny them 
l„ !»• th,. di-ill'a pnel|.j.T».' 

"llTr., It. Clliba tn Spuiv.i.p. That trreat eiiuiwe-r 
Wiitari ' 

"A o .iisin>pN,r i.f inlllliiry iiu-lnit* |Ot~,li.fp). One 
*v>i„ d, ^Irns nod pimvtrn.TH military wort* f.ie nlliit k 
nr defi-nw. IT.'.", f.vr In- 1 >7 "a r,.nr fill •.Ironr, 

tl'.it <nii'>i^>l> piir> ii.Mirs mud.-.' 

"A •a.ldS.T M.iitl'.c tin- dli ldi.n of th* iirm.v called 
*.iii;1.-ii^.i>, i.,inn»i-,-d i.f men imlp.od In i-nir1i>vfii, k 
*»'k. Kx. I'.il-trt'a lll-!i.r,i. K-y«l Enclnorn Thl» 
day (Mny L'.'lli. I7IH. may (l,.r,.„ft,.r be taken .. the 
ure nn whlcii tlie ••i jIihit t.riin. li t.li.mmed Into a dl«- 
tlni'l i-..rp% ' 

""ne wli'-i' pn.f.-d m I- tin- dpi1|.'iilni nil J ciannlnipr- 
Ini: ,.f vi..rl.s ..r (,ui.i|.- uilliiv ^lu'ti hrldci**. ron,K 
,■;,„;. 1-, r.<ll..:n«. v.ri...r<. ili.iliifirp ,,.,1,^ en lr al 
' >•••'>•- »>.m t.V . kin, i-nth eeMltry. ,tIi. civil 
i-l fin. , r . < fr..iu ll„. nii.il*r> . 

* r '"" -dili nlli.l .Win. at the meet Aanaa! '"i.ii 

i.f in Aaifrlran B,k|- ix ^ clrtl 1 



By Hunter McDounltl 

Kx 1 7112 fmealou lU'porle ilTKT) I prvL 7. The ftnil 
uu^dliu: i.f till, new enroJItiitl.ai, the *<«-lety of Civil 
KnslncpM, wu* held on April 1Mb. 171W.' Kx. >>ldyi.ton 
I* UitrDdoellon My profexiloii of a elvll ellirtliner.' 

"A contrlter or maker of en nine* (.potlally l»* 
cbanlcul enirjnccr.i 

"One who ha> chn 
•ildy wllb rcferwxr- lo murine enrinea. In the I'nlted 
Ktulea often applied to the driver of a locomotlre. Ex. 
l^mi. lUrtMt'a Plotli.cn r>. American. einrJnecrtnr, 
•tbp enflne-drlvpr on oar nilruada la thua (riDdllo- 



mllltury nrehltoct. aurveyor. Introduced from a forcicn 



"Kudnaman. one who worka or ticlpa to work n 6re 
enjtlne. One who attflnda to a atatlonary engine. The 
driver of a kHyimuUrc." 

From olbcr Enicllah authorities : 

March'a Thesanrio Idrtlooary. -Ona ycrvnl In any 
hmncb of euxllieerlua:. To raanaee akillfally. The ari- 
enre anO art of liulldluc. maklnc and nadnjt encines and 
BBnotilnea." 

Ilnllowell'a arcliak abd ntorlucial wonla "Knain. 
wit, contrlTaoc* IUt.1 InglDOUs. Inveutlre I Johnaonl.** 
Joaerih Wrtahi'a Dialect Dictionary. "In 1IH» 

lntenulty nnd rare pnrta adventured 
who brouicht with him many rare enfflo*. The memory 
of Ibeae rare ebjctnea' anrrlTw In tbp name of Ibe 
npabj which l>e aptvura to bare dlacornred, atlll cnllpd 
the englo ma" It will he noted that luwuniont 
waa practising civil enirtoeerlnjc at quite an early dat*. 

Krom the Centur}- Metlonary. preacnUnit the Ataerl- 
enn view, thp followlbe : 

"A person aklliod In the prlheiplea and practice of 
auy department nf pnelneprlng. Euelueera are daaallled 
according to the partlmlnr tmeinea» iwrsned by them, 
na -mltlUry.' 'naml' or -marine,' 'clrlL - 'mlnlnit,' 'me- 
chatilflil.' aud electrteal' ensliwera. 

"To work uihiq ; ply ; try aome acbaue or plan uiioii. 

"Ex. — t'nleaa we engineered him with quodloo after 
ilumtUin, we could get nothing not of him.'— Cowner 



through or over ohMaclm by eontrlraiuv or effort: aa 
to 'engineer* a bill through Cougreaa." 

Through the klndoeaa of our secretary, Mr. Ilnnl, I 
have been able to incur* the following trunalatlom 
fri^n the Plctlonnolre dn la iAiigue Frabcalae: 

"One who plana, laya out and dlreOla Held work and 
f. rtlHcalli.ini. for attacking, defending, or fortifjlng 
plncea. 

"Kl.— Then he I Peter the Ureal t ha* had even a 
Mcrnicl of engineer* In a conntry where no one < before 
him i knew the element, of geometry. Volt. Cnarlea 
XII I.' 

"One who dltvcta 'prlvalel worka «r nablle worka, 
inch an the eonmruetlon and nniliitennnen of rnada and 
l.rl'lgea, wiirklng of mine*, etc Kngbiccr of lirldgeo and 
no.iH. Mining engineer, naval engineer, or marine 
engineer. ralln«il cnglnopr. 

"flvll pngliin-r. mime given ti. engineers who are not 
trained In technical scboobi or who work for private 
Industry. 

"Naval architect or engineer, one who apptlee hlmadf 
In the art of naval cv.tiHtruellon. 

Tii|».craphicnl engineer, one wbo drawn 
llvilrvigrnphlcnl 

"Ktlgtlleer fur 
nnikv^ □iiillietniilleat 

AIno, fmm Cotgravea 
KnglUh tongue: 



• Kiiglt-ner.— A deceiver, bvsnller. coujeDer: nl»o art 
em-hunter. 

"Knaln. An engine, t.clp, lm.rrom.-nt; aUo obder- 
-tan.tbiB. |„H,-|,, ,, uic b „f wit: al.,1 auttleile. fraiM. 
. r.lfi. wlllnrti. ibeelt 

"Ipcelikar. An Pnelnrr. engine mnket ; ... 

Mr. IIuin »!«, furr,l»ti.<l me the following 
from Crlnim'a lieniarheA Wilrterhoeh : 

day. 




marM. 



artful alltulating person In gencrul. 
wlsbea to bring tlermana into nil unuV-ratl 
be a wry good and wise engineer (uch 
liit.it) • WeMner'a. ankgren. 3, 16e.- 

N.i irnce of Hip line of Ihe word "eoglDwr.- or or any 
of the words from which It In derived in deeerlWng the 
handing of any of the ancient struct urea ban U*u 
foumL That engineers of great skill existed la evi- 
denced by monuiuental and written rnennla, but (lie)' 
were designated nthprwlae, a*, for example: Kronllnus, 
lu hU water supply of the City' of ltome, aa translated 
by Clemens llerecliel, M.Am.Soc.CEU meutiona "mo- 
dull" (leveters). "acientm" thulldera), "agriroenaores" 
and "geoiraHrlcir I land rarveyora), "archllectoa" 
I architects), and "Curnlur .Aiiuarum" I Com tnhn loner 
of Waterworks). Mit none of the Latin words from 
which the word -engineer" Is derived are used In con. 
nrctlon with the pn«>wa ..f building or lualnlalnlnc 
The conclusion is incrlraldo that the natue At least Is 
<xim|inratfvely modern, and that the attempt to clan tie 
railing among the learned professions Is still more w 

John smeiilua was tbe llrat i 
civil engineer I probably In 17S2).' 

In tlie annual nddrean of Mr. Charles HawksJpy. prrst 
itwit of the lawltutloii uf Civil Ear/Jramn. ]U0l. aa 
extensive qnotatkiu Is made from the report of the 

repeated here: 

often aaslgnod to I 
la errooeous In both i 
before it waa thought of, and Telford only joloed It 
aflcr Its establishment.' 

by SirveatiMi^ 1771: It Includes many 'of the inoat rni 
nent members of the profession, but It la rather of the 
nature of a iss-lal dub than of a sdsndOc asandatloo, 
nnd has no connectloti with Ihls InaUtntlan." 

To those who are Interested In the hogtonlngs of 
engineering. 1 would recommend an examination ot the 
two uapera above referred to and the following: Ao 
iinal uddreaaoa of Past-I'ru.Henta William K. Worthcn. 
' s 77 (-Transactions," Vol, XVII), and William P. 
Shinn. l-JHI CTranaartlona." Vol. XXII), also of 
t'hnrlea It. Vlgnoles, Rlt.S., naat presloVot, Institution 

Vol. XXIX)" ' ' MlBU,W 0t rrUW * dlae,L 

On page 004, of KnpisceHag .Vcica, May 20th. 1910. la 
an entertaining paper, ctititted the --trrlftin and History 
of Ihe Profession of Civil Engineering." A footrjotp 




"An appendix to the presidential address of James C 
Inglls. president nf the Itisiltutlon of Civil Engineers 
of Creut Tlrltnin. Abridged from the account contained 
In (lie Ufe of Sir William rulrualro by tbe late t>r 
William Pole. F.RS, secretary of the Institution." 

A portion of the beginning la quoted : 

'The root of both tho words, engineer and engine, trs 
foond In the Smiacrlt 'jan.' to he born, from which 
enme the cireek form yi*. and the Latin 'gem. - the 
Inllpr being enitKslled In the old verb ■gellere,• with Its 
compound "Ingenere" (changed Into liiglgnerei. to 
Implant by M,th, and In their later substantive inge 



The old Latin rerht, 'gerjere' and ingenere.' gave 
rtse to the French form, also a verb, 'a'tngenler,' Thl« 
l« of great antiquity, and from Its comprehensive and 
useful nieunlnc It has continued in use down to the 
present time. Mng found continually In modern Freor* 
wrillng». The lro|»?rt of It hss n.4hlng wh 
with .-iiKirrfw or muchlnes. hut la purely 
It la given In Llttre's great French i 

" 'Chcrehcr dfit»« -on 
mnyen |N -ur ren^lr ' 



■ «rs <i»rs«tlna hy Ofuena llertrti^l M Am fsoe C K or 
Pvrer No. «1 .mMled lUglaalaira ^ ttnrlr-rrlng.' 
Hie I B. Wslklt* A.socAavS..,.O.K. 'Trinmetto 
itet.r.E. vol. «,!.. p m. 



ttnrlr-rrlng." a, ,v 
K. -Trsnmcttea.-- Av, 



Nmt-mlwt '.. hill 
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-.Vow, nil niithuriUc* Including our uvtii ureal 
«)cni|i|n-r, airreo tlmt Uil> word U Ike U<v 
the wunl 'onslnner," and Mill- nr nrrlTe at tbe Interest- 
liiri and certainly )lttle.kr>nwn fact llul an eiiarlnerr Ik. 
■irordlot to the strict derlTatlon nf Hip term, nut llee- 
f*3uiriTy * herwu who ha* |o do with rntdne*. hul any- 
one who «evk> in Ms mlud. who itti lit* mental )«i»i r 
In action. In order (■> discover or dense souie ineoiw of 
Miiixvdlus: id ,i dllBoiH laxk he may buvc l<. perf.irui." 

There mi' walta-lobl .llvets<eliee. of uutllorlljf and uVtl- 
iilliom hi Uic «hn\-p <|nntnr|.>iiH to tivy rtxnu f<.r tin.v 
iimiiunt of iinrunienl. 

The-e iMtten. are mentioned primarily an leading up 
i,- ii .vm-MennI f the condition to which lh» proles 



«r»»i Id thin country u.xw finds Itself. There l» ample 
evidence Ihnl the wnrd •eliicltieer" U tioir nppllod alike 
to the deulinicr. of oiuiliKvriui; nor*.* and t« rho nper- 
atorw of rnirtiiL-s. It In alw evtdeut that civil engineer 
irig In now considered by uinny lo tie a lirnuch of engl- 
noprini*, In Hie lanirnnce of ihe late (Jro.er Olevetanrt. 
"It I* u condition, and not « theury, whk-h confronta 
us." We cntlhl not, If wc donlre.1. com|*J the public to 
cull lucoinotlv.. vhcUii-its -nngiiienien" or "endue, 
driver.,.- iH.r »ti.tt,.uiiry »«liw "i-ower mprrtu- 
tclldciitw." tiolwKtaJnndiliir the fact Hint r-uoli (lie) ure. 
I'rral.lcut Worthen, In the ud.lr.-H- al»,i«. referred In. 
nays: ••! won lit droit ilie term elur ,i, euibnelruf loo 
larce n prnfc*iloi>. mid ndnc 



itivrtnuic,, 



hydraulic, rallwny, 

«- "lion theZln'L. ,""***. electric. 
>•> >1U n. ttovn meZ., *"" d ' 



*nd 

neeni IdIii dlffert-nt el.wrt „ B JfJ" elvlt enjrl- 

ei.idneen. a« one, „f thc chaM . c """ not mm.flon clrll 

Hull n«,.l f , hnvv mlM 
llut weaLu<Hd Or,.,, ,i,„ » urd - C | ,.. j"° u "ort to flu. vl« w 
our we-lrtj : Imt a r-|«». r Ka «, af ' from the name „ f 
aw In Ilie oiilnlnn rbnt we aboii],, c "Mitt«r ninlln, 
llwire can lie no .iu.it.Uoii hot tb „ **««ln It I Ul( J * 
erolwaees nil elHliliwrJtut «<W|K (1^,, dv " Wurflio^w 
actual nmrfnrt of w«r. 'ilie fact r , etmnerted Ttth 
neer "In |d|.l»a limes of |.e»n.." „*' u "» "Uutar,- 
,„e e,.,l e„«,„ee, eo^O.nte. no « 



Two Phenomena Thai Are Still Myslerien* 

Am i« ttwr*|.>' Ih'Ii*\H to bu an in*uUtur. L-Ictri- 
rnJly ipoukinx, unit U liiw Wu Uurdt that <lry air Ik & 
perfect uixulotor. In rrolity, liowtiv^r, It tliit. 
[ipo|>tct.v under eiTlain nmditioiu Jiko tlnr ultrA-vinli't 
r*7, lha Raoen^oa my *oil tlw iuiluctvx- U rwlio*wtivo 
Chttnipni am W- «viiivnt ttwt i.fff« l chanr^l 

I hv iiiuii<> iuiu liiw lM«*in eivfo. Wlirn thr*« attrwti-d 
l.y ooiMhicUinf«f *i|M*'^t* niirii plured in tbctr vi.-inity tbf 
Utttn ikhaiulot* tlu ir < lur«w to th« .HwiltK tw on «*wtvt 

TLa« the *ir aad yiwc* in e»T«tnJ oimdut U«r* 

wjiea lh»'.v »pt ionised. Furthf-r. I ho tonixaiiioQ of n 
etwnouft maw uIxm*l'»D*-J to itnrtf Rvmcrkllj duappenm 
quitn rapidly ■aIx-ii (.lit HMiicjiic t<»U!«t>. ultra-viMlei, 
rndium rayf. X-ray fl, ■ t'',. ri'Mttt u* nti. Tli»- ton* of 
'•ppoaitt' ' IiAiyr (N.rnKiiw t« fiwai a ntutrnJ }tarlirU>, w 
i-imtltur in(u eviDtiK't with tlw wall* of thti nwivcr *<iD' 
taintn? the gM giw up lb»-ir uhiuirtMt. SutOi ruoditiuiui 
arc tbn«e nf pnviiiouon arxi In it tuocra) way ha>v Ufn 
verified by «>xpcrimrnt. 

But a K>'ii it comes I a precise nuianircrorntA it baa bi-trti 
«X)i>cnUo«| tltht cas or air, Itcrmvtmdlv wak^l iu a rluat'd 
riHMipu<i«, pn»itrv<<* ll« e./ticlrju(itity, ft*«M« but t*cy 
apjirwifthlc, and thw, far front dwnpjH<A/irig, *iowl> 
iftcrrawfti up to a nrrlain limit-value, reached ia MiTnrnl 
<l»y». Aftrr tbia it remains eooBtaat. Tbii fact, dia- 



WlUoni. luu pinwlod pby^ieiit* and to nuch a dofiiw tliaU 
not finding any known ran Be, it has hmrn quoted as the 
maniffwtatiini of a now properly of matter, vpoatiavneoua 
Moil at ion, wtierelty tbe iuna tak« birth apoutanwHiriy 
in the inidt^t of a fE*»oiia niaw, and thin Indefinite. 

But in rWity thrm nnod b« but littjn diffieulty in 
flndinR out the probahle eausos of Nioization if tbe pre- 
cautions taken hate been most minute, Vint wf all, 
iMvJk** '4 ira* art. likely to liav* in tlwot tra-wa of < 
lion* fr.wn radio-*»etive aubatannnt (radiam, 
actinium, ete.) and in intn>duetne fcac into a rectrfvur 
IImuu eoianaUotiK go with il ami »rt> eauseti for tlie |>ro- 
ducfion nf uiruL Alw tho aalU uf .oamkIb that have 
been exposed to thn free air, befoni exrwrimenticia;. arc 
probably eoven*l with a depuut of radii Koetivu mb- 
Btaui'e*. which, iu belnc dJwipaUnl. make the irae a eim- 
diwt.tr, The walU of the ovuUlitfr may furthor eittm uM 
an urtintfi af their own, whirb deptrndx on tbnir nalurn 
und va the impurities they contain. .Such action {of 
imjKjritHi) would be at the luaunium for lead und tin. 
at thir. nun I mum for alutniiu'tim and zinc ami fwblv for 
iron. Thti* Uir> inntanlion of within a roecp 
may he toflueDned by thn ronttmt of tbe nxterior I 
by KoenUcun ruyi and sinulur ocxn, and by the ramrau 
raytt of rndiujn, wbieh eau traverse Llie walls aad prudure 
tbeir fiT««-t within them- T!w*i rayn *im vpry pPDntrav- 
ioK, and thnreaT»fi.w alwtaclm that will really utop them 
Tbey may, bowiver. be rxrludod by jrrwtu of k<adl. and 
if one will exj?crimmt by incUiMQC the rvcepta*-). 1 in 
HereeoH of mrruattitw Uiicknew tbnp' will W obsm'able 
proern>mive diininuliiwi of ionization down to a value 



It in neetw.ry iu if>ttii« at tbt. truth, in eliminate 
eti'i-i*uisely all »>iirh 4i>ure<M of ioniiati-:>n, and U> l<*ni 
wlu tb*T in their al*»en^c tlun? will ntUI exist trnew of 
thin kind of uetivily. 

To ckMD-^ inurtial «JiKa«^w prtipurly w^lpu]**rin« u 
rrtVn'hL InpiU / wiih w tubing aith hydro.^hloric acid, 
uutiY and aniiii»iiiu aod oleobol, and the rndlu»a"1iie 
th poniU will lia.i; di<Appt«rvd. A hIow llltratiouof the 
thir, ha adruitl^l thhjiicli al.M»r*.«nt i«rtloii i-r otlwr 
porwiN material, v. 1 1t ketip out mruuintioufl. As for the 
re*f'pt**;h p, wluU it i* qui to j>rohaUu that lead will 
cm mi tain radio-active impuritieii, ibvrv tmna to be no 
re«sond for qiie^ti'iijcii: tiiout ollvtr itfUiiU, notably 
aJuminium at^l ?irf. ) )f tin- latter mAfiy Munphx l^-<tod 
lia\e hIhiwu ei*.i-o»iul.ly uniform quality nu»j*jp<»tl hy 
tlw ionization that rite* on within tbeiu. With the 
<|ilitlit> \X iiiiiLenii 1 . <yf the n^vplnelr n-eotrtd, radin- 
frvim tli» Mitu.,1., rr t »y b»- Htopp«*«l by aihquafo 
>. nf irti'Utl opaque tit the radintioiifc. 
* X. lk^taHe, 1-ii.*um.i> MouipcUfcr. la Cwm 



VVIwn all thi% u d-ine, ami all pr»*<*»«ltioiuj taken, tbe 
fa. t rvmaiiiH that tluni «ili exwtn a rasidiial. p«rro*i>eut 
iooinatioii i4 n value of about half that whieh woold b* 
i>1wrrvod with the same teeeptw-le eluanned and Ailed 
with inaetivn atr awl U4t linpnjtwte-J by nttwiu. 

This lends iij to the eonflideratkm of the methixl of 

always v«<ry weak in e.jmpari»oa with theeonduetivity of 
frwi air, whieh ie it*#*f *tnall wbeti refMTed to the value* 
ohtaiDLHl for the ioniftatton of g»* in the lalt<>ratoria* It 
is therefore Denr^mry to have reeiHirsn to a very woitdtnw 
eUif-lrvMeopv of small capacity, to dixposed an to avoid 
lo9wts through the ewtiduetivity of snpporta i 
of exterior cUetrofltati^ option It U ne" 
r.i work with a voltna;n gtufBeiefit to maintain the exirroBt 
t.i *AUsratlon tlirouirbiHit the measure*. 

The first ohtwrieT* metuurvdl tbo eondiietivity af the 
pax by tho lo«t nf rhort.> |xr unit of time, Hi'lir-oWO by a 
very < 




eariation in potential diixina; 
electricity dissipated can be 
p eormtp''ad1ne number of 



of the ole4?tro«eo|ic<, and thn 
aeiven lime, the quantity < 
d«*dm*t4l, and tlaerrfrum t 

It 

Tho figure «bnw A one of thrae arrancemnnU, an cloe- 
trosrope with cold or aluminium leaf which is rrpelled 
from tbe verticil plate, f\ The derioe is held in )4ave 
within the rvn-plwlv by the aire A, whMi pa«»e« thn>ucli 
a ilUk of ohoitib . K, and in tiwnlatod; hy terminating in a 
button of sulphur. 8. Thn nltvtroacopn is chargnd by 
of the bent wire. C, which may bu turned in tbe 
ebonite cork so ua to make or break contact with ^. 

AiM'aratiui .if itn«AV*r preeUioii may I* nuide, Vwt It i« 
not thir purport i of thin ortieln to diicuas it. The unjtgtm- 
tiim here U nm--ii-Dt to iireseot tbo principle. 

Pa«imr to the eoiL-ideration of the pruieipal reaulte ol 
wlm-h tl>e-e delate mimvtt** i-tfimt the eetah*l»hm«iit, 
ektiiaatm havn been rnado nf the number of ions original- 
iiiK iter gerund in u eubie centimeter of tras. It should 
b»- r. niertibervJ tbal the ehnw of each km is suplrosedly 
equ.il w an Oen>ei.tiiry eharg* nf elwrtrleity, 4.5 X 1W-" 
t hi tr.Mtatie unit C. O. S. 

A jihyneixt, 11. L. Cook, working with a oomposite 
rwM'ptaele <»f abiKjt one liter capaeity, Uie walls of which 
ha.) been rarefolly cN^iw-d, olawrved 1 1,3 ton* per cubto 
4>iitinitl4T nrr »>e«»ond. But by aurroundiog the rceep- 
Ui*-hi with a lead envelope xufilrioatly thick the uiimlwr 
of ioiw was rtsluced to 7.o. Tbe exeeae. J.S, |k the iiiiitt- 
Ur intt-reepled by the lead fterven In Um» »«oimI «tX|»eri- 
ini'ut, Atiothnr tiburrer, MeleimnvMi, exparimnnte^d in 
tint UlKtrateiry of tm> University of Toronto, near I^ako 
Ontario. The measures made above the lake have, 
always Riveti sumller .aliiee, tbe water, Uk* the lead. 
hwihIuk to ae t a* a w-ruuii to the royiVrioux ray* which 
tu.\ .i U>«in colled |kmu trnliu^r nuliation. Under tbe most 
favorable efiaditions. with a xinc retxiver a«lt eleanaed, 
and with the clinunatioii of the effwt of tbo «oll by the 
watem of the l*k... tho product of lot.* m thn rv«>.pt*elH 

til*y It redli^-d to I V 

Miin r.ttviitlv *tiU tu<i nn. iLti>tk, Siiupion and Wright, 
durirur a voyai;u from Knctaod to New 2U\alaod, made a 
serka of mtereeUue obmirvatioiia. Iu Uiw opoo oeean, 



distant 1n.m the .Iuipm. tbo prtHi Uftt| - ^ 

uniforuL vurrimr from G to 7. with #a quit* 
jBuorai,wjii«iroraow '* w '^n the mean outat^ g # 

rhkt w»** always Miialkr tlum thn noimf upon ianrf "TV* 
erapliasir* the differeoe^ the count* obtaiiu*d i a ASrtrl* 
may be quotetl. During a stop at Cap.- Colony a trip 
was made into the interior and at Matjwtfontein * number 
<4 mwMureoiente gave a value of 12.3 or 6 mow tons than 
that on (ho sea. The number 6 repfwntt. the penetra- 
tion cfleet of the soil or land radiation, if one natumee that 
of the \x*scl and tbe tea to lte> cero. These oburvatinitia 
>hi>w that tonifttition was always stronger near the coasU 
where it was about « lotu* while it regainoJ Its minimum 
of ft only after the ship had honn for a considerable Untu 
at sea. 

From all them observations and investigations thorn 
are to lie reached two general coiidujloiu; first, that 
exterior* send rays eapahl* of traversing th* walla of 
re. a epUielns t and sueh radiation can he otiminated only 
by usiag preeaulions whieh reduce the product of ions 
to about 6 per cubic centimeter. Those rays eonsU- 
tute what utay he termed penetrating radiation, la 
addition, even whim tbe known causes of ionixatioa hare 
all been otiminsted tbe ionisation af gas in a closed reeep- 
taefle does Dot enase. but remainu at about A ions. The 
rvsidual loalxullun ni*y be b-rnvod spontaneous, 

VThenos cornea thn noDntrating; radistioa? Examining 
the radio-active sxtbttaUwes which exist in tnns in sua- 
|r»*Ji*ion in the atmosphere, a prufouud inveaUgation 
r»n aooount for no more than 0.1 to 0 2 
They do not sufBea to account for the 
cause of the effect obeerved. CorinuWiug aln) the 
deposits of radio-active subetanci** in tluer tfffeet on the 
atmosphere, this Is at vnriaWn as the deposits themscuvea. 
They might amount for rr*ular or accidental variaUona 
in the reeeptaclos, hut only of the order or 1 to 2 Ions. 

Finally one must oonskltr a radiation of the soil itself 
In IU su|>erneial lay*r*, with on intensity probably vari- 
able within fairly wide limits and which might correspond 
to 4 or A ions- Research has been made also as to wheth- 
er the penetrating effect might but be due to radiation 
of txwmio origin. It Is poa«il4e that wue-h radiation oxists 
but it doe« not st^ou noresaary to invoke it to nxpiatn 
phenomena very near tbe earth's surface. It might 
intervene to effect limitation nf high strata of the atmos- 
pbere, but even if observation had shown its existence, it 
may very well bo left to one side for the proaent. 

To what origin may one then attribute Oie spou- 
tanfoua ioulsatlou that nianife*te iUeb* in cloned 
oven after extreme proeautions have boou taken to 
sulate against all external radiations? Thore has 
suKKested a bypotltctas of a sort of spoutevtivous rupUire 
of wvwral moteruiw, whieh. in exploding, projoet outeAdo 
of themwlvw the elwtronB that tbey UBVinlly ™ c *T q 
Such a hypotheiw would suggest thmt bo^v y 
molecules nf which contain a great uumbor of e ec 
ourtt in conso^ee to be 

pi'Alor araounta of (oiitMtioo In t ho c ^ c «uiA«r 

It » Inwi tlukt whili- Uiia angifttition doe* rt*** 1 MAueb 

uliona. a» 
t , u piiowB 

-e>rtl 

uhenoineD» 
M,ea tnM<y 
.. k , with ttoe 
active. But thi, acaiu doe. not ant<m W „,j v ity 
pliynlel.le, oven wiih tlw eitaosiotx of nA'**~ 

and rubidium- iM xt>«- 
Undor the cireumsliuiL.e.. why not culifoej* , fclvi* 
iuhsd and wait until .keadve exporiruentB elU«- f.-yr* 
quaetlull. wlvii h i» flll.^l with illl.-TL^t rleflrtt^ i t=* t.l»Wlir» 

tUilwmy Si|(nslM. 

faoia the n-i>irlJi vf Uir luteruUite Com men* " *-* 
lulutoo It »n»<tn Ihero a/n tiloe* si«rill>l »<«t**>*' 

lii the riilted xtnli*. of which 1.17U are o|«ra(eii !->/ 
iwwer In thwe naii.Ki. there are lil'.JV^ opera tL3.nl 
leiew, amkllit an ai eraice of IT R-vcra to ,. M c* »tat_tc»/J 
Ii, the operntlon of tniw aluth.iw " u ro,u/tfpd tW*t 
ln»t year BiBS rnnulni: jdmi«l» clven. ; 

iltehlng ulcuafe. 3.15T oilier n\grutU~ There. 

He and 1-7.29, 



lyuit 



the ratinr of unprolablc it docs not b*^iio t« 

One tuay eonly make otlwr eitP'* 1 
tlu.1 of W.*d and Campbell, v"* 1 
that all mnuln are in aome dogroe nv.' l<> " 
vould eaiia. no aatoniahmcnt to fiud t "° 
within the roeeptaele whose wails ttro thoi" 5 
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Nvrembrr ?, 



The Dawn Man of Piltdown 



The fouilJ hiuaan remain* discovered several jean 
m«o at Illtdown Cocnmcm, near Fl etching, Nassnx, F.n$- 
laud, have continued to fire rise to considerable con- 
troversy which ban taken several direction*, of Unit 
Importauee la tbc question of the *«e of these remain*, 
anil In conalderlnf tot* U»e nu*Be*Ulou that haa been 



Was He One of the Missing Links * 

made that there waa anything In the nature of a 
"plant" or a hoax inaj \*» dL«rcipirded In view of the 
drcionstanccs of tbp discovery, but thin apparently doea 
not preclude the fact that tbeae remains, really bevoog- 
ItiK to a ranch lat#r period, may have accidentally 
reached the place where they were found . ami (tie 



fact that there were no trace* of any of the laravr, 
ami more siitatantlal and durable portions or the 
ton, appears to have been entirely overlooked, although 
straM ta laid on the pro*e«e« of "oolltha," whlrh tfcu 
iDillvldunl mUbt have nsod an tools. 

Another point of controversy U aa to whether ti* 







r »«. S.— Canine tooth (eaat) of the Piltdown anaau 

M> la cwHrlHO with tfce left upp*-r <£i aad riaht Wwre 40 
ranlsct «f a fnnate nraaa. Natural else. Tat lower eaolat U 
iwnH up*io> <1n*a to fSrtllUt* <nmp*rt»»o with the «4h«r* la 
4 thr Hp «f Ihr root I* rectorrtl. A\ 0«. O, ti-ra frnm the eater 
at latitat «id> l*. W, t* — • from ttw laner «e llegual Hoe. 
ir, worm rarfiee- 4*. W*. f*. i*»*a from the front, or tntrre 

iMatsafl^ 



I.— The Piltdown man in life. A restoration by Prof. J. IL Mit.rrxor. 




Fij. 2.— Model of the Piltdown ^kull aa reeonatritcted by Dr. Smith Woodward. 

■Vo from tli.- Irft mtUt . OBr Vtlf in. turn I »tic. WlltUm* t'olt*rtli». Antrim* MaveUiit 
•iv* dun araaa rnpr^wut ta** p4.rtl.mB pre*rw*a La tw uriaiaal f««Mii | the liaht ar**> 
are re*l*rwl. The )n«rr Jaw lMi-*pt thr frvnt part i U re»iorr4 from the oopotlt* Ode. 



FiK. 5.— The aame three aperlmena of Fig-a. 3 and i, viewed front above. 

.tlihrerUllon* Ik prrvkM* fleam, alto. 1 i. * *. ft. nutp* of toe lowrr umltrv : m. 
•vcdlaa pliW| •. tTvtvn edge. 
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portion at the lower jaw, and th* apelike canine tooth, 
rightfully below to the portions ut the brain case, re- 
covered ; while the main dlacuaaloa relates to the 
reproduction, or restoration of this skull. 

The facta of the discovery are these; Several years 
aeo Charlca llawson, F.S.. F.G.8., botUod same peculiar 
■lark flints that had owl) lined. In the repair of a rood 
near I'Utduwu Common that were not usual In that 
district, and on liurulry learned they came from a 
gravel bed on a neighboring farm. On a sutiarqiirul 
>lalt to this pit he secured a small portlou of an un- 
usually thick human [arletal bone, aad later found a 
larger piece Islnnglng to tin- frontal region of what 
Traa assumed to ho tha same skull. The Interest aroused 



by tlesse nods led tu a careful search of tha surround- 
ing null, and of the spall heaps from tho pit. with tbo 
result that several other portioas of a skull were found, 
as well at* the right half of a human mandltile nnd a 
Mints t'unlnu tooth; which portions have all been as 
seniblecl In a restoration of the skull of what, if the 
assort e*l facta are substantiated, mast hare been a 
human being who existed In the Paleolithic Age. at 
"tin; dawn of the world." as It has been said, mid at a 
period fur earlier than any other known Iriillciitlniia of 
human life. 

The facts, the evidence and the arguments concern- 
lng the various features of the Plltdowu sprcinkon. 
which bits by same scientists been declared to be a new 



named Eo.n, hrot>V4l „ ar J" U '^ «uk/ whlch ,,„. , m .„ 
imrually by I> r . William K * ««Ve> „«,„ ,^, Jei lo ,, , m . 
paleontologist, „,„, publuim * " rt -*r« rj . the ~«11 known 
./oaraal, to w»,| OIl „.„ „„ " Ul« AMKnca „ »lu,ti, m 
"■"•d for the. following 



summury and I Hunt rations. 

The Question of (he geologic,, MAPr - 
lirated specUneiis Is aaturnUy °t these now ^ 



nraieu specimen,, Is naturally or " these now 
ha* been inispor-texl by some tii„. Import »« n~ 

m< old ul all ; Hint they may „ v **°>uclMly rjbje* 
ute Iwai, a nejero or Austral | M < * n "fProHmt j, a2aJ? 
opo-Jaw. artlnclally f<wslllre<I 1 ** a " and „ . 



""•I Tlhlatlal 



'« ri- 





ng. 3.— The Pilldowa lower Jaw. 

(Ill frsm s mst In lb* Wllllsais i i..-iir.ii nimpsnsl with the Jaws of a 
IfWlf nrawt stsn (4> snd uf s niittliru rims laisrvl (O. Rllfnul rtews. 
lhi»* fnurta* at Ibr sstsrst tis*. Abtirutlalluus : sir. » r wfks fur third 
ksit wnlsr : a. r., ssii-aills* rsuius . c. otulss | ak I., eealral lsrlMir ; si„ 
raaayli ; f. i., Isli-ral lacltor | aV ukj arM. teeond. third ksvir aolsrs . 
a y a, Bnt aad s«vh pmuolsrs irualvaleet to the third sad fourth 
p r a asw a ri of loser aasimalf). 



Tig. 4. — Lower Jaw bones af the Piltdown nan. of a £,fB, *^L <,r " 1, 
ulaa aad of a laodrrn negro, viewed from the in r ' c ' r * 

AhhrrvtoHnnt in In fu H; abs\ sir. e. i., sUsolu* for renins I ^ >(M M 
toey caln ; a, I . r'nul tsbtirrk- ; m f., BMBIal Isdrr \ 1. r> d' 1 ***" 
teni|Mirst w ; «. m<i1iis Ifciuusti synipbrils. 





Flf. 7. — Teiti|>or«l bone« of the Pilttfonn mnn (A), of a negro <B>, m tl of % frmile 
oranx-ulan (O. Two third*, nalural Nile. 

mr. «., •rtteutor f^inr-*<r ifnr Wwir $twl ; #. r, mrnthl filial ; «. m., n|>rfkliiR l»*dl»jr Id 
tnldilta? mtt it. 9., tl- r-vn iwini (for u,wvr Jiw> j prt , Wiof nrroria<tlD« 1ri1*roftI ««r ; «f„ 
pit for fltjrlold pronco; (. 9*, tr»P-«>r p»«t»: ro«it of *nvm«tl< mrch. 



Flu. Iiilem.l ca»! of (he ri.»rfo* n afculL 

ffcg CiHv riMM parte »r»? rrf>T«»>-Bt47«J J" IV ^orlg-JJml, t||#i 



rr.r i« n-tfnrrnt After Klllot HnilliL 
l*iti rrpra*«ro|a t»*» jaTsMiTr* fur tbe 



TO* fcraiiri.tQn. 



v 1.1. ii irt «• Un lastr avrnve* nf tP« ,,r * J>_ **»«- 
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ararcl bed. to fool the scientists. Against this i 
lion tell the whole drrumbitiK* of the discovery u 
above related. None of the experts wbu have scrutin- 
ised the specimen* anil tl* t]raiel-i»ll ami lis surround- 
linn has doubted the p nulnene«a of the discovery. All 
agree that the Dawn Man dates at the very latest from 
111* Old Stone Age. awl for I 

1. The dork stratum which yielded the 
mains also cmtnlned a number of mammalian fossils, 
n prcsrotlnjf. a primitive elephant 1 Sttyodvn I, a manlo 
don i \! -i*todan arvrrncntu ) . a rhinoceros, a hlppopot- 

stcinnliin IsHotwceil lo B|*ciu* which M laWUllMlMIt 
uf the Pliocene Epoch, and on that account Prof. Keith 
nt Unit regarded the humtnii remallv* as equally old: 
lilt Mr. Huillb Woodward and Mr. Dawson maintained 
that the niAtrtodon and rhinoceros teeth bad been 
Into the gravel lasl from an older formation. 



1. The jaw was found In the name stratum which 
bad yielded the skull, ami witbln a yard of the exact 
Mj-d where a piece of the oceiHIal bone wan found. 
Subaeiiucuily the nasal Isaies and a canine tooth were 
found In the name place. 

2. The Jaw awl idnill are foodliied In the same man 



H They ware found In an ancient gravnl bed contain- 
Ine the debris of older deposits. "As tbe skull nnd 
lower Jaw are very little water worn, they would not 
have occurred In close association If they had been 



Inally entombed" (Smith Woodward I 

4. The aucijeetlou thai 
human, the lower Jaw belonged to 
«|ie, la not lii harmony with what Is already known of 
the fanna nnd climate of Europe during PIclsr.svnc 
nines, Thousands of mammalian remains of 




Jaw of a hitherto unknown type of anthropoid ape 
should la- washed Into tbe same travel bed with a 
human skull or conformable site, and that nuth sliuuM 
lasMmi' n.iliu-nilixc.1 In tbe same manner and degree, 
may he recanltsl a* extremely small. 

IV More direct e-iideiar* thaw ihn. lower Jaw, In spile 
of Its apelike features, U really that of a human bclne 
Is furnUb.sl by tbe measurements elven by lir. Smith 
Woodward Inf. ril.. |x 13(1 1 . 
tai the whole nearer t 
Jaws than to Utm uf full grown ape*. 

7- Tlie lower molars awiroscb Ibose of i 
relative l 

(•a indicated by It* alveolus), but 111 I 




but In 



l : lipcr PlUsx-uc or PleUtoeenc Axe. A fracmenlury fos- 
sil untler of a red deer was found near by. but ila 



i •Eoliths," or lrrettularly fractured tllut*, were 
al-o found In aud around the gravel-pit. 

3, One Bint Implement of Old (Hum Ate type was dls- 
•vverasl im titm In the bed which lies Immediately above 
(bo Dawn Man stratum. (See also rTe. 11.) 

In brief, the discoverers of the IHiwti Man finally refer 
his rrtnnlns to the l-nlieollthle (Old Sterne) Am,' but 
the more precise date U not settled. 

The broken pieces of the TUtdown skull were com- 
(sired by Dr. Smith Woodward with various as—isos 
types both prehistoric and modern, and under his dlrec- 



thls hbehly varied fauna tbe anthropoid apea have 
always been conspicuously absent, and there is no re- 
any of the race ever I 




Ibolr nataral positions and tbe missing lairla were hypo- 
Ibcllcally rrntored In clay. As shown III this reconstruc- 
tion (FUt. 2) llic-e missing parts I 'Indlcatiil by the 
white area,) Include the freol part of the lower Jaw, 



iceih and the face. Kln.e that I Hoe the nasal boom and 
ui»e caiiliie tt*ah have l*vu found. 

Tls' iu.e.t extraordinary, unexpected feature of the 
IMItdnvm man. as thus reeuustnietcd. Is that an esscn- 
llallv human brain ™«\ with a well-rounded forehead 
mill with tboruaehly human (iaiisir.il and i»- Ipltal 
region. I- .vmhliicl with an o-setitlally a|s.-llke lower 

Jaw. with apelike teeth i with an a|»llke face (the 

latter hypothetical). 

mo |M ataUOi J «w annvvn with tiii m uan 

aaAIK-CSSK? 

Doubts ami crttli-isma wen- raised at once. Doubt 
us to the assiaiutUin i>f the hearer Jaw with (be skull 
was expressed by several authorities (Sir Itay I.an 
kesler, I'n.r. Waterson and Prof. Schwalbcl aud is 
-Till cnli-rtalrasl by many cociserratlve anatomists. DW 
this ins- jaw really belong wild the human brain-case? 
<Wd an ape Jaw articulate with a liuioini Jsw -tket r 

llrlefly eunimiirlxsl Has |ieliirl|s>l Iteno. of evidence 
lienriiir 0.1 IhU ipli-sllon are us f.illosrs: 

• Kiippleueati.rr X^e an tht INavmery af a 

II I Mall sua MasOlhl. si ■•lllasnrn (XlMuelf 

Soc, l«sJ.i=, ist Ux, 11114. pp H'J PS 



• • .• • ..■-*>• ..• 



am • » I o ■ ' • m- ' ° '-n° — ' -« 




1 in 11. 1 liar ram of aeetlon of itravel-hed at 
IMltdowa. After Dawaan. 



I. Knrfare sell, wild flla(s; thbkaess. 1 foot * Pale 
yi-llnw ssnilr ksun with avavvl nsd flints Onr I'slew-mhtr 
woehad Itlnl aas fiumd la tbr nilililH- nf this tes( ; tdtvs 
ansa S (wl a la. t*s. :t thick t*««a snivel, with Bint*. 
I'lluti te rnU-il t.^slls nail >rn«nlArte«s vwiiisIsm. X*-iisr 
I— til. -i-lllh- .u-l ..... »wl.O S,„| . IB ln.b,» t IMk 
• . Itow «•> sud »i.ud; a (acbtw i Uu.UnlUfb.xl .until nt 




Kie. *.— Projections of the braln-ei 
Ihe rear, aa reconstructed hy 

I (A). Elliol Smith (B). i 



(C). 



tlaltcned worn surfaces with very 
reirall humuu rather than i 

down Jaw as compurrd with theme of the cri-at apes 
were more *lei*!er, lens expunded Iniuavenicly, and 
sunpnrteil by mure slender pillar* of bone. In this 
feature tbe I'Utihiwii Jaw is more like tbe average 



: this. In many ways, apelike Jaw on 
to a human ctenoid, or uisjst Jaw socket. 

0. Doubts have also ts>en expressed as to the uaao- 
ciatbm of the remarkably apelike canine with tt.c other 
Plltdown remains The cranlne, which was discovered 
by »\ltbcr Tellluiril In tbe place where the other re- 
mains cnaw from, was lihuitUleil by Dr. 
wanl a* N l. .lining In the rlsht side of Ihe I 
but an ahi.wn in Fin. (I, by <-t*iiparli.ii with (he uiaper 
and tower canln.-s of n female ..raiiit. Its rescmblanci's 
arc on tbe whole choer to the left Ui«K>r 1'aullHr. as 
ohscrvisl by Mr. A. Anderson. If It l». an u W ief 
iwnliie Its wcnrlni; surface Is such that the fleet lower 
bicuspid which oo ]i»lr.J with It must have tioell elotia- 
ate and promlneol and mil. fa more nnthn-|sild thai: 
human In shajar. Taken In cnuuecthin with the t".tal 
lack of 11 chid, and with Ihe stratlhlm -a of lru> imJnr 
l...th rows, this IIKll.atee Hull Ihe lower lalrt of the 
fsis. and the dentition were eien mure a(wtlkc than 
in Dr. Smith W.ssiward's iv. .wislru. tl.-ti. if the canine 
U- an kismt isie, this would lend to omflrm Ihe aaso 
of the Jaw with the skull, la the opinion of 
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r to tbe moit csmtjoreralal part of the 
DW OH Piltdc/wn mo have a small 
as In l>r. Smith Woodward's reconstruction 
l Fix. MA ) . or u very Urge ■« as In Prof. Keith's reooo- 
MlMllMI (fit K), or one or liileruicdlatc type »h In 
the drawing published by Pluf. BUM Smith (FSB. BBJt 
Viifnrtuuutoly *eieral pieces of critical Imiwrtance are 
nilsalug from the middle at tbe skull top ami this has 
made Ikxwlblc tho markellv different results of Smith 
Windward uud Keith, for If the remaining pieces of 
tho skull-top nre placed claw together a* by Dr. Wood- 
nanl, tho brain -will no 11 very small oar. estimated at 
1.070 ruble centimeters caisteify. while If Ule»e ssnuc 
pieces be tilted upward and moved farther apart oa by 
1'rof. Keith, the brain caiou-ity will be oa large n» In 
many modem men, namely 1,500 cubic centimeter*. 
The subject la an exceedingly dlnVnlt one, aa the 
"Titer baa learned to bl» cost, after lonir efforts to as- 
semble the ea*js of the sc|«rnte pieces In their natural 
positions. |t may be Itrtetly stated that the writer In- 
cline* to the reconstruction offered by Dr. Elliot Smith 
(elx. *B), which nioWs tbc extreme naymmetry of 
the lUHlMaHl hiil.es or the brain cue noticeable Ui Pr. 
Wivslward'a reconstruction, and gives more space at 
lli«. top for the coda of the meningeal vessel*. Dr. Klllot 
Smith has aim discovered certain marka on toe Inner 
surface of the rrontal tone which appear to aetUe the 
texed nucstlun of the location of the median plan* 

TUB PlLTPOWS UA* AS O.VK OF TUB "M18BIN0 U5W." 

Aa Mated above, the temporal boue iiimI Its mastoid 
PTcea aa; the back or the bead and the whole brain case, 
as well u* the brnln cast, are human in character, 
although of low type, while the lower Jaw anil dentition 
are prevailingly simian. And white this regional dla- 
IHbutlon of human and simian characters was unex- 
IMs-ted ami In a wny uiipret'euented, It means, a* Prof. 
Klllot Smith baa noted, that the erect poise of the body, 
the freeing of the hnnds from locomotive functions, 
and the human development of the brain 
nted In the Plltdown m 
slmluu ill Hoi Ilia of MM deutlllou and Jaw. 

Wliether or tod the rilbVwu man could talk Is an 
open question. Pr. James Hohlnsnn 
that in modern man the 
clpal muscle of the tour 



■apply and that tills arrangement permits the 
ly rapid uud delicately coordinated movements or the 
tot>m>e> In sissakltig, wlirreus In the apctt thl* mnacle l» 
u»li-h smaller ami lew differentiated, In modern man 
(he muscle Is attached lo two little tubercle, on the 
Inner .Me of the ehlu. known a» tbc nealiil tubercles 
(r"l«. A. g. I.). In tho Mtilown man, as In the apes, 
these tubercles are absent and tbe tongue rest* below 
Wion n shelf of none. Nevertheless It may wit tliere- 
Toro lio nsNumed that the miMuwn man was entirely 
speechless. The brain com show* In the tcmisirnl 
region (Fig. 81 an elllptlcul swelling 1' which fore- 
shadows a certain ttrently cijiaudcd water in toe mod- 
ern brnln. n center "which recent clinical research leads 
ua to associate with tbe power of spontaneous elnhora. 
Hon of sjscssh and the ability to recall name*- (Elliot 
Smith). 

woi.tTTio.xaav snirunrxxcic or 7HB pii.tpow.v back. 
Assuming that tbe yaw really belonged with the bruin 
case. Dr. Woodward very proiaTly erected u new genu* 
awl specie* Koanlkroput awMtMIl for tho reception of 
Ihls strange creature. He painted oat also that tho 
rounded forehead with little or no brow ridges la char- 
acteristic of young apev (Fig IDA ) . while the llulteois] 
forehead with projecting brow ridge* I* characteristic 
of adult oiiea (Fig. IOC), and also of the prehistoric 
Neonderthal race of man life. 1<I1>> : bn therefore aug- 
ceats that the xtlll undiscovered mid TcrtUry ape« 
whlrh wave rl»e on the one harsl to the varloua apeelea 
of mankind and on the other to tbe existing anthropoids 
prooahly hud rounded fon>bendfl and a relatively sburt 

Tror. Keith s widely published bat very <iu.»«t.*«blo 
rccii^trwtton showing the Pllldowti man with a highly 
niislcrntced brilln-caae baa given o|>poTtunlty to that 
part of the public which dislikes tbc idea of nun s evo- 
lution from lower animals, to express the opinion that 
"the Darwinian theory Is exploded." By paurontoio- 
slsts nnd cvimparatlve anntotnlst*. however, the evi- 
dence for mnn's issislnshlp with the anturopoid anev 
Is rcKurded its no longer an hypothesis. 

Tiie proof of the ascent of man from certain stilt an- 
discovered mid Tertiary primitive opes doe* not rest 

of men and of ape,. It do« , 




I by the embryology. 
„jlieroos races of ani- 
mals. To mention only a single line of evidence, the 
adult anatomy of man aud of the anthropoid apt* la 
extraordinarily simitar i>ot only in general plan through- 
out, but in thousands of minute details In every part 
"f the body. Ily o detailed comparison of tbc skulls 
of tnnn, anthropoid apes, ami Old World monkeys and 
«"*•* mammals one «cea directly that the human akull 
Im merely n s|K»«*Ial modlllcnttiai of the primitive nn- 
thropolii t TTMtt ^itj, ( hc |,raln case Inrkcr. tbe face short- 
er, the dentition weaker: but everywhere tbe funda 

the region" of^tho under aide of the temporal 'bone " 
mini and In tbe anthropoid* iFlg. 7 1 ; her* are pre- 
cisely homolocous parts throngtioot, the same processes 
and ridges, the snine canal for the Internal carotid 
artery, the same styloid pit for the attachment of tbe 
hyold hone anil so forth. And so it b 
throughout the skull and the entire skeleton, 
out the marvelously Intricate un-lilteclure of I 
sidiuil conl, and musculature. i„ , u tbc rMco i a r, re- 
splriitory, dlgrsUvn and IwPHIllaatJn organs; so that no 
matter how long one continues the comparison, new 
slinlllarltlew are constantly being revealed. 

I"aJieontologlst» and comparative anatomists like, 
wise recognise and value the differences between men 
and apea. Tbey rcullic that even the lowest existing 
races of mankind ore extremely superior to apex in 
natality. In power of speech and In ability to use the 
hand a» an organ of the will ,«! intelligence lint 
they also believe, that all these higher faculties „„. 
lou. m they .re. tltrf their beglnulng, , n the JK! ' cUc „ 
Physical life of tbe apes, that the key to » 

..* tr S!T"" 1 l " i ' i '** ts « a ' «' raanklnd „ to 
in the Primates alone among mammals. 

Such being the general vlen^lnt of 
nnd cooitiaratlve nnatombit*, n orr<s nnn} | „„ , . 
that, to «,e«. the IWm mnn _ Ut (rool fllKpro< t s 
Is Indeed a sort of -man in 
1* la one of the Innumerable experiments 

^*S Vast lslumOr,» ._ . 



— . u.„iti,,i:i quip (, 

made In natare's vast lanorutnrr. an eoriy 
the prehuman stock which had achieved a 
stage of brain and brain-ease, but which in 
unmistakable traces of „ 
primitive anthropoid apca. 




Testing Potarilj of Field Coil** 

By r. A. Annetl 
Ihe Add colls have been taken out ot a 
or generator for n-palr« or rewinding, unless they 
carefully mnrkisl. tbe electrician Is confronted with the 
problem of getting Uicm back In the machine with the 
|irirj>cT polarity. In many ca*»-s, the method of pro- 
cevlun' is to lint plnce the imIIs In the machine and 
connect tbem U|i lenlpornrllj : then test Ibo pole-plecea 
for the |iro!*>r |«itarity. but IhLs Is accompanied usually 
with oniHlderable labor, for If lite electrician is uu- 
rorluiinte enough to have a number of tbe colls of 
the wrong |«nlanty, considerable unnecessary labor Is 
Involvwl In removing and reversing them. 

A Is'ller methM Is lo test tlie coils before tbey are 
placed In tbe machine, which may be dow> as rollowa: 
Klcsi, Idin'e the colls and connect them a* In Flit. 1, then 
after cKelug the switch to the line, test the mils with a 
compass for tbe proper isJnrlty. The compass should 



tbt* might lead one Into collxtdcniblc trouble. A good 
plan is to make the tnsr. two or three tiiuea **o that the 
chances ft making a mistake will be reduced to a 

Another convenient way lo teat tho poicplccm for 
the proper polarity 1* with a piece of lroo, In 




indicated in nit- 1. ir a condition Is found tike that 
shown In Fiir -, where three adjacent colls are of tha 
same isrfiirtty thai U- It. and r are n<.rth poles, 
rhnnge coll « end for end or interchange the connec- 
tions on It. ThlM method means Hint coll n will have 
to tie rerolvtsl through on* hair revolution to bring 
the call terminal* In tbe proper position to make the 




shown nt a In Fig. «. When the 
north and south, as at a, the iron' 
tructed: If both polepleces are of the same polarity, aa 
at 0, the uttrurtton for the piece of Irun will be very 
weak, and It will he repelled when brought close lo 
Ihe rsiteple.1-. Care should be tak«i not to mistake 
Ihe weak attraction which two like poles have for a 
plcn of Iron when brought In contact w«1i them, for 
the strong pull two unlike pules will exert on Hi- same 
piece of lroo. 

A good plan U. to try the pull between any two poles, 
and If It is not very stream. Interchange tbe connec- 
tions on one roll. If the pull Is increased the polarity 
is correct, and if decreased, the polarity 1* wrong and 
the coll loads that were liltet-chunscd should he c hinged 



Again, eoo-lder a condition as that In Flu. 3. where 
colls A and «, A and P are altentate north and south 
IHilcs. but iiojarcnt colls A nnd It are north poles and 
colli It and r are south pole- To remedy thL* condi- 
tion. It will be necessary to change colls C and P end 
for end or Intetrhangn the connections i« tliem M bring 
the four poles Into the proper polarity After the de- 
slreil condition has l«-eu obtained, tbe coll may he. 
1 itaccd <oi tbe polcpicv, Just aa tbey are lecated, as 
lndl.nte.1 bj Figs. 1 and 4. After the | 
located on the isi1e(ibces, they mny ng 
with a i-ompas« to sen If the 
praacrty. 

When tis«ting for pnUrlty « Ith a 
b.. tnken |„ alwaya ™ bold It that tbe needle la free 
to move. Tor If Ihe cisvipass Is shifted from one pole. 
piece of *»pfHislte iviturlty, If Ihe needle Is not free to 
polarity or the needle will Is' reversed i 
that the fields an' or HM I 
• ll«prolsr-d from Fewer. 




When a .T.nipass i« not at hnnd for tanking the teal 
n« described In Fig. t, a wire nail may he used for 
tlx. purpose as Indicated In Fit ft After the coils 
have Is-en energized. If tbe null Is placed In one of them 
It will he majmetlmsl and retain enough of the 1 
net Ism to act as a compass needle. 

Tare should tie taken In using u ns the i 
vvlll be ea«1\y reversed In It. Furthermore. It 
t>e moved from one coll to nnother In the .-un-cd line as 
Indicated by the dotted lines in Fig fl. if tbl) wU , lIW 
of the pro°* r lwlaritj. the nail will point |„ the oppo- 
Klte direction In ailiawit coils, if two rid,,,^,. , 
Ore of the same polarity, tbe nail will point In < 
illrocttpji lis shown in Fig 7, which can he e 
In Fig. 2 




\r^j^(^ n ©f4( SI f 

^ n»r 
Haw «« delermine polanly of field colli by the aae 
of a compass or a nail. 



Frw people outside those directly Intereslist are 
I waft of the decree of scientific stndy and experlnsent 
that Is being devoted to Hying and that there are 
already In existence a number of Bait nerodynanilenl 
laboratories which have dime much valuable work. The 
oldest of tlieee Is ill Koillchlno. Baaajk, under the dlrro. 

lion of Pr. Hlnls hlnsky, At I'arls Is the laN.ratnry 

of M. KlffeL where this fsmons engineer has for a 
nnmlwr of year* curried out most valuable rvsearrhrs. 
Paris pisos'sse* an.ither latsiratory. planneii «si an am 
Idllous scale, founded nt St. Pyr tlirt.mrb the generosity 

l-nrla. At liome tliere exists „ wetl^iulpped Inlsiratary 
l.'longine to Ihe llnllnti Avlulbsi forte, and n»nll< 
there Is the admlrahls neronnutlral sivtlon of the 
National rhyslcat laboratory at Teddlngtoo. 
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Om of the thutw of (he Iio)«l Almaft ►'•clory at South Farnboteuf k, England. 

A Visit to the Royal Aircraft Factory 

Where the BritislvGoveTnment Develops its Air Scouts 



By permission i>f the War O flier and by the courtesy 
of the euperiiiteinlefil, Mr, Mervyo O'Gorman. 1 vu 
oaablcd recently Co epeod a mwt Interesting Mid prolH- 
uble day at UN K«t>al Aircraft Factory. HihiIIi Faro- 
borough. 

The duty tif the factory la nut only to drrtgit and 
construct experimental aircraft and the attendant In 
Htruineubs engines and apjMjrlenancc* for the urmy and 
navy, but to make a certain limited number of each 
type with a view to developing Ita design* till they 
are mi I table for manufacture by private aeronautical 
constructing llrms. 

Aircraft of original design, purchased by the govern- 
moot from outside soumn, are submitted to the same 
acverc teats by the Inspectltan branch an the government 
machines^ before being pn****tl Into the service, for una 
by the officer* ft thi* Rural Flying Corpa ; If tlie.v do 
imiI HiitUfy llt«' ti-vt for the minimum fadi* ->f safety. 



By Brigadier-General F. A. Stone, Late R.A. 

they are not pas-cd into the aerricu ; It may be obaerred 
Uiflt the Aircraft factory machines have a high safety 

factor. 

One thing la quite clear, viz., that the officer* of tho 
Royal Flying Corp* bare nothing to fear In regard to 
structural weak new Id any ranchlne passed out of the 
Hoyal Aircraft Factory, and may Indeed feel additional 
citfiOiUmee In tlw»*** machine* which hava tte*n ixuv 
atructcd to the Aircraft Factory apcctflcntlon. 

There are three standard design m now beinc manu- 
factured : 

1, The on*-*eater wool (S.K) for fart work of a spa- 
tial ivntu re. In which speed la the predominating factor, 
and till* type la only used by the more experienced 
pilot*. Of course the principal difficulty with such 
machine* U to learo to fly them slowly for landing 
The tractor acrew t* In front. 

'Jt. The two-*cuter reconnabiKance machine (R.K.) 



(formerly called U.K.) for the minimi work of rocon- 
notterlttg. Tbi* macblnn ha* the tractor screw la 
froat also; the euirinc la In front; the observer la seated 
la front of the pilot, and the planes are slUrhtly stag- 
gered. The artroplann design glvea a variation In ■fated 
of nearly 40 mile* an hoar between maximum and 
mluiinum. A Renault engine of TO horae-powor la used, 
but thn original «k«Ugn was wolvod on a Wolwclejr en- 
gine of the name power with excellent result*. There 
are a u umber of vertical fins on thn uppar aurfucc of 
the top plane of the latest machine, designed to give 
automatic lateral stability; tliesc tins are a siwclal 
feature of the machine, their area and dertgn have been 
calculated with mathematical precision, and may be 
said to achieve I lis aama end, which waa more roughly 
aimed at la Uin old cellular type of VoUln machine. 
The landing chaaal* la alao a *t**rlal feature, tbe two 
*klii* being rendered ritfltl laterally by an Ingenious 



Main rt»»|i of the Koyal Urrrafl Factory at South Farn borough. England, where the British Government i* 4>vcl*pfnff and building Hying machine 

for military pur post*. 
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nod original system of M»x», without any cross Iran- botanlenl garden, flenrgrtown, British Oulano. Thin 

MM wblcb would Interfere with the fret' running of l» not the true coonauut (Corns avci/itra I. tat un «n- 

the mk on rough ground or crops. Unfly (lllTnral species (iodoscM ircActlarwm), which 

Thin machine In very fast md safe. Mr. Henry Kar- l» iMIive to several nmnll lslamla of the ReychcUoa 

twin ni much astonished st seeing « comparative group lying )ust ohm of Madagascar In the Indian 



New rreonnoilering biplane (R. K. dut) hull! at Ihe Royal Aircraft 
Factory. 



Oe*»». Tlie young paint tram shown here wore mined 
from seed brought from the Hcjehcllee, and they ar» 
now about Iweniy-nve yean old and are Ju« beginning 
to bear trait. 

Tula pelni, which tbo English people call maldlvo nut 
t roe auil the Portuguese coco dc mcr. producee the lurg 
est knuw n froll Id th» world. The fnilt was Uuown many 
year* before Ihe tree on which It Brown. Portuguese 
willora n rat uuuut these Imniefisr woody nuta floating 
on the witter In the neighborhood of the Inland ou which 
the palm grown. For ninny yean* the nation*, an well 
u.i InitaiilaM, bettered that those nqln wore tlM rrull of 
etiorutoun nea weeds growing In the deep water of the 
Indian Ocean, but In 1T<4I It treat discovered that they 
were the product of a mugnlnocot palm tree growing 
only «u the Islands of I'ranlln and Ouiense. The empty 
sheila, at occoAlonalty ihe uiiH|»ri*uted fruit of tola polm, 
are. waahed down the stream* Into the ocean, end a few 
nuto were nahed np by tlie sailors and brought to 
Kurope aa a great curl unity In tins sixteenth century, 

The double cocuanat pel™ does not produce flowers 
until It 1. about twenty yeara old, whoa Ihe male tree 
putn forth catkins which are about three feet long and 
three Inches In diameter; llie female tree prod neon a 
algzag atallt on which tlie flowern are arranged alter- 
nately, nod on which a fow, or aonietlmee aa many ai 
eleven nuta are borne. Ttteaa nuta are brownish black 



beginner flying on one of theme machine* In a SO inllea 
per hour wind, and bo asked whether the pilot waa an 
old hand, and could scarcely credit tlie fact that this 
type of marhlne was no stable that It waa perfectly 
■ore for a com pa retire tyro under condition* which 
would prevent such a pilot from attempting a flight 
en almo-t any other type of machine. In this connco 
Linn It In also necessary to bear In wind tbe Immense 
advantage given hy the wide range of speed variability. 

3. Tbe latest type In tbe fighting machine, which car. 
rise an automatic gun In front. In this case It Is 
tweeaaary to have the propeller In tbe rear Instead of 
a tractor ecrew In front : tbe gunner la seated Inimeill- 
•tety behind tbe gun, and In front of the pilot 

Both this tyi>e and No. 2 can enrry armor, and are 
•1*0 designed so that every xtrul awl may la duplicated. 
In nw-li a way that the shattering or severing of any 
aire by a rifle bullet or tbe perforation of a spar will 
have no effect on the efficiency of the structure ; I do 
not menu Hint oVablcd struts or wires are used, but 
that the design Is so worked out that every strain la 
borne by more than one tyatrm of support, and that no 
Individual slay Is In Itself Indispensable. 

•Silencer* cannot be lilted to rotary engines, such as 
the tinome. am] tbat thin In a drawback cannot be 
denied; but the other ginnl qualities of tike tluome 
engine keep It still to the front, though there Is another 
rather serious drawback to the use of all but tbe rery 
latestt tyiic fur military purposes or for luikg -distance 
flying, and Hint Is Its extravagant colisumHIon of lubri- 
cating oil. The new manoaoopapo type I* claimed to 
have entirely overcome this. 

Helf-eUrtora are In tbe design of all the recent Royal 
Aircraft machines, but when II comes to turning out 
the complete machine It has generally been found In 
ihe punt that tlie self starter has to give way to some- 
thing else which, for tbe present nt any rate. Is eon 
sldered a more useful way of employing the weight. 

With regard to future developments, the cheery op- 
tlmbcm of Mr. o'ftorman, baaed aa It la on exact •den- 
title knowledge uud training, and unique experience 
of uieto-date work nud pructical achievement, nils one 
wltb confluence, not only as regards tbe extended scope 
of aviation for military purposes, but also as regards 
Its commercial value. Mr. Olinrman contemplate*, an 
a reliable Ideal, the transport of Held guns by weight- 
carrying aeroplnnes, with a view to opening Are on an 
enemy with artillery under clrciunstntice* which would 
have precluded the aid of the tuna nndor ordinary coo- 
dltlolia of transport. He Is also sanguine as to the early 
employment of eo reissue* by the peat olflce. and for 
commercial piirpoeen. As regards the latter. It la a Ut- 
ile difficult for soldiers, who are rather out of touch 
with the hustle of commercial life, to realise ihe Im- 
portance of saving 24 hours In tbe delivery of certain 
eommmtltlen. Women'- fashlraia alone offer a field for 
this dan* of enterprise. It Is only nccennary lo recall 
the lea clippers In the middle of tbe last <esitury Co 
understand what lengths those engaged In certain 
branches of lite currying trade will go to. In order to 
deliver goods earlier than their rivals. These .hips 
wen* as well found In every resins*, which mattered for 
-q*<o! ns any llrst-rnte niclng yacht; their nulls were 
frequently of milk, and no experi-e wan spared to secure 
Ike highest potsnlble rate of sinnni and Ihe quickest run. 
to larad Ihe n>Kt ,, a crop of the season 

The Double Coroaiiut Palm 

Tux accompanying Illustrations show tbe mala and 
female trees of the double cucuauut palm growing In the 




toco de Mcr, or double coreanal (male). 




Double cocoasul (female). 
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In color, often over a foot long, nearly as UiSck, and 
deeply bifurcated, The fchell U very hard, strong, and 
resists decay to n tf innrkiibto nVgrve. Tlw Inner por 

which ni"**n'» tbn accumulation of years, for the 
seed r.iiulr**. ftv.lu seven to tec years (o mat ore Th« 
f rule I* full grown nt the end of four years, wbcu It U 
soft mid nllcd with Beml'lrauspureut Je^Itjr-llkc »uh- 

Tbe albuminous HUbelnnce In the Itilcrlor of these 
larga nuls wiih nt one time helU-vod to contain medicinal 
proiwrtlea, n ud rilriilub- pi low were often mid by rtch 
Ilnllnii prlnc* for a single not. 'Hie active principle 



w.ia ciuiiinyod chiefly [u counteracting l*oisoii, hut It has 
tone nine* loat much of Its re|*iti., eseei* with a few of 
ill? poorer eln«~ca of I tw SeychelU* J»l«uiK Ii In used 
nt present In India, where It In Mill looked upon an u 
curative und preventative fur a good many dreaded 
dlscasca. At one time a single nut e.»t na miK-h us 
*»». hut nt present lltoy can lie lament for low than a 
dollar 

The double coeoauul pului docs not attuln maturity 
l*fMe It la Olio hundred yeur* old. Tbe male trees |Kro- 
dur* n cylindrical atom aUml one foot la diameter anil 
upward to twenty-five f.vi fn.|u Hie kl«o to the crown. 
The ernwn la coant«e*vl of u dense ruiinii of large fan- 
ahaped lean* twelve tn fifteen feet long. The female 



trees arc alvruyB amaller. Tlve wood la exceedingly 
hard, heavy. rtroitg. and almost tndeatructltit*. It la 
used argcly In the con>t ruction of houses timl for other 
pur|a»es requiring a durntile w.sal Tlwlr chief n» 
la for roofing ami sldlne or houses, hul large uuaiitltrw 
are eisi^oyed also r.y native women In making beautiful 
wick>-r wort, which la embroidered with Bilk from 
Muilaeaaoar. Tbn use of the wood and of tbe lop ha» 
heco so great In recent years th.lt Mw> Kiixllnh Kovern 
mem Inn now taken st..|* to preserve the remaining 
tritr. In the few small l..nllt!e* where they grow 
naturally. The leaves lire aim.*! na vnliiahle «» ihe 
woo.1 to the native*. «1... make use of tbcin for a groat 
variety of purpose*. 



Feeding the German People in Time of War 

Discussed by a German Authority Before Hostilities Were Declared 



Hon i.oao c.mld the flerruau Kiuinrc feed Us imputa- 
tion from dumi»1le products liloiic In ease her encode* 
could «• forte that Iron rlnir." of which we hate lieeli 
lleurllix »o much a* to cut off all ImjKirtlltloli of |ir<^ 
vInIok f!* man anil lienat? Kor n nuuiker of yeara 11k 
xulijeet ha* liecu rnach tlt>cume<I, not only hy Cerntanfc. 
toll by r/rcuch and Kngllab n rilera a» well. The erenta 
of the |iaat few weeki have suddenly made It of prac 
Ileal and porlenloua liitenwt. Writing Uat Murch lc 
the freaamai**- ^««rMc»cJ, fount ron Moltke took a 
distinctly optlinlattc attitude. While denying Uic proba- 
hlllty thai her port* could be completely MccHflded. h* 
declared tlernanny eoald long aupvort her pei^nle by the 
product* of her own >u4L 

In (hp July number of tbe name luasnalnn n Tory 
view U taken by of tbe most prominent 
In Germany, l>r. Carl Uallod. t/rJewfricac 
f/oaororj»ro/CMW of tbe l.'nlvcralty of Berlin. Fifteen 
yeara ago, declare* l>r Ikillod, there might haie been 
roaaooable bupe of fcueccsa by taking prompt ahd elt*r- 



banda of the dlatlller und tbe brewer to thoac or ttto 
baker. TcmIht. he declarea emptiatlcally. thla la m 
lotager poualblc. It b true (hat tbe Imparls of bread 
grain huve fallen off of late yeara, und thl« year Cer- 
miiny bua cren been eiixirtlng a large iiuoiIht of ton* 
of rye Instead of iBi|wrl1nE II al In the !ai'«. But Hr. 
Ilatlod Jirol^rly lays aire** U|>on the fuel Ihnt the 
amount of bread grain Imtwrted or ex|n>rlod la only one 
factor Iti th« iwoblcm, and tlmt no Jn»t eooonitlon of 
the altuatlon can be arrlic.l at with<>ut eonaldcrlng H 
In couiieetlon wltli the I.Mai consumption of all grain, 
fo-lder. oleaclnoua foodotuf/-. etc. 

•Tbe ImportatluQs of bread train are dlmlnUhcd," he 
»late», "but the lotul linportntlona of grain and all food- 
atulla oa.e lrem*ndi.o»ly Increnaed. In 1011 1913 we 
Imported about io.ibjo.oou tans of grain and fodder, and 
alao at le»t 6(al0,l»M Ion. of inula . v«'i"l'*< •» «» 
aliapc of 9ta),ia».«a> inarkV worth l*225,0W.<"«H of 
cattle, meat, tallow, herring, tsex. butter, and cheeac 
Ilren If we accept the tJ.^man barteft atatlatlc* na 
absolutely eorrcrt— 2«.ff«M«« tona net for lull 1013— It 
will b* aeon Umt a full third of I 
food wa* Imported . . . U la 

on to ei-lluaate Hint the (inrman nation can 
jnipply ttaelf with the bread grain needod for 
eleven inoullis In tbe year. Amply! Yea, ao lolik' n» O* 
lier cent of the fodder required by lb« necewnry cattle 
can he llaported! The outline aK of fodder llllliortn 
lion m»*na a decmiM. In Ibc milk yield to thn* fourthi 
aa much at the u»»t. while In awlue-breedlng the con- 
«,iu«ic«i would be nothing Miort of a cala»tro|ibe; two 
Ihlrda of the pl»> and young hoga omld nc4 be fed. but 
wontd huve to la 1 slaughtered na |M«5ilr>lc 

-Hence, cultll.J off InHKirlallona of food nim< a 
decrease In the conauuiiniou of animal fern] by ul* lialf. 
and conacquently a crying need of Increase In bread 
coliHumiillon." 

Hr. Hullod here Interpolutea a acathlns crltlcl.m of 
tlw method of obtaining .mtUIIca of grain yield In <lcr- 
naany. which be conaltlcr.il tur le~t liccurate than that 
of Kngland. He concludes thai the ceopa statlatlc< are 
urcTcstlmated by li per cent on an average for the 
whole empire. Thla would reduce tile yield for lflll- 
11)13 from iS,IN»U««J toio. to unly 23 h ntlllloo toua gn~a, 
or i!t 7 million tona uel He ncknowMeoa, however, 
that Hie eiwrmciia yield of |..tat.w. over 10.iXaT.nai 
totia lief. In the laM ihn« year. U an Imrorlant factor 
In Hie feeding ot the lail^latl.^n, but aaya the nutritive 
value of the potato alnatVI t>ol be ciaKcerated, a» ha» 
l«^n done by Uehrctid, HIk r.iunrka on this point are 
,.f general Intereal He Mya : 

The lailato la a '-a.-»..r.J f.»id: II ecutnlna, accord- 
ing to Kcllner'a tnbk« Ithe .wily nu.^ now uhpiII. to 
11* per cent of atareh. l.tn only i-' J per cent of albumen 
i.ti.I o.l ta-r cent of fat. ll.t.cv. Hie rnllo of .lurch. 



nll'iimcri, and fat la aa 170:2:1, whereaa Ihe human 
rt'iulreui.'UI of tlieae food elemcuta Is aa 10:2-1, and 
the rnqnliviiirnt of anlmula la not very diirnH'iit- Ad- 
vantageous as ts tbe process of «lrj liitf |HHai.a«. t.y way 
of prcaerTlug large quaiitt'So* which would otberwuu' 
rot. It doea n. a aolvo tbe problem of the nutrltloai of 
man and beaut, alnce for rational nutrition addltluns of 
ulbuntltH.ut. and of fatty fooda are unconditionally 
te.|Ulr*d. That potatoes can be uaed to replace part of 
:i hoiaoV rauraa of oala, when the animal 1« not work- 
ing, la true, hut every farmer reduce* tbn oara ration 
fur Idle homes In any event. Ileuco. tf by the general 
Introduction of p»vtaio drying 10 per cent of the crop 
now lost coold I-* aavod. 1. c.. about -l.OOO.OOO to 
C»0 lot>. Oils would be a great achlovi-ioent : but 
moat not forxet that thla l.OOttOUl to ikDCOuuUI tona of 
potnloca U the equivalent ot only about 1.000,000 lout 
of wheat or energy yielding fodder, while we Import 
tenfold that amount, linterd. It might even h* main- 
ulned that tbn more potatoes were thna aaTed, tbn more 
neiHl of Importing f<«al» pititalnlng allmmen and fala, 
aa olhcxwisc Ihe e«e.o* of potatoes would not be hal 
a need. 

To be »ur», we could raise In the Interior greater 
amoutita of albuminous and oleuclnnua crop* -beans, 

,et<b.« (wlekenl. Ihi>. turul|a., . rllloume but till. 

could only be doue I.) cutting down the area devoted to 
grain anil |iotntia«^ whlcb would hardly he ratlonnl- 

"Oouut Moltkn (lllnKi on the fact that great iiuunti 
Ilea of our own wheal anil rye are. In times of peace, 
made to wcrvo Imluatrlal enda by 
grain alcohol, alnrcli. etc, and tberefoee withdrawn 
from couaumiK ion n» f.aal. Il Is worth while lo liajulm 
Into the umotlnt of loose ujuanlltleo. In UHgl-ltllO It 
amounted to .141 oUU tons, und In 1P11-11I12 the amount 
had rtaen lo MKLOUJ tons, hut thla was lK*uu*e of the 
failure of tbe potato i rop" 

Prof. Ballod then rni»pH tbn .location whether the total 
foal value of the grain and potatoes usually dlatllled 
would be gallic) aa an axtru supply of nutrition In ease 
brewcrlea and dwlllertra were pul i*t of commlsalon- 
Tlils portion of the article U of pecnllar Interest III 
view of the fact that recent illapatcbes stated that tbn 
h»d alrenily diverted *i ta>r cent 
if dlatlllera - suppllea to l.Mtrlllve pnrianea, I'r-.r. llnllml 
reniliMla na that half of tbe nulrltlve value .tf the grain 
remains la the refuse or "slops'" frt.tu the UUL-t. More- 
over, It U tbe moat valuable half, alKV It contains 

almost Ibe total content of nihil n and fat— the very 

elementa which wonW be mrtlt neerled In ctl-a- lmr>.rta 
were checked. 

Vfjt. Itallod coutiuue*: "It k> atlll an open onertlott 
whether an Increase of fond would not be noeeaaary If 
live c.?naumiition of nloh.iJlc Htjuora. etc.. ceased- Kor, 
thniicb alcjh'jl be t«'l a rood, yel. uoeordlne to the pre- 
vailing view to-day, Its use kwiia tbn amonnl of f.aal 
reo,ulred. II la even more pt-l.Mnatlc wbellur gain of 
nutriment would result fn.in closing the brewerlea." 

Anther point ralwal by the author U that total 
llbolliienoe forced on u p.^iple uaed to liKalciute Indul- 
gence In alcoholic drlnts might c.iuw> widespread mch- 
tnl .Iniireiolon. and he reenarka that "mcula! dcpreKalon 
alone la caiMble of losing battle*'. - i"urtherinore. ha 
aoy*: "It Is well known. Tor c-umpie. thut cvrmln 
polar explorem like NniiBCn, wbo bcastiJ "f having 
nawl no alft-hol on Jyjlnr ev|«Hllona, r.Hinal Ihnt all the 
member* ••' the P»rl> fell Into u very gl.iomy frame of 
miniL "n Ibe other haniL In tbe Herman South Polar 
E«]*Hllth.|l, the mi'""* «I»rlt» *««• axeellent, which la 
Mllrlt.ut.xl to Ihe Met that a utoderale- mtloti of alcohol 
wj>. allowiHl." 

Kv. ii more .l;ii>tlc U I'rof. Iliill.aPs crlllrfslu of Oonnt 
v..n Moltke'a ciuafurtable, but. as It mm- uprenrri, mla- 
raliett aa^uniptluu ibal (leruiat.y ri frontiers and port* of 
eiitry cilld never U' completely blockaded, and 
even If they could. hIw poaseases abundant means to 



food tlie luitubi.-i'. He ^ya cuipbaticully : 

i am «orry to lai obliged to ounlrudJel tbla optl- 
mlallc view most ucehledly. 11 Is far more tru« tbut the 
provislonlni of the population would be seriously eii 
dauiered. in the Orst place, H t» absurd lo any that 
snch ii bha'kude could avivr l«. made complete. l»ocs 
t.'.>lltit von Uoltto belU-ve that the Belgian. Irutch. 
Kaulfh, and riwedlab harbors nouid remain m« - n In the 
worst case conceivable, that of tbe Triple Entente 
against tbe Triple Alllnuwf That England, after war 
had been declared, would |iermll ber merehnuta aud 
«bl|a>wners to ahowcr food niton ua rio llollandr lvng- 
llah writers huld olher views, ihey any openly lUey 
uauy. Note aUo. that to cut off 
f^irmany, Kuglnml would not even havo to 
vuiuta the neutrality of lleigtum aud llollnnd. Two 
thirds of the grain b.ata uhich «u to their porta are 
English, a fact tJertnuo writers do not aeem to know. 
Tha KueUah government Dc< 
sblpa to remain in their harbor*. 
Uclglum most herself buy 'J.raai.Outl toua of grutu lo 
suppleuvnt her own crop of 1AUU.0OO tolas, W illie Hol- 
land l.nya l.Suu.ooo tona to supplement lwr .iwu l.oou.. 
tax) tona. Hence. Ibe neutrality of IMgium and IlolUnd 
ts worthless," 

LJr Itallod then gives u valuable aouiDiary of the 
crojia and Importa of groin of various countries even 
more Interesting now lhau when written. Hvvltaerland 
produces a uuarter of a million tona and Imports three 
quarters of a million tons, half uf which la wheat- Site 
Mannheim, tjcuoa, and partly from 
-Hungary In ordinary years bua no 
ejtecsa, und In bad yctira, such aa 100U, must import 
three fourthB to «><a. million tona of vrhoat ? Italy Im- 
IwrtB. or wheat aiooe, l,^uou to LMOjuw tona, which 
in why tugllah favor Is a on Iter of audi Imiajrtancw to 
bar. UumanUf Yes, if we Were sure of her . . . 
In good years she elporla 2,000,000 Unas, equal to one 
fourth tu one fifth of tbo ncccswary Uennstn ImiM^rta 
lieu. Hut tttimania has become utxstrtjilu as regards 
ua I>eumarki The Aoafile neutruUty of l>elunurk is 
DCjVluus. Kweden-Norway 1 Sweden Importa one fuurla 
ot tbe bread gralu abe ra*da, and Norway throe fourth* 
ot her needs. Both largely d«-|»n«l ou (iercuany for rye- 
ift course. lb» neutral gralu boom In Norwegian |~.ru 
could be or.lcrcd to bring grain to Uvjrinauy, In which 
oua llergcn. Lironlheim, und Narvlek would he the 
IK>itx in case Kuglaod penuttled tbe Norwegian mer- 
chants to reap thla rich harvest of trade and tbe grain 
was sent to Trellchorg ami from there on tjermali boate 
to Stettin or [.abeck- 

"Hut for Ihnt purpose the hundred grain txalna of 
thirty cars each must travel dully 1,40*1 to 2,000 kilo 
meters over mountains that rise Into the 'eternal snows.' 
Is this lechlilcally practicable? Tbe roada of Sweden 
aud .Norway are olie-liackvd, ami even If It were tech- 
nically iHiMilhLn. It is a dead anre thing that Kuctainl 
would guickly put nn eoil to thla truffle . . . Tbe cast 
does not look very rosy for Oermany. But It Is a mayor 
concern uf the stale not tu allow half the population to 
starve, aa tbey did lb tbe Thirty Year*' war. The 
of the population, at the bust lit .tan. 
att distinguish,,! achievement of Ibe state. 



After ciunplctluc tbvsc liiiriity pratfai iviic oIm 
rjocLK, Dr. HuLtutl ua\ut wbet cxiiUtl be dont*, naH \ 
to fuilfw bla JiMnjctivi* erilicbtn by ciru»irurtlT«! nui: 
lfcflttuiu. ltuin^irklinf oh.1I) thnl the civil pofiuliiLkm 
l'uoUJ uu\ tiXHit lo rxwivr U* ful! tvuriual rot Ion*, \>~ 
coutlituofl - 

"III the ttrnt y»tir uf war tbr fxiimniujitiuo of natoit 
and iti I Ik nnuld be cut ttowa to 7r.H> p* r o-ut uf iUe 
imrmul, ovi;d lu cu*c all tb-c >L«uni; futile nii<i tfar*v 
f. iirlhs oi tL<* auliltf werr plutlittilci^l to mvt* ff*«d 
All tbe more care winJiO liave t« I* [«k»-tj not to *-ot 

th.' UlMlJ ull01»JtAV, mm ilwl ti 



Digitized by Google 



SCIENTIFIC AMERICAN SUPPLEMENT Na2027 



nisi f.-od might bo. at Wirt In port, ivpluccd by vetfe 
lablo food ihmiit). Itye nml wheat mlltfit be more 
exlinilsllvcly milled, redwing On. customary ir^ao per 
cent of brun In r. per rent. . . But wo must not 
r.irgct tttiil (he albumen of Aran cim be ntlllsed ooly Kv 
the animal mouiiieti ,i, M l i,nt by the humim: thus a part 
<if till!! tmiinrliiiit niisnml fmalstiid would be diverted 
ami serve in. l.> nn M ,', stomachs without nour- 
ishing Ibi'in " 

The rail safntnanl, Iw naiteaib, bt the laying op of 
"""■« "' *™i" "i tilttea nf pence *, .s. In be ready 

f..r n-nr. Thus dor* ii brilliant, modern economist tsko 
ii lesson ftwu JuHf|iti. tin. l.rn.'lltH, who In lb* fal years 
"f Kitypt atoeisl grain for (lie tarn years! l>r. Bnllod 
'Milks It advlssHe Mint oven III times of pence It Is well 
t.» k.*p stored ut knot J.nua<nw ton of grnln. II. 
would have emit graunrlos built Id the large ntlcs anil 
regiooa of xuinOi Another mnou for this la that after 
tbo .lulhrnak of war train service la absorbed by mo- 
bilization. Them granaries should each hold about a 
year's supply for the region served. Such roclobs of 
supply aw (lie territory nt the Ilhlnc. nf Hhlntxb Wost- 
nhnlln. Hcsmcii N".n»siu. and fu.uth Ormany. The Int. 
tcr linmgiit In l.y water a surplus in l»JIHBll alone of 
1% million tun*, of which l' ; , million (on* were wheat 
ami li DilllloB Ions rye. . . . ruder present condi- 
tion* an outbreak of unr would, within a few Wonka. 
Hliell catastrophe for tin- Industrial |«jpiilntluo of Wort 
Germany, lo a abort time rim price of bread would 
rise to a Hgure prohibitive li> Ibo nuixs of the popu- 



•The better way, tru,, stJit,,„„»i>sl l lp. would be to 
■unite preparation beforehand . . . like Pnalerlek 
tlw Greats who by a shrewdly planned system of inaieu* 
Blue* nut only ke|»t his army in tigbtliig trfna, but kot»t 
tlM! civil populnlloii at least in slut* ««o, despite tlie 



In such a pam ho rojmkler* the r.njy romeily iroalil 
lie for the rtale lo contbunie nil eralii, u» In Ihe *lese 
«f a furtroas and deal out ratlou« proportional lo tb« 
amuunt of prov|»u*iiB on hanrt, aildloi; with alnlMrer 
'■inptiinU. that a srwl Infant mnrtallte eonld no) b* 
aTol.lMl, and that donbdew the dren<led •buneer 

ti-nhi.c- i..(...l.l ■ 



In the lirlRhuorln; terrllntleii of Au^rin ■.loi<:itl.in becnu^ 



Hie iwxt imtnl ci.iii.IiKtmI I* |l.e liuiaUnr ..f im-n w bo 
Would Ik calleil .>„( nod the lliduitrtnl ill-lurl.inicoH 
»n«l cbinige* naaoim«t .111 rbU iu> well an In the «*»<n- 
llon of lni|Kirt and eniwrt inline, toe elcaln* i,t fnc- 
torloH. nte. He tiikw « very lueubrlotm view of ttto 
renult as luibla to turn liael; the hrtDda of Germany'a 
InurrelcHW proireas »nj« iwo liu iulr.nl vnn and pot- 
ting her at a lower liolnl commercially Hum anon, amall 
euuntrtco aa Finland, Kwltaerland, or lt,.|,tlna». Ha 
»u>a: 

"It U ohvloan that In a treat war, n-aged for the eery 
cxltftebce of kingdoms and uatlouti. #very a\*altat>le man 
mint ho called out." Here follow atatiatlea aa to tha 
men aabjact to njllllnry aerrtre, lOxclndlnit allena. there 
are about O.dOd.imn motet betnwn the iiffn of 20 and 
uDd of tbeae be eatloiatn that llwrn wore, at thn 
end vt 191.1, 4*00.r»W who had tile proper military 
trjliiluit. (if llx»\ ho wyo 3JCO.000 would donbllean 
be aenc to the front, and l,ono,OMW at must rrtaluwl aa 

•All tradra would be urrtou.ly aOeeted: acrlculture 
leaat, but ercn ao, at^tcuttutv would hare to count oil 
toglng l.nOO.000 actlre wage-eartM.m, and It I* a quo*. 
Hon whether thoae left could maintain liiiamdvo cutruro 
at the point to whleh It baa ut prccnt nttalDed." 

Ilou'ever, he aucx«««>. that the proiwrtioos of the 
crops could lw altered to anlt llx. tn<o.t crying Denh 
provided, of course, that the war broke out early enough 
In tile njirlnc to make (tic chansc In acreaee and tbat 



Tlu.. •henvy- 

ni>d iiunhluc ulnUlinc. would lo* 30 lo K per emit ot 
tuolr .irouieut nmi.liat the leMlle liidn^trlca would not 
ue. aorerely dralUn^L Itulldlug would c<wae. ao lbt?re 
»ould be leaa .lonsand tof lt-.n and call, bnt the textile 
would t* foici.l to ►top work In u few we*k« 
ol the lack of ww unite rial. 
"Xltfc and cotton fnctone* it«-|wnd elllirely oa fordtfli 
ul J|Njrta and there are pnielleaUy no »*toiya on hau'l- 
'1'lic wool ajid llan iulnatrlea to-day Import nine lento* 
of tbelr raw maprlnl from forcleu eountrlea. Ttilncn 
rery dlfTeront In 1S7U. . . . However badly tin' 
lulltlary anthorltiea needed clothe* for trooim, lhay 
could taot be jieotliltrj wheo the uiUforuia now ou baiuJ 
urn ex haunted. Hence |.rovUdoii abould be naadn for 
Btorlng rawatulla at l««*t nufllcient to aopply the re- 
serve* with unlforniM. mid tin aw«ateni lu case the war 
■aat Into (all aad wbitpr . . . The drll i 
eJiti WMr old clothes If need he; the a 
plebty of clothes, and warm oqea" 

Another suggeatlou he loukea la that by a ayatcm of 
orcanlzed credlta electrical nam and thoae aakliis 
"(Weultural Imp^iuenta ml B bt b. eDtblti to furubib 
irreut , )lu ,ntme« of reaping nmchtnw, electric plowa. 
»n.l p,„,,io barve«I..M, Tim, m „ II7 Ih „ „„,„,„,,., „, 
«oulJ tlnd work, the vital iub-rwla of a«rtrti|t uri . 
would l,e wved. altd Ibe olen now employed for r,,*, 
work eould be aent to the botcliw. wblch wouhl fur 

n*^ r'Z.?™"- H '" X Mri " tot mllH-o™* 

Ilut be full, to abon- how a d«t|tule rwpuujtlon u ,.. 
ohtulll mul operate theae axueiudve Implemellla 
After deciHiing ,b ul dermany Uaa much m i™.. . 

wmchlelly decide v |,., ory „ ( 

of alatca and dy 
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Vital Procctu.es and I'hjslca- 



and th« ox.ii-t uutural <ctenee>. u that tbe former are 
concerned wilb pbeoomcna. tba latter with tbe cuuwa 
of natural proreaem. Tbe two nelda overlap lu many 
porta, but not eo f««lulvely ua la deaumlile and er«i 
iwaajblc Ui the pmicut atat* of BOlooce. The meet Impor- 
tant work In overlapping recioca baa been acompllabed 
lu dynamic geology, mid, following tin. imitative of 
Jullna von Saijlrr, lu vegetable puyalolofcy. 

In the iclonce of the vital properties of aidmala and 
luon, Inreatlgntora emtowtql with Ihe erudition and 
ability of llelmboltx nnd A. nek have alwaya been rare, 
mid lu patholog}, the *dec>cf of the behavior of morbid 
orgaiilatnn, very link lots been acvompllxbed 111 the cer- 
tain and iiuantltatlT*. aaalgumeDI, by adentlflc mrthoda, 
of cnuium to olaerved evanta. The chemical processes 
of Ufa wen the ttrst to roeclvo serious, tbongh luade- 

of motion, which are «, abuadaut In the rccorda of tbe 
descriptive sdencoa. 

For every action a rnu*e innat logically be asaumed, 
ami Ihe eanac of any motion or change of motion la 



tiou of descriptive and e»»ct sdeuco la 
urgently needed, sod It la Incumbent on tb* repreaMit- 
ativts of each branch to atndy and leant the other more 
tbnroushlj than they have dooe hitherto. 

In living otxanUma that 
1 aud described are mani- 
fold and almost Innumerable- It would bo a very good 
thing lo Use up at uul tha Important task of discover- 
ing tbe causa of tbejw motions, which can be nothing 
else thnn a force. In thia work, aa In physics, the 
acienco especially concerned with motion, tbe moat valu- 
able aid will be turniahed by mathematical anatyals. 
The physldat deals xitli problems which utthar arc 
coinjairatlvety aliuple In themselves, or can be ao atnv 
l ulled by an Ingenious plan or experiment (but tbey 
can be treated nkathematteallj. The Gold of the phys- 



loat are fur too complex for mathematical treatment 
at tbe preaeut rim*; but It atao iireaenta more simple 
phenomena, which are quite aoycnabl* to aucfa treat- 
ment, lb any ease It la possible to Had a> 
forroa of nature one to whose action II 
phenomenon may be chiefly assigned. Whether it la a 
farce that acta only at Intermoleculnr distance*, such 
aa osmosis, inhibition, xurfare teualott, thermal expnn- 
ilon. etc, or a force tbat acta at greater ilislancea, such 
as gravltutlnii. electricity, or nuirnotlun: thu, aC leaat, 
can crrlnlnl) be itetennlued. In my opinion, researehea 
of tbls ctmnii'ter should soon form an Important part 
oglcal work. Th.,y will r*iulro soeon prellmlbary 
In pbyalcal science, which will 



of Mo 
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nuch vague cxprewaoaa aa 'electric charm" and -mag- 
netic attraction" Ii 

When Woeblcr. In lfeUs 
a chemical compound then known only as a product of 
tbe animal organism, a powerful Impetus waa given to 
the development of organic chemistry. Already the 
carbon impounds that can l« made urtiUdally «rv fnr 
more uumnroua than those known to «Iat In nature, 
and no one can doubt that tba same cbetnlcal laws 
govern the organic and Inorganic worlds. This convic- 
tion baa given the death blow to the old doctrine of 
-vital tores," and It has been a««umed tout the organic 
aud inorganic worlds are also moved by Ibe aanio 
physical forces. This Impulsion, one lulgbt almost 
eompuWon. townrd unity has greatly promoted the 
development of the natural acleuceu. Every research, 
if It la to be truly scientific, must alia at the demon- 
stration of this unity, e*neclally of effective forces, In 
each Individual ease. 

If this cannot be accomplish**, It l« certainly better 
to doubt one's own ability or the adequacy of (he meth- 
ods employed than to doubt the unity of natural forces. 
But even here there la a limit, aud genuine science 
mom not be afraid to break 
founded aamimptloas If tbey are found at 
certainty denionetrntod facta. 

If the biologist, not content with describing move- 
ments and designating them as expresaloUH of life, seeks 
their causes nud fliwla that known physical forces arc 
Insufficient to produce them, then, and tbeo only, (he 
action of a "new force" may, or rather must, he 
assumod. This has alwaya been done, in physics; for 
example, when electrical phenomena were drat observed. 
It most be proved, however, tbat tbe new force Is com- 
petent to produce Ihe observed movement and. even 
then, the new force must be cuat aside as soou aa any. 
one proves that it la superfluous and that the movement 
can be produced by a eomMuatlon of known forces. 
Both conditions, toaltlve and negative, are aallaoed 

only under the microscope, that accompanies the fer- 
tlliaullon of tbe egg of the star nan-' All known phys- 
ical forces can be excluded wit* certainty, and the 
observed phenomena accord, with astoniahlug etacuuasj, 
with the theory of a new force which, Hk« gravitation, 
Is universally proportional to the square of the distance. 
Although new force la dependent upon ibe life of the 
masses from nhlcb It emanates and upon which It nets. 
It la not a mysterious "vital force- but a force aa real 
aa gravitation. It la nut likely that tbe action of lD c 
new force is restricted to the slnct* esse that baa been 
observed. Probably many oiher Instances exist In tbo 
oigaulc world, but tbey can lai discovered only by 
bUiloirlsIs "no l»««r~> (he requisite knowledge of thi, 
exact sciences. 
Tbe roUid revolts at ibo Idea of a real physical force 



forces Is no greater than in,. ,w„„r... . . l'">»lcul 
death. In treneral. ' Mv " m «■»! 



Wrwk Statistic., for | 9 ,j 
Titt eutiatlcal aommory of vesmsj- ., . 

tlTmercanX L V . 1 ™>*«Ux, in the .B^ 
vessels of T1T.0BD tons, excluding all vessels of less 
than 100 tons. Of mis total, 371 vessels of N13.003 uaia 
were steamers, and SIM of IM.ViH tons were sailing 
vessels. Tbese ngures, ae regards ateanien. are lower 
than thoae for 1012 by 311.313 tons; but as regards 
Bailing veaaela, tbey aro for tbe yeur 1UW samcwliat 
higher, via., by tons. One o< tha moat common 

(ermioatUms of a vessel's career l» breaking up, dla. 
mantling, etc. (Dot to conawqoence of casualty). T ^" ! 
amonnt of tonnage so dealt with to 1M3 was lOS.TIW 
tons, tbla being 4K.H48 loin leas than that for IS1Z 
>fearly 20^ per cent of the steamers and 1« per cent 
of the Bailing vessels removed from the Dicrdmnt fleeb) 
of tlie world In the course of lslj are accounted for In 
this manner. Of the total tonnage nf such cases «*4 
per cent Is represented by United Kingdom reiwls. Tbe 
atatlntlcal tables exhibit Ititemtlng data as to tbe rela- 
tive frequency of the different kinds of casualty, etc.. 
which conclude thn existence of vt-^ets. stranding awl 
kindred casualties which arc comprised oniler the term 
"•wrecked," are much the most peoliac cause of about or. 
To audi caauaHles are attributable over IWH per cent 
of the losses, of steaaaers, and over M par r « 1 ( 0 f » aU . 
lug veesela. rime* at abandoned, toiiDrtered. and miss- 
ing veeaela are 00 doubt fre>iuenily more or loss similar 

«4ly. t"*" ,orm ,bOTt a ^ l^r ceut nf the T * 



and over 



04) per cent of the snlllng vosaela 
from B ""* atUr marine during isn 
caaoalty — sfarVsC A'aalscrr aad .Vocal drvMfft. 



' TrasalsM traa IUfh.nl Gsujsl's arueb la Dit 
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Tlie Fulnr* of Engineering Progress 
Ir pvogresa continues along the lines Uow followed by 
linre and apptlcd scicDce. It la predicted by Prof. A. 
Itamira that It will surety lead to practical applications 
and new Inventions that will startle tlie world. Tbe 
material and utilitarian progress of to-morrow will 
depend largely on tbe scientific progress of to-day. 
Moreover. Increased accuracy and efudsncT In engi- 
neering ran be met only by broadening and strengthen- 
ing Its mathematical foundations. Many an ctixlnccrlng 
student of to-day will live to see the time when thoae 
enclueera who are lenders in their profession, who are 
catsible of meeting novel conditions where originality 
of thought and action la regulred. will be men who am 
thoroughly trained In the osa of many of tha higher 
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4*KiNn. By FVwbnek W. 
Tumor and Daniel (1. Town. New 
York: John Wiley ft Buns, loo.. 1914. 
13mo.; 144 pp.; illwitraled. 
Written tor use In vrx»tkrt>ej and IndnatrbJ 
erajgol* tbb Imt oottla** tbu maUrleb, toob, end 
pnKMM of pftttara-cnkln*- II la ft r*ritnee of 
Mm trado, dnafcfaed to opon the way to sne h books 
m eon appeal <•(>■/ *o one who bM rnMwervl the 
elementary prari-ce 

Csor PsoDnnioN. An Agricultural Text 
for Schools. By Clarence M. Weed and 
William K. Riley. New York: D C. 
Heath ft Co., 1914. Km*.*, 340 pp.; 
illustrated Prioo, 75 ««t« dp*. 

In a beautifully llaewtr»t«4 tut thu fcuiium 
mi forth the nature and roqiurcesaeiitA of vtajolalaa, 
nowvr. bruit, end (arm crop*. Too work employ* 
what b known a* (be "project method." replacing 
srmbob by roaBUat and turoJettens; tbe bwehrr 
wlth moor etmpte owUlnm fswlliubury to tow t#*t. 
tinroNb Cockjie IK Auisaaa. By William 

Benjamin Kite, l*rofesstir of Matbemat.ee 

iu Columbia Univ«rwiiy- Now York: 

D. C. Hoath ft Co., 1014. 



urea Iiif bos*" 



ihrir wot 



>vo ai>raai,1r takna the year's 
t wlU and In Urtt trawbook a 
lubjecte end a logical deaekrp- 
(tarty that will lake tbeee through 
tar and ftt tawm lor pnantng eadbeje 
ttnartnoa ha law tufcjact. AbatrUee 
and complicated prohbtaa are aTDldod; tbuae 
refatalae lo phyafea and geometry are given 
preference. Ratio and proportion if dealt wltb 
under frwctloos In treating of Uw loci at ivyae- 
lie— of the teoood 4-Wt** In twi» vwrbi.Va, Lb* 
ptlUpbr caawi only basii Imwu aoaul. 

PKUKaVATIVXrt AND OfrlEK CttK WtCALA 

in Food*. By Prut. Otto Polio, Hamil- 
ton Kuhu Profo«or of Rlnlnfrfaaj Ch* in- 
i*\ry io Harvard ITnivttnjty, Cambridge: 
Harvard University Press, 1014. 
Pmf. Putt* 'a Utile book oa -preeerreuvea and 
otbur CbesnVeb tn road" la one ct a wy*m of 
Health Tela*, setting forth In a popular war UW 
svbitaaKe of eome of lb* pubuc lecture* di'llricvd 
at the MedlmJ ftrhool of Harvard University. It 
contains much valuable Information oa toe 
tnaabuda of preserving pcrbbeble foodatuffi, be- 
gssmlua wt.h tb* oM famfly practice of the appli- 
cation of brat or poM, do«n to the t-stenetve cm 
at dirmlrala In otir mtKWn caanliiR and euld 
aforait* InilwlibM 

Ttr* tuiidimrtKal pr^iblna nf proaefvlug fooda, 
and ("to «bkh for twenty > r*r* haa cunfronipd 
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I pTUpf 



of thl 



irobtrra, rowDt titri makloar al ia>at fund 
bwtnria Ui lira In bua alllt at far Lumaii 
rUco: tlila tM«aaaltau*l nanrtl eipcrlmral 
varbMi'* rtkcnilcal* and ddviial Into the 



^Joaea of b 
a^olvod hlU 
baufUve raa 



<<[. 
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hth unfortaDaWljr ai 
dblttluivatctl Idvollcatora. but 
tber banutto ntuae>-tuaklae ackenua artacd apoo 
hy anact waoae main iDtrewt wa» a pecuniary one. 

Prof Polin ooaammta at tomf Imjrth oa> l>r, 
WUey'a loog and nnibinn ARh*. aaalnat thu In- 
tUanimkaate ami tinuwpuloua law af cbnnieala 
tntoortatunV Ralbtr uakiito y bb VSra of the beat 
: too effwx of ibeae "pre- 
advrxwuw ibr try but 
■Mil j( rartwaa "ihitanrta uawl In utimc i loai btoda 
. nt 




rv»ul w aad uolfornv and whoaa health rwH 
could <aally be kwpf fur a knai period of y*n. 

Thb Poi.rnccnNic KsntNeaa. l*ublialie«i 
Annually by tbe Student* of tke Poly- 
technic Institute of lirooWvn. Vol. 
XIV., 1014. 8vo-; 1H4 pp.; itluttratod. 
Sub<*cVii»l»nn prieo, %l:2r* prv copy. 
Thla b) aw atinual ba«La< tor Ua clilri aioi the 
(Writiraawttiaal of undrrgrwil jacw Id the writing 
or ■rvniidf arlkJcw Ahont half the papm in thla 
tanufi were written by th« famltr: «o* otbrr half 
are tbo work of lutd^rsTadualtw and taa aliuanl. 
Tbeaa ptpm am bifonauiliu uihiii tucb *ul>rorta 
m undcrartMittil eouatrurlloti h^histrlal lltumlna- 
Hon, alnxt plannieaT- tbo tai'intlun of railway 
pniparty. aart Ihf ilrtermlnaiUin nr urt«M TU»y 
rabJUl varylnif <irajm*« nf Ittttrwl a»d w-r^tiraa, 
and altcffiwrr tuakv uj> a <roUrar&> coUeclVjo 
K< ir.sra axu Kki.m.io.v 'J'Ih* liafnitinJ oitd 
ih»' SnjH»r-r»("i»io1- An A4ilr**a Dt-liv- 
ered May 4th, MM 4, U-fon; lbti Phi ftctta 
Knppa Atumtii in Now Ytwk. By 
MtM J- Kl'T*lt, Pit. D , LL. O , Adrian 
Pmfrssor of MalJienialieu in Colli ml>ia 
Kniventity. Nfw Haven; Vol*- IVilvpr- 
inty Pn«w. piM. 12mo.; SO pp. Pricn, 
7o cent*, iwt. 

The a;illn*r W p*<rliai« wUrt; utniltoj to (Ivp 
bi* oati ito ft nl Huti uf rrilctca. altbootfb K U 
ililtlcMli Ui fa4b)w aul apftwiv anrucaroU foe or 
asaluat a Hat*- of <*on*.iitti«nu*< ivpnaataiad by a 
w.trl Branlnn dlfrVmtt lltlitift U» UkOinsal aaati, 
uukaa ChM nurd b deflnwd rathte atrictly for 
i>arpoaaa o( dfeacuaaloo. BroaUly. tbe writer avp- 
n>rtj a t«llrf in the tuprr- rational. *wvtly llroJtbhf 
lt«' rational and plarlno; the TltaJlalnai rJunmit nf 
rvll(k>n atwjv* rewann ■ pla^ Thu addruai b aa 
»4mlrahla plaua ur wurk, a atriklAf rsaoapla of tba 
ftradiMTUo alyia at Ita beat. Wbllf w« mtt not 
alwar* ba atto q«itt«f to maka wjr livkiprtnta m>- 
lnrld» wltb tbtja? of >*rof Krytv we a*t our fare 
toward »V» aante crwl fl» h«a »* » wil- 

af 



ImrtforaiLat la It* 
dedvrtama 

TMft HTunoaEMaTiow of On*. Cator 
lyter* and Catalyn*. The Oetwatlou 
ot H^iMca. By t^rfeloo Rllw, S. B. 
New York- D. Van Nofltrarwi Company, 
1914. ftvo.; 425 pp.; 145 illuatratioiu. 
Prine. %i net. 

Tba oil Indiaatry haa uiaeb utopertant outgroolaa 
and raiulflcotloaf that a work aaMajaaiBtln« tbe 
aratarrvd Hamture of bydroweaa t loo and a*Vd 
nrfifaaHai •hoobi ha walromnd by all who In tn 
any way Inbavwlnl In tbaaat awldarbi. Tba autbnr 
very fully explaUia tba moibada of h)dre«una- 
tlon. aad thatr applb*aHoa la toe fkida of food 
manufacture, aoap mablac. etc. Tbe wra* coa- 
ri*im with a chapter on aafrly drrkaw aad 



toforwaUoo. tba pruenaaai and tbe aucBatrJani 
rontalond wlthtn ibU teaame 

The Qrrt»TioK or Alcohoi. Rv Edward 
Huntinirton WlUiama, M. D. JfcwYork: 
The Uoxidhue Company, 1914. 12mo.; 
121 pp. Price, cloth, 75 oenttj; OVxibl* 
l«ther, Sl^5. 

Tbeae papers ranbody a prouwt aaatnM tba 
•'i ik>-' r.-iu •! i~h.'hl.-(i> of tba arbaot test-L-^iLj 
(ur It b tax n p aafton nf tba wrtlar laat Lhi-x' am 
aaratlotia daaVat Uxtr own purpaaa. Indued, thla 
poaltloo at 4rfr"d*i1 by «taartaca1 dednrtlooa, 
U<\9or kclilaitoai w alio eeoa u red. a*d la bald 

rr^m'-n-t' u\' f-_c 1"-* x'.xrrr.mr Iniri-w In »*ii»ky 
rirbtkinc and droit tahtng- Tba BlUa eoluasa b 
net, unmir, nwraly daatrupU*« and revdnufc/y. 
li luakiw antaftikt aqfjgoaOowi coward remedylrifl 
evbtlue rondlOoaa. but by rnntboiis cvtilutloaary 
ratbrr tbaa rrrorutSocnry. 
Travaactioko or thk Auiricaii Ckb*- 

ta"ic Korirrr. Vol. XVI. Arthur S. 

Watts Editor. Published by the Society. 

Secretary '» OrJire, Cottunbua, Ohio. 1914. 

Thb aaeual rarrtce. aa uatoal. ■ fuod of tnttrur- 
Mtp aaatertal relaUnc to nbtya and pottery, ft 
cbrunlcba abo u»f promwlloar* «f *«■> nuwtlna; hidd 
at Whrvibas, W Va., Pttliruary 241b. 26th, ?rtih 
a*>d ilth of thb yeai . To tba paper* read at tbe 
meeting are added luppbrncntal eaaayi oo prac- 
tical tbemea. There are nmparajoos bct»rm 
Boelbat and Areerkan a^ase praetb**. baaui <m 
^pertrnantal ewanaal aaaaftiac, woloa on tlm pre- 
paration of tiddapar. awd aoane fifty edbvr iIIm^m- 
nluoa of varytafl lotertart and uacfulncaa 

Stkm. Woukinu A*iP Tool Ddes^iko. A 
Manual of Praouoal Infonnatiou for 
Rlay-kDmlth* anrl All Other Worker* in 
Stool and Iron- By Warren 8. Cajrtrrlin. 
Xew York: M. T. KiuhardtKiD <\ini- 
jany. Svo.; 307 pp ; Uludlrati-d, 

Thb u a plain, talk to bta braUMr fcbwijwiilUi* 
ttr tbr Oaan «l Um cadwr. Kor tl haa taken fifty 
<*tmi ynar* at tbe anvil for Mr. CaaCarUa to ao 
tpilrw tbo knoaledfe that be now dbaemtoatea 
Ho baa made a tpecUl atudy of cart vterl. ami 
sVctcbea tbe pc oc eaa of Ita aaaawfactorw wtlit 
rothv>aa«BB aad thormaiarnaaa. Taw ynuaR Irutt 
wnrknr wttt find bora hulpfial kudrucikaM aleaply 
etiuwyed. 

rUrettuiENTB, A Volume for All Wlio Ar* 
lutemte^d la Proerro. By PhiUp K. 
K<Mman. Minttcnpolia, Minn.: Puh- 
liahnd by tbe Author, 1914. Svo.; 256 
p.^u^traied. IVioe, clotb, $1.50: 




<Vroont<rattnaa tn 
Ity anil mariuotra. Tha MixaMl 
illTbaon takaa. up tba iriudebM uf orlatnal re* 
armrta tu acfcnua. UiTcntlon and tbe ladonrba 
Platca. eocravtagi and b 
brighten Ibe work and an 
a ready urcVntandlna*. 

Kr.rn\h Coitum ik AtxiaaEA. By Wilham 

Brnjarnm Fito. Near York: D. C. 

Heath ft Co.. 1014. 12mo.; 247 pp, 

InVrvlin '.ioii pr>v, 00 call, 

Thb iK>ik b ptutnnl an fnllnw the aiitlmr ■ 
rint ( Ww bi A1k'-**» whlt-a haa rncwitud mi 
iu'ii.-Ii favor became cc* Ita scholarly and trarhaM 
tiualltkw It provldrw amplv preparaUoa for 
oalraner to nj(W» aort bw-hna-al ■rnonl> It b 
written In tba ntnr «t>ArU %» XtM auilboea tV*l 
(\ww but adtattlaea baa beua takto of tbe fact 
that tbuau wbo atudy It will be aoaxewbat oWrr 
and tuore Kntture than bealnacra of tbe subWt 
Cccapllcatcd and a^iwrtal prohbnta baTr. r»<rn 
avoldM Thirm b an a^undanrv <if matarlal for 
rlrlD and prartltw v>i l»r dtiMU*.ua« thu apj.ura- 
tliitt* at abiL-tira to pbr'bri and twmulty. Tbe 
•ui.Jni uf i*iU> and proportloQ la troanxl la a 




Tbe <** of eraphlrwl 
t h.. rtral i iMirwi haa (•«wi 
b 

of 
uukW 

A STi'nv or piMHt*. Rv UijOi A. Wordoll, 

M. A., ontf r>ln* Knhle Whit<-, A. B. 

New York: Ginn ft Co.. 1014. 12mo_; 

174 pp.; illustrated. Price, 70 ccntt net. 

Tbb tcit li designed Dottbcr lor tba rbtiabed cook 
nor ike food ejipm It b rather adapted to oarbUi 
arade or hi«h Kiwi rla*ar«, while th*» UKiratnT)- 
«xcrva*f» »*} nwdUy ba w*w*ed wst la tbe bumo. 



Tbe nature of raw materlala and lb* nffuet upon 
tkwni of heat and awafiapulatlan b aat forth la a 
fiuubunwntaJ way. In vbw of preaoot high prtcea, 
ooat eoitaldaraEioa b glvan tbe Importancn It de- 
ttrvtM. The student b wdi drlUed tn the raloula- 
Uon of cosv. both nr raw material anil <d tbw pur- 
Mrtod rttahea The rarloiw rutw ea imwt aru fully 
Utawlrami ami t±Wr imt* and value* clearly 
ibtflnod. 

Hiou-PowBn Oaa Ehoinb*. Ry H. 
DubbeL TruurJl&ted from tbo German 
•od Fdited and Rxpandnd so as to in- 
clude British Rnffinna and Brititb l*roc- 
tiee by F. Wtanrcb. Now York: D. Van 
Nuetrand Company. 1914. 4to,; 197 pp.; 
433 iUuntratiitfu and 13 folHlu* ptatca 
Pric*, $5 net. 

The bra* km anjrtne. eomnbabvi aa It dooa tbe 
eonatructauawl fneeurua ot the atuaaa aeadn* with 
tbe a^erklat cyda of tba asaall tatarual eocahojUoo 
eogloe. to entitled to a epp arete literature aad 
apecaat ooosaderatton. Perbapa tbe nm«t rlb- 
UnrUw claim of tbe work tn hand b baaed upon 
I la many aai lainal drawing* aa a bvae ecala. 
Eaglbfa Ornai bava cum latently refuaed to furnblt 
the ttuer detalb of tbetr practice, and to tbb 
rwtfaenast may be partly doe aa tba tranalaLor 
Miggnali, Um*t fallura tu prod* by tbe b^larcnoasjo 
uf I <!-:.*• aa tbe Oeetloeniat raanufaeturora havo 
done. Since Mr. Dubble'a work droJs ooty wbb 
th»* larger, do : t.favx-tjng type, wbib} tn Kaotand 
tlm t^TtiU'oey b toward miiltlKTkteder, atneb 
aetuig ayaterne— due, no dVmht. to dlAtuiUcs 
esaertrnoad wltb Utraw cytlodora — the tranalator 
hat added to tbe original work much naatlas; to 
modern IMtlsb practtce. lib reference to anmn 
abaodoued dealguv. wttb the reaaona fiw thrlr 
alMwdimnuwit, ahoittri aava arwandnraltlo labor 
In wrung 
be highly 
facUwera. 

M OToaf TCI.IA^ r>tpRCMt" AND f'Tri.tCARB. 

Thrdr Construe tiit-n, Manjaremont and 
Repair. By Victor W. M.K. New 

York: Munn ft Co., Inc. 550 pp.; 350 
ulitttratlouH. Price, »1..t0 
Those who hare read Mr Pait*'a book no the 
autcaaardla wtSI wainaanM thb rotottie tin Um ttuilor- 
eyebv U which bu Lrcala lib aubjuct wttn Ub taaaal 
thoeougnneaa and cfeaniraa. Prevloualy to llib 
ihtro ha* been nothing ot a competent nature 
pubtbhed In thb country on tbe tnotr*ryei«, hut 
la Mr. I'Aff*'* book nr*ry <WtaU »f mut«exyi-W 
nmainirtbm b ca>n>rtaUy axplaittud, Ittciudliig 
pi»wwr planta of 1>olb two and four cycle dealgu. 
and lartoua ayatenu of carburetloo. (gnltlon and 
tubrtcatksr^ Clutehea. speed channo giwra. «taa-t- 
Iiim 'Wtf-*M ami hrakea an" ftiny othtm) and llroa- 
traitxl bj ouuunma rubU tiw lm( Aiiifrleau and 
fondga oaacbbioa: wbOe for Uio*- who r««|<str< 
ucbnlral uformarlon many wwfui utttlm aa»d 
formubD are glvm saawrmn are fully cuvend, 
and n rhapiar b ibtvotod lo tbu c>cluctr that b 
IntaruL-Uvf- VHUlu Uw tnatuc eoivrcd b mainly 
ibm^ipUio and explanatory, eoeoe space has been 
devoted to the practical i|ueat*rwn <* nptrmtlun 
and malateaance, As a whnl**. It b a uvful tjwtk 
of refroence, ami by far tlm lH»a trf tui kind yet 
pubeWwo. 

Tire PmixisoritT or Radco-Al-tivitt, Or 
Scjoctive Involutiou. Bv Kutpnn CoUv 
man SavUlee- NhW York: William R. 
J.'tiklnh Company, 1914. 8vo.; 151 in?.: 
illustrabxl. Price. 11,50 net- 
In radlo-actlvlty we bave an rooray }SO,000 
thnea greater tbaa any hitherto known The 
author baa nsadw thb naaror the tint for aniue 
able ipeculatlnna iipiKi taw nature and proptrtloa 
of aaatcer Hb tbouxbt b alwaya pregoaot. and 
tiU otpnaaiuo vbtoroaa even when It b oaoat ragim 
Wktb all duo respect to the dintralu** of tb« 
aubbct. there are saany psacaa ba wblrb tlm 
thought might hartt itnm tanru harldly eapuunded. 
•tin, » omv aad ■clauabAlag work reoaalna. 
Wbarv*ur lb* uiore faaaQlv pbyrtologScai prtx 
ias ra aro entered upon tbe touch b sure, the 
reasoning touod. The ckaw analngy lataarn 
radium rmanatina and rrooa ar y and tbe glandtalar 
pr o f«» w thu i iid throw light upon tbe latter and lead 
fan important ilbcotcrlfav We look forward with 
aoasr togcrnoaa to Dr. Bavtdge** lonbcomlBat 
volumes oo "Tbe <*anow Prohleni'' and "The 
rneleesined Iilanaaea." to wbbb tba wurk In hand 
li a kind of profane. 

PourirAL Et-uNOMT, By Cbarlea Oide, 
Ptofcseor of Bociol Kt>ooomlo8 in the 
Faculty ot Taw in tbn Uiuvnnuty oi 
l*art»- A ii iKorirod Tnuulation frum 
tbo Third Edition (1013) of tbe Coots 
d'/?ciraome PoiUio**. New York- D. C, 
Heath ft Co. »vo. ; 7lW pp. Price, $3 
net. 

"I^Ucnl Knoaueoy" b a Urin uf rathor fur- 
bidding aapact. but ba dry roputaUce> need drier 
no oaw frum fullowaag wtin pasasore the utonsely 
laiueaatlng exposition g1\*en m by Prof tilde 
Prutu bb early nceantrttfcwt of thr Inraeam of 
natural law Into tbo w»rial world, u* bb chaOng 
■octloui on aarbar and oaprnditara, thiev b acarvr 
ly a rfrwary Uao tn the vork. PndiHtloo. Its 
tarutra aud organliatlon receive* premier coo- 
>a»ralktt. CuxulMlwo wnl tnnntttarr «jwlenw 
lulloai. The tMol Iw^k b liirvounl to iU-trtiiutiim, 
and the fourth bit <-tuiaum'Uu»- AU liraAcbua tl 
the vlMacft aru ilvi* ably covered. The various 
whiKib uf aodalbm- Ibcralbm. and "aottdartty" 
an cbnrly d^finod. and thla reaiwa atone, ta «x*>- 
I «k4erat1on of tbe boae awvalncena: Uv arerwge 
mind aa to the twaae* and aAnu of tbcau antaajuw- 
brV part*M, mahaa tba liook werfby of popular 
lirrwml. It waa wrlllrfl »Mb tlm oC-jm of aldmg 
rrrDcb auabanu In their L*a 1" acuity 



tiona, aad basjcn lak#a a dbimcxly Preach point 
of view, but the naiew of tbb Arnnrtean edition 
cater esroclally to tbe student of our own laud, 
and to both a tod rat and general reader th* brat 
mny be tteartlly cownend^d. 

Tim LiTMnicn Injutatiit. Part IV. Con- 
rlitiuna in Produotaao and WlioleaoJe 
Distribution incjudinr Wboattale prWe. 





bgblatloa baa bo 
made to shape It— by a wia so? lebnylng aad 
drallaT mtahorb of i 
report hi a ntlnn uf IniuruiaUuA ( 
dursiou aad dbirlbuUoo- with many cnarts oarer- 
big from 10 lo 17 years and lodacattng tbe vovw- 
roeot of prVea. the r^mpartaon of actvnl and net 
ra-trea. and tbo micbaatlona of ■sttTareot grades. 

Texas NAnnut OnutiiVATtoNH aNO 
RKaitNtscKNcKo. By H. Meuicer. M.D. 
Hon Aniunio. Tex.: Oura*** ft FfriPt 
C'jraponv, 1013. Svo.; 333 pp. Prion, 
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-L. UK- 1^. i-titxol Many 
great latorast to aatvral- 



Wa wtsk to ceu aUwatloa b» tba fart that 
we are ta a peetuoa b> raaiar caaepeceat aar< 
ateaa la a vary acoorh ot pataat or trade mark 
work Our ataff u compoaad of ateMslvti. 
altetrleol and cbamleal uperta. tbcr:igt ly 
train ad to prepare and proetcwU all satasl 
apniicaUoaa. Lfxeepactrre of tbe eeasplea oatare 
of tbe sub bet matter lavolvaa. or of tba ape- 
dbused, tacbaleak or erieotiaV kaowbdgw rw 
aalrtd therefor. 

We abo bare aaworlatsa triraoaboot tba 
world, who aaatit la taw proascedoa of pataat 
aad trada-aaark applications Had la all <o en- 
tries fnraagn ta tn* United fits tee. 

Mows? 4 Co,. 

Pofewi *al*o«e»t, 

Sfll bruadoaj, 

New Tack, Jt T. 

Braarb OaVe : 

9M p pcreet, K. W, 

Waahl&gtua, D. C 
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Mdjim it Co., he, 361 Bfoadwiy, N. T. 

Tke purpoMt of the Bvppltmt M l I* to 
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How to Collect and Preserve Insects — IT 

Methods and Apparatus Used in an Interesting Pastime 
By Frank K. Lutz 

CdadwM hum BciRNTmc.AkiERM vn Si iiixueni No. 2V27, Huge 291, November 7, 1914 



wiimffiMit 

Wt cease now ti> the methods of niisuuling and pre- 
swvlng. The slis'k method U pinning- The iilinieit uut- 
rersally adopted pin U 1 ^ lix-hea Unite ami him ii very 
■wall head II varies In thickness fr.no extremely slcn- 



|Kl|a*r (ntd edgewise) serve to eonnect the two pina. 
In (In- Illustration the "nflulv-n In shown Muck through 
the |MDCt and then int.. It"' suMnirt. A sumcw lull Ut- 
ter plan U In ..rn.ik-M a number In advance b) sticking 
Ihe -MafcP tlinnigh Ihe «M»ri front Isilow. leaving 



witb the t>*trd. Then ilniw the wings In the dealred 
poslttuna by xueuiis of forceps or a line ueeille cnugbl 
III the strong front Dllirgln of the nines Never Use the 
tiiigera uo MUM und butterflies, U tboy will rah off 
lite -Mien which enter the wings Hi give color to tlu-aa. 
The allium rosy Ik- tteld 111 p»eltlnu tiy incnlia of the- 
|.li>. or lilt* of Unary (b» or >irt|« of tracing cloth. 
In-hl In plnee by pins pluocsj utitslih- nf the wings. A 
e.*il.liiiill..li of Ibe lust (an aafaMaV glavi on paper. I. 
baat It Is well lo bare a rmuiher of Isiartls with groove, 
ipf different wldlhs for » with different slosl Insects- 

Fig 10 show - a setting Isrtrd ih-vbssj hy Mr. rhnrlcs 
K KMght of lUlnwey. N. i. — awl |. rltaps hy others 
for spreinllug eaiallcn then uiel other tinssts when It i« 
dcslrist lo hare the leg* spread as well. The holes run 
nitre down the center nnr Ju« large enough to ataaaaV 
unsllllc that part ..f the |Hi which l» above the lliaer-t 
The wllun nre spread an la-fore. except Hint now Itaa- 
ttuiler .Mr I. visible to Hie wmrker and the legs 
ai*>»o*1ble. 

rile. Hnaceta which hnve but .«v |aalr of wlus-i. 
hccllra iln-cts which hnve hard front wingal, and 
hugs I Insects which hare the front |ttrt of the front 
whir* leullioryl. are rarely spn-ad, ullhough they may 
lie. Tile wluiea on at least one aide of wasp* should 
nut be spread, ii. Ibe way tltey fold tUeln la of unit 
iiouile value 

should luwta get dry am] stiff Is-fnre they Ml 
sprnid they must !«• rein led. Thla U done by putting 
tlieui In a covered Jar or tin tan containing water or 
miit<t hUiltliu |at|a.*r. A few drofia of carbolk acid 

:i |,|,-;| ! , Ii.- v. ! | pt.'i.-n- ■■„ i I I .. - ii>> tnni 

luior-. will tiMUully lie MiirH-lerit to rvlni even the ilrlcaL 
lull more Iliac niuy feonM-tliuctt he neceuMtry. If the In 
ne<i haa neither scales nor hairs It can be iiulcfcly 
relaxed hy Immerslue It Id wunu water. 

It will be noticed that both of the *-<tlii|f bixirOn 
IIIUHtniHsl hore (lev the wIhsm ii mI lulu iipwanl lilt If 

n 'J I...... ■ |K«IUcai ii v.. II ■ 1. 1..- lo le mil 

llwy arc not lllu-ly tii do an, >lnce the Weliiht of tile 
tvhio will pniiluihly drofi tliem to the horizontal at 
liaiat laince blatvia dry more shiwly than t.niall imics. 
ami It will pMMHl he neceaaary to allow them lo re 
main on llle la.anla fiw about two wreks They sliouhl 
certainly reinaln unlil thorosiKhiy dried. No further 
|irc*vrva(lutt la then uev-ewnry, an a rule, fur Hie fairly 
hard bodied adult Inaceta tpflM tropical (rilaall*i|a.a'ra 
hare tnrwe nlnlolus-us full of fat ai d decompiailiix final. 
They shiwhl ttrst ta- o)M'iu-d hy an lucUlun alnue the 
In-lly, tile rlaccru taken out. utid llw- ulalnnaen stlllTe»l 
with ojlton 

t/aleriiHIar* may be pMVAni In the followliiK way: 
Make n circular liarinluii at tile hind etuL cuttinc the 
Ihtinlllte h«iw frmn the outvf ImhI.v wall. Then, hiyinu 
tlx- caterpillar on a piece of clean lilollltl( |ai|H-r. 
•MMta the vljorn Ibroiirh this nfa-nliii; hy gently roll 
itn: It with a U-ad nelicll. Iiectnnlire la-ar the hind end 
nnd crtidunlly wrktnc toward Ihe frunt. After tin- 
vl^i-era have ls-«'fi ki'lleu rid of. for the most part. In- 
■a-rl a atrnw and faMon Hie M - eanuit of the larra 

to lUe cud of tile atniw I.) » » of a line needle. 

I iraw the hind —M a * up Iha) Mlraw II the Inna la 




Kg. Ike— A »etlia( hoard far uae wh,« || I. .e.ired lo 
..read the ltfa. 




Flf. 7.— The Mack data ahnw where Ihe p.n »ho«Ui be iaacrled. 



der lo as (liks-k bh ah i.nhuary pin. The useful kIiw 
are from N'o. »' to No. :i. Tlu-y are either plain " while" 
M ruutneleil lilack. Much U to be said for both, will" 



the imliit >ilrk up. then Dmuullut; run he rapidly done 
by ph-relin; tin- Inaeets from below. It is well, hi this 
eioo-. to -.top Is-f.-n- the |mlnt comes wilrrely Ihrnuah 



they should anap hack when bent a reasonable 
A pin that berala easily and stays bent |arialim>a pro- 
fanity. Ilis-tlra ore usually pinned through the rlxht 
wlni; tsivcr. All oilier liieial*, when pinned, are pinned 
thruukb Ihe Ihural. In the caae of OU-a It Is well to 
pin a trifle to the right of tha middle line, aa the bris- 
tles mi Hie hack nre Important In taxonomy, and oue 
side of ihe body nt least should be perfect. True bu(* 
should be pinned ihmuxb the trlancnlar lairtlim of the 
thorax which Is between the winfs. See Fl* I. 

Very small Inseits are usually mounted on Hie Hp of 
irnia-r irlniueles. u medium »l«.sl lowrt pin I* 
thruns-h Ihe bn.nl cihI of the trlainl*. The 
are of alamt as BMM) alu-a H there ore collertora. A 
ticket punch enn ls> purchnseil which has n die sullahle 
for ChtllllK tbe«« Irlunxlea. However, If they be cut 
with iMti ,sr a sharp knife, such as n raxor. u va- 
riety of sixes and sliaiest atlllisl (o dlBerellt ln~s ts enn 
easily ta' mndc. The besi way la to cut louuli, rutl»er 
stiff p*ii--i Inlo strii** alsiut threi* euthltks of an inch 
wide mid Ira n snip off trlnliglea fruui them hy making 
iniusvera.. cilia It la well hi pin np a quantity of these 
triangle* In isjil unimeiiU uinl kia-p theui on hand. 
When rvstily lo miajnt, jiut a small bit of while shellac 
dissolved In alcohol or of some (nod elustfc glue on the 
Hp of a triangle and toocli It to tile underside of the 
thorax. Some dittirtllly will be experienced lu kee|dn( 
the Inapt straight iai the |«>llil, t-sjaslnll) If Hie nd- 



bruad at the nadnt," and the front end ..r the 
ataSiaaien. aa well aa the thorax, should he supported. 

The method Just meiitlooed la almost universally 
used for small la-ctlrs. small dies and the like at* fro. 




churudrrs on the Iiih 
uildeln' have the ailiahtng* over glue mi trUngks. that 
Ihe itlue iVas* rait always hold, tin tin- other hand, the 
"mi del" cannot be used with many hard shelled heel lea. 
Kll.iw plna |(U S) are , 
very sntUtaclory as a rule. 

are uroally put on the left aide of the 



Fix. 8.»rinv for imnintinK ■mall 
**f( -bodied in*r«1ft. 

Tlit- MllM "t tl"" lu*Cl< OB lh<r i>\n U im.-t.Tf u ut for 
Hi*' filial tiHH'imiiiri' of the ctdforlluii. A sAflp wf cunt- 
Imunl wh»i-c nklth Im OOB iiimrl.'r (o tot lUN UN 
Ji-iicth »t ttM pin mnkf* * ctNnrnlfitt g«(f'-*, With oar 
etlcc i.-:d al Ibe Uw\ <.f HM M pwli th«. h.-vt np 
aolll it lowliw lb*t ulti*er ih!j,v, or it Ulitck of vrood 
iHiiilnlhiiiK u Ml IVfetN flMMrtv U o trltltf bjffBt than 
that of tli«* pln'n h*-jnl Anil whm*f ibflh U imil* <|uartcr 
to mm ibird ttM. Mrclh of the p»n mav t* u*«l IVt1«-i 
f..r n-xululiiic tlit* h.iirht by -.iHitiiiir the twhit or tin- 
\*in into a ehc* - arv r#ot -mlltfiirtarj Itcciuit* of tb»* 
vtirjlite tblfUio-si of tiif HfMt hiit'tiH- 

Miiintidx iiiet4«t- , « ht I«fll wuii tan ulaiot jalttlfa will prnb- 
abl> mn u* iii I;*- ii ii|> by tlu' iTki.t r* 1 i-oiunor unlfw hi* 
bt alrvuily MCVMUMl t* mukiaj; bnlnam anovnu. It 
Ih, huw*v«T. thi* iwily jMtlfcfactory mctbod of srttiiia; 
iMtrt ni-f l> wmi II fttnuii ready for Htmly. 

In rtilliTtltiDJL, lillttiTtlleM and inoths iimimFIv burr alt 
four nlnts* esturxlet] to their utDio<«t nnd txittrc Off lew* 
In lliir with I bo tali-nil a\i+ **t thx* rrratarfV Mf, 
I hl- uiuketi it ntty I. -..kin* n»1|e.tlt*« iiml U tbf U-x 
I ha I inn \*> dime with uioat liiilh-rille-, at leflat ll«iw 
i-v«-r. luatMy iiH'ilis biivo imturai nvt p«Mllk)na wbd-h arv 
not only lulcreiillni: hut ecorxunlciil *if f-nace. II In irrll 
tlu-n-f'iiv t-i I'-tiKiiid tln> n.-|tifc« of thi» Ji«ft *iiU- *<■ thnt 



Fl». ».-A , 



to leave tin- rlrhl wings In the tialuml ri—t inwIHoii 
Tbe ren-on for ex|siisllog Ibe left side rather Hiati tbt 
right anil tor piitllng the trltngb^, etc, isis- atsivel on 
Hie li ft side Is Hint nnot |«h)jil» nre right ha isl.sl. Tills 
arningement makes It m»y to use Hie pinning fnr<s»p» 
wllll the right htoiL Pinning fiireelM nre strung fnrcs-ps 
with hriaid n>uglu-ned ends, anil are useful In pushing 
Hie plus Into Hie Cork of Ihe storage boxes. For the 
snme reiiaeu vtlien the wings of graasbo|ipera. wusiis. 
etc, nre spread It shmlbl always he Ihe left wine. 

The imx common form of aprt«dlng board la lllils 
trnied lu Fig !> The sides nre made of soft wund. In 
the bottom of the central channel la a pie.-* of w.ft 
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natural length and fiuteu it In the saxee manner. Then 
Innate tli* terra by gjMly blowing throogli the it raw 
Sine* (he front end of the strew may gM plugged up. 
It In well to uk< a nooll bote In the aide of the straw 
before It la untried, Thla hole had beat coaaa annul 
midway between (be larvae toad and (all. Since lnlla- 
(loo Bout be kept up until the larraa skin la dried, 
gentle heat b usually uaed. A Un can with bo tee 
puncbed In It for ventilation end heated by an alcohol 
lamp make* a good oven, or ozje made for the purpose 
can b* purchased. Dealer* alto sell bellows, tubing, 
clips, otc. lo make the work of Inflating easier. At a 
recent meeting of Ule New York Kntomologiljal Society. 
Mr. Tbomaa llalllnim of Rrtr, Pit., exhibited caterpu- 
Inni which had bceu filled with dry "and poured 111 
tlmxich e funnel after evleceratiuo. After dryl"K. Ill* 
sand o,,, be poured oul. However HHlmed, green lerrai 
ere u|,| lo line tbelr color, for It la etaluri.pl.rll. which 
fallen rapidly, Blow drying paint* retail the »klu and 
distort It. Therefore, It painting W done, (lie pigments 
should be mixed with benxtue or the like 
rutin xora* tun Ljuirxa, 
U la only by the greatest chunce that the beginner 
get* ii new or even rare kihvI** or. ground tbut haa been 
worked oier by experienced collectors, bat even the 
primary cln»< In entomolotv may add to our store of 
kjH.wledge If It keep, fjeW note* well. !>at« of rapture 
audi loralll.v are considered of prime Imixirtancn. They 
shulild always be known and k.fl with every apart. 
win, but the distribution a,.,] time of appeurauoe of our 
" • common species are known. It la of Ibelr habile 
> are Ignorant. What do Ihey feed on? Under 
t conditions are they to be found when young end 
3 oW. dny and night. »1 titer and summer? What 
no tliey io, ond how do tbey <1o It ? 

A sample held card la abown In Fig. 11. The -lie- 
marks" are really the Important part In using thla 
card (ho lower right hand number la torn off (after fill- 
ing out the card i« Ike jteld) n nd kept wllh the speci- 
mens lo which the card refers until Ihey ure Individ- 
ually labeled. Thla In (he card used In (he American 
Museum. The stub In kept try (he collector mid I be 
card la hied at I he autua Such a refinement of ti r 



U Imperative If your collection la to he worth while. 



a business of prln(lti« (beta labela from 
aajall lype. or the collector can make up a sheet U7 
meaua of an ordlnury typewriter (black Ink la best) 
auil have a block made from this greatly reduced In 

Any 

■•c*h. I Jo ten should be filled In before cutling the label* 
apart, lleld numbers can be written oil the bock of 
tlieiMi In beta or put on a neparate label. Tbe coUsctor* 
mime can alao be pot on a aepiiratc label, similar 
labels should aU be the same height oil tbe plu through' 
out Ihc couoctlou- 

aroaioc now aku case of tot.i.»;cDu!«. 
Nluoo pertain member* of u fitmlly of turtle* , Her 
nirvrtldn-'l are given lo mi Hint dried liMect*. Hie storage 
boxes ahould have Ugln -fitting lids. Kicept fur Haul, 
utmost anything will d.*. 1'igar boxes are not bud tf 
carefully watched, but belter boxes can he purchased at 
reasonable pricoa from detileni. (Jlilea topiied druwem 
arc nlee but not uecraiHio. Wlnilever aort i^ box la 
uaed. the txittoui. IIKlde, nlmulil bo eoierud with mkuc- 
la «oft euoii^li io allow a pin to enter 
. but which wlU hold Un, pin when It U once In. 
The couprraaed cork of Itae dealera la beat. Sliced 
curnetalk In uaed by amue beicliiuere, tut two layeri of 
tbe corruculed paper enrli aa bottlea are packed 1)1 I* 
better (ban corn Hlh. Tlw layers abould bi 
thai Hie corrugnllntm run at right angle* to 

la uplte af precaution Hetmeatlda may (ct In. a) 
tlKiuitb camphor iwltsor tbe flaked naphthaleue will help 
to keep (heni oot if camphor balls are uaed, line, beat 
(he heud of an ordinary Pin. and while hot puna the 
bead llllo the halL When cool, U will be aoUd. and the 
bull can be pinned Into (he box. If Pertnesllua do rot 
111, Hiey may be killed by pouring l»'« U» box about a 
tcu>|ioonful of carbon tdanlpblde and cumuii the Ud 
down tilt hi ly. Ketaenbei that the bkanlnalde la very 
Itiilaumable. 

rxcKtaa laaxcra ik the riaxo, 
■ I frequently bappena that tbe collector cannot aUeud 
to Ida catch at once, or nowilHy for moota*. Of < 
thoee I 
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— A field card aueh aa ia aaed al I he American Maaeuai. 



A Courne of Science I 
By Jamcn A* 

In rboualni; liooks (be vwiv eommoiily uelect tbem 
witaont mucli recaril lo (he Hiiltablllt} of the boukn for 
llfeelr needtt atal wKluml uoucb re Krtnl to (belr aenuenoe 
In iwder of dlnVnlty. 

Hectiu»e "f lack of properly iirruniged eourana of reail- 
lux, miwh rulnable Ume U not uUllaed In (he beat 
poawlble luaaner. 

llarioj: been deeply lm|>rc»><il by (he Uck of ajDlem 
punturd by many leraona wbo are dmuroaii of becom- 
ing w<ll Informed III erienc*. (he writer haa carcrully 
•elected ii H»l of bookii rur rrailera of a ceneral coume 
In praetleally all Ibe M'lenee?. 

The Mm of book, below on tbe natural, phyBlcal, and 
meflirmu Heal actence*. I» for Hie une uf tbow wlw have 
lit leant ii public ached oilucatloo or Its oqiilvalent. 

Tile lln,l plnce la alvra to I be mil Ural aclcnrva, (he 
•econd t,i the pbjKural. and Hie tblrd lo Uie iniilbe- 
mallcul eei,.,«w. In 1l,e IM of Ullluml arleiwe- the 
»™t slue* In lllven l>, hyuleiu-. beoiilw II Ireula i^ the 
life and health of man. In (ho lUt of plii-i4cal eclence* 
11m' first jilatv U elver, to phyntc*. which waa formerly 
eali™i uutural phllo«o(.liy. Accordlnc to t'rancle liacor. 
thla U ibe treat mother ef all (be adencea. Tb» firwt 



plnce In Ibe list of tuulhelnutkul eclenc«M la given lo 
iirilhuietle. which U iilo.ji Hie llrut lo be mudled In u 
Niittlninalkiil ruiirar, mill ulilel, I, |,, tar (lk- muet 
liaeflll or the lualbeoaallea I w-tclicrn. 

for une wbo canluil afford a ii.llete cilumll'li. the 
«tead> pumill of Hie cuurae brrr given ulioulil lie n fn m l 
snilMtllute. It may, wllh i 
four year*, which la riaually 
aerurlnii a college vdocallou. 

,V ma 



■d thla couree 
tmbuod wlUi 

I lie acletitiOo aplrll ; that U to aay. the spirit of care 
aiul nooirary. He would almost certainly have In- 
creased mental imwer, a bruud culture, and a fund of 
knowledge and power which nbould Iw of biMwIlt lo lUni 
in any wnlk of life. 
The lUt la ax follows: 

• A »lnnu«l of Peraonal llvxlsne" W. I» Pyle. 
•U««o»» In ElnruenUry I'hyaloloja .- r. H, Huxley. 
■•American Natural Himor}-." W. T " 
•The r:lemenl« of Dotany ." A. Uray. 
"New ITiJslcal tleorraphy." R S. Tarr 

• First Honk In tleolory." N. S. SUuler, 
Textbook of Mlneraleay." »'• * Pnna. 

A. V ««fe. 



^sta 





l^^irlilla* T Un '^ The 
e»-rt T XT " • h * U,d »• 



(herv^ Dutterlllea and the like rtoald be put i.b, , . 
angular euvalopea The manner o( «Z,Z .. 
shewn In Fie. 12. Never imo iheae la 

an envelope!^ 0^,^^^^-^^" 
en, of cotton and CeeeecWb. wPh^.iT, "Tfln^ 
put In to keep oat ante, etc.. or tbey can he put in aaw. 
dost Is the latter case it bi well to sprinkle carbolic 
eelil on the sawdust lo prevent mould. An excel- 
lent method of packing Insects (except trallaraiee and 
uiollla) which aro to be dried, la to make tnbaa of na- 
glased paper around a lead pencil, first writing tbe 
data nu that pari "t the, paper which cornea outside. 
One end Is closed by folding lu the paper there, aul 
llien Ibe tube la nearly tilled with freahly killed lnaecla. 
rtually the other end la c-leaed b) foMlag In the paper. 
These tnbea and the triiuxerular envelopes can be packed 
a clear box. and If •sprinkled with naphthalene to 
keep oat aula and Denxaeatida will keep Indeflnltety. 
Never pock tuohrt Insects In a tin box and never i 
even n wooden box tlnlKly If (here are auj moist I 
In II. Mould win mull if yoa do. 

ri n su.r. 
»o not forget that Information 
uilly nf iih uiwh vulw 



lis the 




■InntTsiile tTlwailsUy." 1. 
•• v»(rv.uo«uy (.„ Kvevytesly." >t. N-vniymU 
"Ih-oerlpllvo Meleototocy - w. 1.. aloore 
Advanced Arlih«»elle." i!. .\ Weiuworifc. 
■•Mensuration for lleghuiers." |. Todbunler. 
■ complete Algebra." «. A. Weelwortb. 
.■1'lanr and Solid Oeoasetry - a. A. WeuiwaruY 
■-plane and Sidierlcal Trlgonoeoelry, with Ihelr Appli- 
radon l« Mctienratloo, Surveying, and Navlgnrlon.- K 



In an artlcl* In fkimfca, Ber. R. c. Totnun 
fnrwiinl Sonne argumenla that aecui to bold good 
HironicJiout the field of physical science. 

The fundamental entitles out of which the universe 
Is cualnirtod ure of aueh a nil ure tliut from (hem n 
Dilnuic uiUvctue could be constructed, exactly simitar lo 
the present universe. Thu la called (he principle of 
similitude. This fundamental noMiilnie Is a relative, 
principle; (hat Is, the principle of relntlve slae. In Mr. 

It is shown that relm lens must bold ha- 
ll* changes of lengths, nusees. Ume lalerraua. 



. worhl In 
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Inside the raisaon of thr central pier. 



The Huang Ho Bridge 
An Important Link In Railroad ('nmniunimtnxt I* the 
Fat Emit 

An Imervntlug bridge nan recently been completed 
me rum the lloang Ho, or WlUiw Itlver, In China, by tbe 
MaM-hlueiifalirlk AiueUmrg \urnt«>rg Air, which 1* of 
m|«i'UI lio|»ortunco because It fnrnu tin- connecting link 
lioiwcca Peking n»d Nanking, noil establishes direct 
communication klwn-D these two cities uinj the Trttu- 
Siberian Hallway, t li n-« making It » notable feature In 
tin- Hilitnrnunil at rail commtiul'-iilhui (if Hie world. 
Hreut aire wiik rejoiced Im »l It In the do*Uiilug nrtd the 
rrecttoit >>f ihl- bridge account of lie uncertain 
luiture «if the Yellow Itlver. uhlrh lx frequently subject 
to flood colMlllton-, and llw water rise* »evcrul iitrlurt 
vsU bin ii few hours. 

Thin bridge, which la the largest »(«*ue pier bridge In 
fulna, la ataiiit 1,191 feet In total length, am) the por 
tioa over Hie main bed of Hie river la on the canlHeier 
principle with h central spun of about MO feel, nil 
either aide of which I* km iJMtjnf upon at about 4'2\ 
feet. There arc olwi nine rruv. ^unm, each of nliout 
.KM feet, ehrbt at die aide of the river and one at the 
•tiber. which carry Hie Hue otct t|i<* tMitiom land that la 
Hooded at hm water. Tbe <\mn« rest on piers of rein- 
forced cirt«-r»'t«' and ttafanj l»ut an mi ao-lld rock founda- 
Hntm could Is- f.. ii in I, Hie j4cr» were Imllt oa reinforced 
concrete piles which were driven at an angle to give? * 
ap reading base. Kor tbe central river pier a compressed 
air eabuuio had to If used on account of the great rteprn 
of the aoft aud unreliable niatrrbil of tha river ImkL 

At present only one Hue of track baa been laid a croon 
Hie new bridge, with a footway on either aide; but this 
la only considered a temporary arrangement, for tt will 
be a aiBople taatter, wbeci Increanlug trahV demand* It, 
to remove tbe foot way it to nut wide bracket a and to lay 
a mouid truck, ami fhl» Sh the final arrangement cou- 
*oiuplafpd In the original plan*. 



Tha aceoinpuii; lug lilnwlrallKiw give a good bleu of 
Hie character ami itctntl* of Hie bridge, and It will ba 
ween that It la n very substantial and symmetrical struc- 
ture Hint can be seen rising from tbe plain n long lime 
before It In readied. It* cost was IfltVLiV* kooplng 
taek or rouchly, about $2Xi».i*io 

Le&dleHs (i lazes on White-Ware 

Tin: possibility of d-cvuing a glaze, fiar white-war* 
thai doe* not coutairi had in any form baa been atudird 
l.y the I'. S. 1 1 menu ro* MundiiriUi, and tbe ea peri men ta 
and conclusions of K. T. Montgomery, assistant iHinuniu 
flbemint. are told in one of tint rvecntly issued Techno- 
logical l*a|»er» IwimmI by the Department of rommcrce, 
from which the folloairig fai'ta an? derived: 

The glabra used ou whio^oaro are oomiKaed of boro- 
aibcalea of the alkalica, lime, bod, and alumina, »h*ii 
are applied to a body pn tioualy Qrvd to Uiu deaired 
matirring point appnav lung vitrification mora or Uw 



ekwcly. Tlie aaran typo of glaze ia alao employed 
with Aitweican porecUiu and Hie English bone china a* 
di^timjutibod from tbe Austrian. Krvoch, and (lermaii 
prodacta where, liecauae of the low buwuit and high gloat 
Hring temperature, It in poaaililo to u«e leadlnca glazca. 



Tbe ufc id l«ad oxide, rnmruotdy iuin*.lu' .<l a* ih*< 
parbdiiat''. baa given ri« to a wtdaHiprcad agitaiion 
iMKiceniing ilie (■iltoiioiiti nainre <if the eom|Kiuml and 
iU duleUTioua indm uee upon tbe liealllt of the workiiMm 
under condition* permitting ean-Un*> operalion mid neg- 
lect of ordinary sanitary iim-autiona. A atudr of Atnen- 
ean w hi lo-ware polteriea ibowa, however, that aueh 
ooaditiooa a* have been dcerribed h» exixtuur in Kurouenn 
worka do not prevail and that in reality the ill effeeU 
due to plumbum ore very alight in extent. It cannot U- 
denied that there ia a |»tcnttal danger, but the entomb- 
ment of rule* eonrerning ordinary elcnnlim*sa and venti- 
lation suffice* to prevent lend piamtung, 

An ext4'ii»ivo acriea *vf exptTimenta wvre made with a 
number of gl&zea that contained no lead, accompanying 
a thorough invotigalion of all pbaecs 40* the auhan*l, 
with the rcjRilt. In the opinion of the Investigator, that 
it would ha very premature at til* preaeot time to any 
that we can make a leadlnta glaze for white-ware, china, 
or porcelain that could be substituted for tbo preamit 



lend irla/eo. Both have special faalta and apceial vir- 
loea, but for uee under general factory condition*, mako 
tbem aa perfect oa we MaV we are not likely to find any 
< lomcnt, compound, or cuinliimition of ropipounda which 
will exactly duplicate the many excellent propertiea 
of lead aa a glaze ingredient. 

Direct Determination of Rubber by Combustion 
Method 

A at anion that can be employed quite saliafai'torUy 
baa been deveaofMHl by U Q. U'<««in, of the U, A. Bureau 
of Standard)*. H ix de*cnU<l in No. 3A of the Techno- 
logical Papera pnbliahed by the Departmerjt of Commeree 
at follows: 

The procedure, tn l^lef, enn^lxtfi flrst in forming tbo 
nitrnaito of rubber by tbe action of nitrogen triittide gaa 
upon a finely ctikidi] ""'l MH-time-cxlrncted sample of 
the rubber tnuipvnded In chloroform. The JnaoliiMa 
nitrmite, filler*, etc., are then filtered iajt and tJwi nitroaita 
dbtaolved in acetone. The suspension of finely divided 
mineral matter ia then allowed to eel tie out, or is thrown 
down with tbe centrifuge, An aliquot portion of the 
Mention hi tranaferred with a iMpeite to a aniall fta*k. and 
its volume reduced by evaporation to n few cubic centi- 
meters. This small volume of acetone aolaUoti of the 
nttrofcite ia now u*nnaferred with the help of ethyl acetate 
to a porcelain boat containing alundum, and. after the 
acetone and ethyl acetate have i**-n etpeJIed by warming 
the boat for aevcral hour* in a drying oven, the nitnaiite 
ia burned in a current of oxygen and the carbon dioxide 
limn formed la ahaorUit in mid»-lime and weighed. If 
all uf tbe carlion originally in the sample an rubier , and 
only micli earlmu, reaches the sodn-liine apiHirutus aa 
earlmn dioxide through tin* intenmiltal** nilnxtite, tin* 
•<iuntiun CiiHw- l(K'O t emdileN mk> to ealeuluio tlw< 
('nllt4 or real ro4Hitehoue eiMitout of I be *am|4c. 

Tbe results indicate a fair degree of reliability for both 
raw rubber and high-grade vuleauiKcd compound*! Tbe 

< f I h\ - ip IIi-mI fur ■ In -i- of -grwb "•"m- 

pnundv ami fur the kiniultaneoiis determination of aulphur 
of vuleanizatiofi may be possible with further study. 

Difference of Longitude Determined Photo- 
Era phirally 

tlr a method described by Q, LIppmann In Coma-tea 
AViirfiM It la |ios<db)e to obtain a photographic record 
of tbe dlrTen-iiee of longitude between two stntlona 
without any iriiuxll liixtruniefit or iiersonal obocrva- 
rioti error. A ltA(PV0p6 1 H urmiiced to pluitugnipit a 
>>inal I r**gloii of ibe xeoltb at cadi wtiitbui. Into earh 
of HiPHo it ci*lllmnlor Ih adjix-tml tg um to project tbe 
Image of a small Illuminated *.llt on the plate showing 
the star Imairps, the hcitiu or ll«h| frooi the cotllanator 
behic adjusted to cxnet vertkallty by a uwrcury aur- 
faee. Ity lbc*e meutit tlw artltletal Uiiatres are Im- 
pre^xed «lixiultaucotidy on the Ktnr f^ntea nt tbo two 
■tatlotia by employing electric «i>urkK o|erutcd by a 
uicliiiiileiit derbv |0 ill^cluirue r\n<-lly In anlson with 
the pMtajH at n wle#'le*«« xUruil fn»m imsjic central ata- 
Hon Miieb on tbe KlfTel T.-u. r Tin- i|ln*erenre In right 
aseeuxlon of the two nrtltlcla! lanrka on the phuloirnipti* 

U Hu-li obtilllleil fr-un il kliowte^lge of Die >t.ir puhlHoflu 
from standard catnlogues. Ity taking a scrlex of ex- 
posures an each plate tbe accuracy of tbe result can tat 
appreciably Increased. 
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A New Apparatus for the Direct Measurement of Radioactivity" 

Of Value in Both Chemical and Electrical Investigations 



Mkuuuuimh ut radioactivity .-o.nl It ule an nnwl- 
Ingly nennltlvo nirtliod vt cbcailrul analysis bj which 
H I" possible li> measure quantities ■■( radioactive »>uv 
staileea I... mm 1 1 t,, |„. ,|,.|„i„| |,, the msr-tr.sssjpc. 
This result In due partly In Ibr «tr.. •• ,• lawinrrticsi 




Fig. I. — Plan of Slilird apparatus for direr! 
measurement of r,n! liu>. 

•a* the radioactive dement*, n ml imrily to the Wall lit 
lies* of eertalh electrical I Tall UaatWla. whldl pjn In use 
Is'foro (In- dba-ovcry of radliMirtlvlty. uiuJ which have 
greatly facilitated It* study. The most uu|iortaul of 
Hieae Inst man-Ills nr.- On- gul.l ] ■■■« r rlce|iwia;.r uod the 
quadrant electrometer. TU* KcnalUvi-ncss of the former 
resides chiefly In the tightness of the moving part*, that 




Fir* I — View of cnmnlclc apparalua. 

of Ibr latter in Kit- Ingenuity and tlcll.wcy uf lit eian- 
■Oimllua. These sensitive hoi fragile liettrurorni. arc 
suitable only for flat MD "f i-\|s-it physe-lnl* who an' 
able lo .simcrt their readings Into aleolulr iii«-it^n re 
menu by menus of rillber inni|ilcx methods nf isnn- 
lairlaiai and calculation. The ilencctloiis of Ibe gold 
leaf clectroac(i|H» nne rcatl with Hi* alii of a mlrnwupc 



• Trsrolal'.l fress II- Srllant x anvil- fjt .Vsnirr 




Fig. «.— The apparatus com I .1 with en. con- 
denser for measuring rmauatlona from mineral 
water*. 



halving it micrometer eyepiece; those of the quad ml it 
t'lnctrooiotcT arc lnilk-utod by a n|wt of light moving 
on a Intarpnrctit scale. 

My object wan In construct au apparatus which 
w.suld measure nidluactlvlty as directly an the arniwre- 
meter measure* current streuxHl. nod by I be Mime 
luminal (a graduated ncale uml a rigid needle i. Thin 
problem apiKui r* difficult when we remember that ties 
force* called Into play In radioactive measurement* aro 
u thousand million Ilium smaller than tboao which are 
employed in n nillll niuja'remctcr, and that tboao force* 
lilt: derived, not from n material substance, but from 
nn Inilepetiuciit electric charce wbbii la r.imiuunlcnted' 
to the appiiratu* mid which I. liberated by the conduc- 
tivity conferred upou the air by radioactive airenta. 

For those reuaona I coual r in -ted an apparatus In 
which tile welitht of the moving jtart* br reduced to the 
minimum, and the rotary displacement caused by min- 
ute elortrlcal variation* la aa event aa possible. 

The construction of tin* apparatus In Indicated In Fig*. 
1 anil 'J. The needle A In formed of a narrow rlbl>on 
of ahiwt uaetnl anil enmprura two rbjldly connected 
tmrtn : a Ions pointer and a hollow decnlor aector. It 
i*> atuiched to a very ahort aula X. which turnn on ruby 
brarlnca. Thin *U. la nttarhnl to the lower ond of 
a helical a|irlnr K. Ibe upper end of wblcb la fastened 
to til* brldcc The iqirlui; aerrea both to sUBjMHltl 

the needle and to o|>»o*» Ita rotation. 

An insulated n>l (', allilliur through the unit nf the 
cane, alknra an ilerlrlc charcr to lie romminileated to 
the tiled iVouJile anetor K. Into which tile aector of the 
needle A la drtiwu to an extent proportional to the 
chance. ciiumIiiic the jnidnliT to move over the analc E. 

In order in nitaln the denirvd rennlt It wan neeercrary 
to linivae upon the dlineualonn and weight of the part* 
lttnlta Hint taxed the skill and patience nfeiprrl watch- 
mukcrs. The needle b> aboat 2 Indie* lone 1/l.i'iO inch 
thick, and welclis 1/7 xxalli.' It waa cut from one alieel 
of Innin-red Bawl The axln. ixf the name nsaterlal. 
welxlss 1/ib jtraln. The Hii-|*fHllnc spring In made of 
a ribbon of ntccl l/JXalri tn.-h tblck. 

Tlie llxeil neelor K. tile only part that enritc* nn elec- 
trli- eliarite. Is Insulated by Hie nillluT plate /. throiiali 
»bU-h Ibe Kiipiairt of Hie sih Iih- exlemln Into Ihc iMNf 
eluimlier. wlil. h eonlnlus rbe, rmliialitlre mibslnnrc. The 
neeillr In alicayn eaaaatcM In earth Ihroush the stew 



mny be Ioik-IhsI Willi Hie baud withiait nlterlng the <lr~ 
"V'etlon. A charged Instrument wan twrrled from P»rln 
t<> Berlin without loslnj; Its i bnrse. 

When a rndloactfre nulmlanee Is pluccd In the lower 
compartment Ibe air In gradually loniaeil. the lixml we 
lor A In gradually dinchargrd. und the needle, Impelled 
b.v the spring, prturnn at a uniform rate tirnard t tie 
aero mark. If the WaHWMIIH nubnlance la reraovrd tix* 
movement of the needle Instantly < 




Fit. ».— Apparalua combined with , npeeial con- 
cenner for the meaaarcmcnt of large quanlitiea of 
radiaaclive anhatancea. 

raaWttng H>rhw. »o «ln»t It fat never dmrted. Thin |. 
n rWT uii|n>rtanl detail. It allows the aoaie to be piu.ssi 
icry irear lbt> tieeilie and given eertalnty to the opera- 
tion of Hie lltotnimeriL A i-hargisl nenlle would arlherr 
to Ihe M-tlle ami innke measurement nn|.i.*lh!e 

|u the line of the alt'limttls a sisinll charge in first 
.snnmunleateil lo the Died sector K by means of the 
liisiiliilcd risl V, which In iiu-lnsl hiwnnl until It iilmnat 
linn-hen Ibe sector. The charge altraeln live mstor .if 
the rns-vlb' .1. canning ilw tmU$ lo turn on Its axis. 
A eharge obtained by rut,|,n.g a pliss? nf sealing wax or 
nn elKilllie |a-uholder Is sulh.-lent to produce the nmvi 
.mini deflecUoll of Saj degrees. The ueedlo remains In 
this position ns lm, K H , the Bxed aector retains it, 
charge. '1'lnj appararua may be shakes and the need!* 




in* 2.— Vertical section through the apparalua. 



i l.e movemeut U .ery easily .,„,„„,. Kuf 
a «»«■■ «u«,uty of Ihe feebly radioactive 

an quieuj aa the pointer of a Ktop-watcJi. The 

m " la ""' «"•' •ri.itrnry. no that each mean- 




Fig. I.- — Hrilard apnariatua for direct »eaauremenl 
of radioaclivily. 

umneiit umwmuHj Invol vis n .imi|iaf buw with a stand 
iiril ritdkiatti^e sulisuinccs. In Hie new apiaimtiKa, the 
•Uttulty of the uviiiiutlng inn] fbe eonstaney of the op- 
insthig form, in? the aptauat imike it possible to standard- 
lie the scale once for all. 

I use a ncaki bused on the radioactivity of the Mack 
oxide of uranltun. 11,0. A surrm-e of as aquam centl- 
4 wiuiire Ins-hesi i-overcd with a inyeir 
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Flf . ;.— Interior of the fan rotedvocr. 
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uf tula uilde at satiable thMtttesa (larnm In thick- 
beyuDil * certain limit prodttcw ilttlst Ciange In 
nitl lus>ct I vttf I causes to* Dsrdkr to nova orcr one scale 
vtlrtaUin ra»r wimL Tn# radlnarttrltj of an/ utter 

e nnnilm of aroviiil'*. hh kIvpu 
by b aceoDjds' clock, oevvvpiet! by (lie ott^lle III trav*rs- 
Iiiie « idrni u umber o[ scale JlvW.sw. Tb* numlier of 
illvlalonfi divided by tile number of second* oxprosaoa 

unl(». An miilvalfiit meUiort conubjtt In . 
liumlier of araUi itlvUlnoa irhlrh tbe nccdls crosses In 
1<m* *eronri*. 

tHoltwnod ha* found that at the total radloacttrfty of 
uritiilfr-nKin mlucraU bImkh 20 per cent U due to uran- 
ium, l»l |«r coot to radium and itn derivative*, 10 per 



Dibit* (In a thick layer) a rndlonrtlrlty of one uranium 
unit contains from 'JO to 30 per cent of IYV and about 
one part of radium to cacli 3,000,000 |«rl» of iirenlvim. 
With the aid of tbettc Jala a nearly cownlvte analjrala 
of the nuUuaxllrv lu»r*0leilt» of a mlncrnl ran lw 
uiaile by one laeaautwient, afTta-tod In lru» loan ana 
tuitiute. Mineral/) couuinlng thorium can be analraed 
In tbo HAioe way. Tfan aanin mctliod la aHillcablc to all 
wvlhl radUiartlvc «ut.*tii>in>«, milural or artlllclat. noicli 
ii* tlic mild anil nr«lilu.-» i.t li.-t arTliitt I 
product a. etc. 

For the direct detcrmlfiatloli of largvr quantftta* of 
radium (0.1 to 1(0 lnltllKRiiniiw-) the apnan>tiw U at- 
tached to a tipechtl coudeiwr (Kl*. ■>>, which allowa 
only the gamma r*y* to |auw Into the UinUlox chamber. 
Kur thin |iur|«m,. I be wul* b. so oanslniitMl that a dU- 
iJiuwncfl of .*in dlvUiotl por wood i-orrc* ponds to one 
lall!lgrsBian< of lwro radium. The uranium scale may 



I* eluiaoyod, however. If the ratio between the two 
unltn bus Ikh'U determined for Ibe apparatua, 

Vot the niMtaareiaent of radtoactlre einajialluna of 
mineral waters, nod other aiUs-tano*. Mid, liquid, ox 
gaannu*. the apparatua U combined with a gas condensn 
irica. 8 and Tj. In Lhu way It la possible to detect 
the radlnuctlrlty of one ten millionth of a sallUgnunivvsj 
of radium, which la the average radium content of 1110 
grammes (about 3 ouuceai of jtratiilc. 



In researched which have nothina to do with radioactiv- 
ity. Ita Mertfcltlceneaa la Indicated by the facts that Its 
capacity la 2 eleitrwtati* units and a current of lfr" 
amiierra cauxw the neodle to move at Ibe rate of K 
leticn the apparatua la well adapted 
of atmoapherlc potential, the eler- 
of rulo drop-, and the lontuUoo of the 




Radium Therapy 



Notes on Results Obtained at the I^ondon Radium Institute 



■bows that a great variety of tm« were (rated. Mil, 
» the InMitnte makes it a rule uul U> treat <**4* of 
malignant <hn*H*H«# (hat are nrniraldn under ordinary 
.•ireuoixtiinr-r*, thn grotnr part of it* work is iw?r«arily 
in the nature of a hut resort. It is therefore a matter 
of crvat interna to note tbo unexpected uiimUr of witch 
ranee lliat nrv rliuwod an avparvtilly firvJ, (if iuiirs« 
mic-U n rxMilt i*an only )•*> jwiiivdy cJaimoii aft** the 
lap9(o of a long period at tinw, prolMbly scvltuI 
wlu-n it ran bo definitely shown that no nuw iaani- 
rt'Mtatioiu of lim oriinnal diauase havt* aciponn*1; "till, 
with tlw short n^riud for vbaervatluu tliat ha** >■»•* h*»p» 
p*iwiilt(<t thn tnd»r*t3on» in a wry "atafacti.ry |«-*wntjmo 
of tbt* pawn treated have been of an onwimiffioir naltin*. 

Ttw f'tlkiwicjc Dut« cnnjtituu> a Irrk'f wounary of tlw 
rum* ii>fJud«d Id tbu rtffHM-t of llu« 1 unlit o^. whHt 1» a 
valuable iMwitribution tn lh* liu**turo of radium tlwrapy. 

The KsulU obtained in the treatment of <T>*tb. lK.mftUi 
HiT»Ttiiqt irlaltrrius surfaces call fi* no fmth cimuncnt, 
and in wuttuM.' (D-Urxxi rvmv.al i^f thvicroMb by radium 
may bo ronfldYntly anUi-i|i»U4. 




i KtiU |in>ve both nfnu tory and ititv- 
H|>]M>irittnie in llu-ir rf«]»»iiM< to rudiuiu, but it tzit ttHxl 
4kf trvntinrnt ho* r»«-» nU) r»t»»*ii<lt'»lH«»il »h(t b In iiiatauc*** 
of >*nrw o( i bo toniru.tt bim jivwi di>rin«-tly irw^iuraffing 



Sovt*«| wh <ir cpitlielioina uf the o*«upliaKUi. baio 
bmin und.T trt«f itt-<nl, but uiafi-rtimalvly the majority 
of tbfie havo htn-n ic> >-i advanifd a ** t*» ]>T)*- 
«'lmb- all twtpu of miw«. In tbo««- inxtnnrr*. boanvrr 
»ti»-r«' i «-iu|hV<'ti' <HH'Itj»on luut not ofi-iumd. and it wan 
IMWhiMn Ut iiilnHlm rmbtim tw liially into tlic lutn«*a of 
the irrowth, duiin. t tbotifh f tn\Hftuy bfiu'tlt Itan r-- 
i-ollrd; Htid that this effc* t i% not nwTtly nnHrnanii'a*, dint 
U* tlw- dilallnii of tin; •etneturv hy ihv- af/tparatuit, i» evi- 
di'mnd by tli.' ttu'i that ill*, 1 iini)C'Vcmi:Qt in th«? pir»f* mf 
flWidlowtnK ha« pewixtn) f«.r v\% or ••wn aion inouthj 
after thv Unninat-iin of t)»: tMtnirnt. 

("ar ni'-inH of tbt* uurns still eontinui-t. to ywhl matt 
sratifying r**iiJt>-, and thv nffwU of radium tnatmont 
in inopcrbhie riwei am far in ad>aac<t< of thoae obtained 
by any otlw biwim nwxiir*! or ^urifi' HJ m- tbudK Tbt) 
loeaJ taantfnitattoD? of tht- diM-a»e arc tHin^tlud i» the 
itwwt Rtnkinc fMhluti, and the vomplete disa^icarancii 

funjeatinfr growth, am^t of lu iiMirrhagr and dtJuliarKe, 
bt>atiiuf or ulecrationji and n-lk-f from piua nrv phtMioitkfna 
of almiMt daily oocurrccee. In favr*r«b|# niuiv 
o^rr. tlw trPHtmcnt apv«an to exert a d»tiner|y ward- 
ing inn.M H. r on the diweiniiiatiun of meCutatir- d«^w.iU, 
and Ihic am-sl lU jnsag>-< -.I" thn .li-* u^'. It it wit 
Ii*fr\ I- 1 1 r . to»rf*-akof ". un -*r»vn it. U..** | : n-vr 

<;n«t .-.ir. >ini«(. I- wi-rriMd in thi- tri'iitnuiil of 
r.^. urn-n.1-*. «v!ii.-li miiV.. lU-ir ajif»Han.n<v within aix 
tu'tiitlis of tin (Krf»tmiaiu-« .if » \\Yrth<tui'» "|« , riitioii. 
Tli«i furi*'(i'.t»i of Jlic tn>ubi>' n«ni*P «f thn jh*Uu wvtn 
i*f t. ii to U- s.-n-iody iuiuaind by tl^ rxtviuiw aiul .Utio- 
. a-hieh .« iiK-.sr,»t«J with this mrthnd of 



In .if « , an:inomu of thv lir»-.i.-t niocr i<uti»nt.H 

i-xhitMl » K f,, *l >.im<'.'i-lilrility u» radnnu, tli*' jirittinry 
cn.wtti ImMKinw 'fnalUT, iufwU«J irliuid* and suU-utJ.rif 1 - 
.iii* nmi'ilc* Un» n or (-* rha|»j « \. ti disaptxar. hitd« 
,t ix. .0*4^1 app*«ti( to Im> o\*7T..1 jn tin.. iw.tMi.mil of 
r... t*wr. d«'jHHit^. tliouch tbr trvarnu-nt iU» - u*»1, ar 
au> Tar.-, li:*>u n ibiiirdt«bx.tninatioii. .Sunn' .a*-« m who li 
p|.vuri».v. dviie-iidriit upoii . .irvn, ( .ttwt..>u.< inviivi-.ii <f tb (! 
phuni, had b.wi im-«iit Jium »l„.uii n.iiMirlsal.h' iiu 

v«itr|i. cit 

A f«-v. it.iu.-t.tv Iciw.. tM«u «n.t..T lrt.itr.i.'t t t at iNr.r. rln 
.,f ihnc i.r f.Kir oiunlU Fin--. Uk uffiuug ^'f ll^ Imtttuto 



and it ha. been noiad that a stage 
in reaehod soaner <ir later at which thu 
fail*, and thu twovlit deriied • , H<runi..'ci 

Kfiroiiraging ru**ultJi have boon obtained in tlut fnw 
of earHnom* of tfao thyroid that have <mmii*. 
■ notion, the progress off thv dweiv*o had bwu am-iU>il, 
and a d*«iw in the nixe of tbt- *nutUi« gro» Ut haa U«i 
obtaitH-d. tbv ^-tiH^l dU«onifi»rt ait-l dysphagia abvfl 
prninnt br ing trroatJy rr4iovnd. 

The supvr&tioJ Intion in Paget a diseoae ii usually 
Bpvedily cured by one 1 tour' 8 ex|*uvjrr< to a batf BtT4*ngth 
pfcito uiwrrwmd, hut the undcKying Induration and 
affoet*.in of glaiidx, if prw^nt, r«|nir» proUtng.il nrnatnMint 
with bnavily MTi^-iud applieatarr. if any mal benr-flt ts to 
he obtained; in coin* in which the patient is williiig to 
submit to operation this prooedurv ahuuld alwayit be 



Can iiioina of il»> tvrtum diaplay* niiich vorintiou in 
iu rvapouii U* radhim therapy, and numexous faetorn 
have to ho considered in proRnovis. Speaking gvocmlly. 
the t*oft annular and tawnilar tyjev of growth In mtivu 

favorably aff.-. t.d lh*n tho flat, liard, t 
pUqiMt with much aub>Ai*. nt tudurntion. In the. 1 
ment of this 1»(.«tt elo&s of growth the action of the 
gauiuia rayn [wbicfa it n tiit|*>j^ilil*.' to prevvot/ on thv 
healtliy re>-tal mwju* nn'rubrati.. ..p|K.>tltv tbu plaque 
prodit-** a pnwtttU. which tluiugh g.nondly Uaju.ici.t, 
•nmctimns provm both nvrsistent and acrarn, and add* 
greatly t<i the p&tirnt's diseomfort. In the treaUnent 
of the fomur type, if the radium tube be of proper 
dmK'nwinfw aiwl lnfriM)iM^d a*t-iirntvly within tho (iiitKut 
of tlMtgniwth, tittlp or no hmlthy mucous itMimbran^ in 
affi>i'te«l by the gamma rays, and no pnWitix oeeum. 

<! row this situated in thu upprr half of tlu? rtxtuni 
appear to lw more am^nubki to tnulmetit titan tJiwu in 
tli. hmrr. tliuugh thin may »»■ diu. to Ihv faet tliat 
tvuwniii* is alwayti mum constant and scv.m when the 
growth i* m ar (hi> sphinctLTK. 

Tlie number of easm of earcinoma ot thu prostate which 
1h»i- ht-en treutvd -ip l» thv pnwbl i» not very larg«. 
l«it benefit Ixhui li'Ued in all of tht»ni. HavuiHtuHa, 
vhon vxbiV'nt. bjut Ut n citbrT diminisbid or aboliahod, 
pain bait bct-n groatly letwned, and tlie size of the growth 



Nine canes of L-uiTtiuoina of thv btadskr h*ve bt*u 
trcfttod, and in *-x iiy»(Ant»»i th» r»«ult* havt> 1mv»o m«t 
gratifying. Tbo hasmiatiiria, nystitis. and all sub joe tiro 
ftyniptonu havo ilisap|ieanMl, and crrtoneopie oxamiua- 
tion hu shown that the of the growtli has been 
Cn-atJy h^wmcd. »nd any uKrat»»J turfae* haa bwou» 
o.aVi t>-*1 uitli lunllliy . pilln'tium, 

ll>it little ho* Imvii uditnl Vi -itir kuyjwbdg^t of the 
Inalii.tmt of rodout ulcer, IkjI wln-n dLMding with thv 
qu.-ltim uf pniruiwiB tt *pr«*r>i jiiKilfiablu t« dKul*. 
nut.nU ulff TH «it>» t«'i d. tiinl. " lii.it id iy t «:» 

1. Tin* )iyp.'rtrt»]ibie inwluUr ty|*\ witli slight 
soperrir<iaJ uloomtion ml a waly iJiaracter. Tbu eloas 
rvsjionda extremely well to rudium, mid yields nn»at 
«atinfai*Njry n^iilt* 

'-!, The .'Tr»>a»-»ng l> p» - . uudmuinml and over- 
hanging o.l«oii and n grUiinmm l**e This not infre- 
quently provns v<ry in trsn-ta N« t and retmir is most 
difBeiilt to effort. 

Hodtut ul«f» attaeking c-^rtilag* - **r jiuie.ni* 

no mliratj." »r«' \*-ry r-'frsu-'.-iry, tli.mvb a» rxivptmn 
*!, ( ,iitd hi. iiiftdit ui'Ji n-ganl to tlu- orl«tal luu om, whuh 
is p ii'TAlly viir.v amvnahle to the wti.*n *n nuliuin. 

S t t. iiVintr id ir«T.<riU ttrms Hamitnata, It* u*V* a tn tin tr 

•"irly -tjigt nnd l*-f.»rv dtw#ntiin:Hion ha* umxl, do 

n-ry w.-l) und.'r ra-liurn trontmnnt- 

Tfr (.,-<« r,->dt.N nr.. obtain.*.] in ^■.n-omnl*. ..f tli. tonsil 
and iH.^lnx^d ^ttkx-, and thu refills ui i 



th«» growth* compleUJy diaa|ipt«ring withni 
six week* of thu tr»Uiirnt. I>mph«amtm»t» alev 
give cdteellent rusulU, Melanobe sareomata an> not 
Intluviiced by radium, and in thv few i<a*ra that harsi 
liwai trX4tPd no lnwtflt ha* born obaorvtMl, 

In tymphadenama when tbo dianaiw in liM*«Ja*:d and 
confined to one or mure unali sopcrflrial area* the iti*- 
a(ip*»arane* of the -atarged glaoda ia freqaentiy hnwght 
alwnit by the use of radium, and the progrusa of the 
dunaao tn thux am* ted. 

Wheai, bone v or, thn eondition u gmMvaliKed, thn ko- 
ptoymcnt of nuracrouu large and powcrfnl apptieaUirs 
tHH^niM ni*o*sssary, and thin heavy doaagi* is almost 
always followed by aovoro sr»t*-ni»fl dirturlianee. with 
high toninorntura nnd gconral malais*. AJtr* thn re- 
action has Rtilmided ounsidcrablc improvement in .if ten 
apparent, but this b only teinporary iu tdiaras't-T, and 

nnvvrity. 

In almost nviiry instance of mediasiioat tumor* that 
have come under observation the ratv of growth has lionn 
Very mirkedly rbeeked by the luw of radium, and in one 
or two ro* ( .« a detail* d^-rtiaaa in the sixe of the tamor, 
n* s»en by X-ray Min-nning. boa undosibtedly oeeumd. 

lf the eondition lie aee<>iupanied by an a^'iimulation 
uf fluid In the pleura aud paraooiits-sin Ui nerformrd. 
radium a|>|->«ri to enert a v«ry romnrkable action in 
loaaening thn teouV^y of the production of further 



In fibroid diaoawa of the uttsrus radium eurrtn a tnont 
betiutV'ial action upon the di»trv*fring symptoms mm* 
nrrhagu* aii'l imdrorrliagias whioh arn the almost in- 
variable i*o>noia|iutanU .if tlti* condition, thouirfa it 
seldom produeca any very gn*ut dimiuutiim hi iImi ni*t? 
of thu uu-run. 

Ltuir>>phikia pateliea <m the toi-tRue, rbiMik, or vulva 
am i.pe. dily reniovvrl by radium, but ihv.y tewl to iwur 
iuhiiw or later 

Before dpn-saing an opiiuon an te> tl*v (ntaijbiliiy of 
nwlium treotment efftettng on impiMv<uiH.nt in any 
particular iuril&irce of Hut siipertieial naevi, eapi!lary 
nacvi "port srin* Htaiii*." ete., it is advisable to riub>ts^t 
the ledion to dina-xipy. If blaiichiitg k» readily vffweted 
by gentle preasure. thv rtwult uf tlw trpatmont will prob- 
ably be sallrfattt^j ; but if it lay found impossible to pro- 
doco blanching vWH.pt by groat prewar.-, it u unlikely 
that radium i*an do muoh for the oondilioo. 

In&nite paticnoe is t>ooetisar> in tb« trx*tment of 
aupertldal naevi, and the vitmoat caution must be ©b- 



Ca\«srnmk» lUM-vi .lo fijwUrntly under nwlium. u»- 
n^ ialJy wh.-n of wavh aliape that "cr<mi tr*>" radiation 

if< |*.«ible. 

Wart- and p*pil<n«mt« yn-ld r.-a.]il> to short c\po**urw 
r«f fr.rt.t twenty minur. > to .wir Imur's duralniu uitli htdf 
utrtiigth ap|«mtus unsiinonLii. Tbe nwMmi in but 
alight and tin* rt^ultant «rar acaruely uolh't'tibte. 

TuU-iruliwirt of Clandn,— In ctwt* in whi^h surtrieal 
niv;*.turwt hiisL* \**n decalntd for eotnnetie i 
ium mftpn proves «»f <*iwid>rohle value, eatber 1 
alone or as an admi^t to voccinQ trealmvitt. 

Lupus Vulgaris. —Aa a rotiliov tivAtmcnt for thia 
diaeaae Kinavu Hirht is irri«»tly to t»«- prcf.!rred to radidm . 
but wlv rv it fad* t" ofl.-'t a euro or improvement radium 
aom* tirnrn prove* of gnat uae. 

Iu spring I'utarrh the employmutit </ radium in 'tr.»nidy 
«o W ad\.H'alid, an it will «»fteii eiirn tbo m.«t infract- 
aide row-. I '.'mould idiim> ncra*y is, however, u very 
iiii|K<rtiuit <- h [*idt. ratbm, and it is cwnttal to pro-'ev*! 
mtb i.t***( finitiim. triviuc fflwtrt nnwr.-.-rml .'Xiwwiire. 
nt intertahc of a T.-rtniKbt, an<l ran fully in ding tb.: 
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radium, runl » general iinpmvmncnl if not complete cure 
e«n 1»- *»/.)> tiTodicUxl. In tender and painful keloids 
the nuatulhette cfleet of nubum is Eenerally very marked, 
and appear* \try wwly in the treatment. 

Ill Ibe ea«' «tf I.upu* KrythentatouiH. ll ha* been 
found that th» dcWdedly intractable and 
ilimur. often respond' favorably to 
after all routine method* hnvc f»iU«t 

P"nria»L« and ( 'tin mii< Kerenm. lloth tlieee oop- 
dinon* Ri-mrally yield rvndily lo *horl Jlitfereenod nx- 
|.o»jre« «,r from t»n to live minutet' duration, riven on 
three soecevne day*, the M-rir-i of ex|a«ure* beintt 
relocated at intervnl* of u Micthiylit. The |>*teb<-i ipoekly 
duii)>|j.i»r after » hliirhi supcrneial reaction, awl in 
i-exeniatoiu euae. there i« but little bnileney In rc- 
rurrrini-e, With pMiriaau. however, the dincaae ulniiwt 
invariably reappears after a lime, thoueh with some 
patienta the interval lhat clapMM may ho of many montlw' 
duration. 

l>lcherufieation of tho skin, wllb its altcodaal intolcr- 
able lUhimr. i» quickly relieved and often completely 
cured hy mi.! exponiro of dm or fifteen ininulea' duration 
to it half strength applicator vpMjod with (Mil milu- 
nteter of aluminium. 

Pruritus. Tho analnccic effect of radium Is of urn uf 
the «rct.u.t uao in tKi» 4m**, mid short i 



e.X|*euireu tft>i|ijfntly prnd'ieu u degree or Miff which in 
UHullnlitabUi by any other measure. Thin ii e*jieci»lly 
tiotyooalao if tho pruhtni iwur in association with » 
definite lejhm mob ax Lc-ucuntakia or hyperkeratosis. 

Few patient* vuffrrirur from exophthalmic cieter ha.ve 
ma yet been treated at inn Irtitiltile, hut the results ol>- 
taiiw-d an* sufficient to justify a trial of radium when 
otlM;r trt«tnvjul« \m\* TuilwJ 1j» |tco<iuec any MuJl. 

ArtliritiK Dvfitrtnaiw -Tho ilaily admioutratinii of 
2T»o rulkin vtuilimrUTS of radium <<4uanaUtin solution of a 
Mrunirlh <J a»t 1>'» than 1 inilllmiric per liter lo itatirnM 
MiinT*TinK Trom tlii« •4ik1in»t« t and painful dUca*< Ih Mfvtno- 
litn«i ntti TKM hy vlt.v rvmarValilo n-<ult« It i* difflrult 
to jm-tlir-t Willi <-»-rUluty tht: d^'KTiH> irf iititin^vrment 
liki-ly to ikcvt in any nartii-ular in*UinT, but tli« 
wllirh nfi|»<ir to diTli" im>«t hrm-fll aro th<io< in Mhifh 
tho itiMW isi ot rulatin-ly t«hi»rt diiralion, and tli**rhanirn4 
am pitriartiuular in ty|Mi and inultiartHnilar in di»trl)>u- 
tioa The a«o of llw |iutl«nt alao bxitu noon* influnioo, 
thiMe uwUir 40 rooponding more quirkly to ito at-timi 
of tlui emanation. Caaca witii a d«nnit« cmity biAt(«ry 
Hutnntiiius mptriom an aoot* awwbation of all tht-ir 
»yinM<«iw xiUilt) Urn iirnt wxwk or ton day* <>f tli«r 
treaonont, but thi« disturluncv is quite traoiimit, and ii 
usually foUowKl by a distort cluMur* f-.<r tbt. hrttor, 

I iltl* or n„ Improvomcnt «n r* h»k«d f.* in i 



whw <-MrUlairinoux or owiu« i-«aiM^«* aro itrudominatit>. 
and tha radttim emanaUon wilution i» powifrma to britm 
ahout tha abaunrtiun of ontwinriTtic (Cro»th« of tho Iipob- 
"tiinE of fihroui or bony anVy|mi»- 

Wbi-n hmit»>ion of movemrfit i» dur to peri artloulw 
lil»n»ui tliirkiTont; «omi<l<rahli- inereaBf uf motiility o/t*n 
folluvn <in iho takinc of tbo radium water and enaldca 
I'ationti. to perform ai-tVun*. «urb « fotdinK th»owlvc«. 
"riKihinn Uwir hair, «haiiiur. *t«.. >»bi"b tl«.y may Ju»vi> 
t—<Xi puwcrlnu In do for wwito" monlhn or avrn ycarj 

Other favornhfc nfforta of the trmtmml air tbo Imartn- 
ihjc or diiiapiM<anuK« of tli« muarular and aKieular pain^. 
tlm irralliu! of the joint* on movnmorit i' not no mark'*!, 
the miiw-lM rt«iun rnunb of tlirir lort tone, aitd tho 
P«twiif» e «i«ral lualth In murh iraim>vod. Thu in 
o«|K-i 0 Ily niitirnablB wlwm the p»U-nU are tuSerirur 
from wuientla. the hayeinucl < ihin indM bt-init rapidly 
inervoscd. 

Mwh mwRh «.»rk ha. yet to l« uudwtakwi U> 
Bn&Mo an at««raU> opinion to lie 'nrmed of the maouiT 
In vrhieh raditini omiuiaUon solution produo«« tbi-io 
•witlts. an it» aouon Kppnan to be a mnltipUi and highly 
«>mnl<.« <hk, but tlm ranforant of til* body fonjumls. 
Iho inorvaiie of tianlu oxidation, and the duuolrinK urie 
facton vhtnli •xiqtrlbuto to it« 
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Chroatr «)c»ratleu> 
SKIN D1BBASKS — ■ 
KHoJil and rtcloiu cicatrtcca t 
l^nnus «rutb«iiutoBus ....,..* ,. 

J'snrliUla 

Pruritus , 

Chronic arcem* . . 

UchoBScatlon of akin 

Myeoala fungoldn .. 

Ko*ntx»n ray derotiatill« .. 

'I'l-liDrlncUsts ... ,, 

HrpartrlchoatJi 

CRNERAI- OISBASBS— 

Artarlo-tveloriiala 1 

Riophtlialml« goitre 1 

My«loten<Hia laokaemla .. 

Myaatbwto gra»l» . 

NeurutlMM* • 1 

Nfinm • « 

Ooul 

NaorabjEiaa 

Rliaunuittatn 3 

Arthritis d«fonsan» 41 
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Protcrtint! Canal Bottoma AgainNl (he Eroniora 
Cauxetl be (he (<bc of Screw -Propelled 
Veiwebi 

By Our Berlin CerreanaodeBt. 

Iv Is a fin.1 nf onnineo koowledct' that Uie Ui>t1eoi of 
n eJinnl Ih ii(feete«l In tl hleli iteeree by ucrow-lui: opera- 
tion In tbr enntrr tliern lr< eoiwlderatjle eroHlon, the 
v.K«li«lonl Mod fonuln* on iHith »k1e* or»ttroetUinu 
vrlileh muxt be mnoviMl bv eivttly dreilidnit. In order to 



th* pro 



reunrdji the iiiw U* which eniuil erosion b* dau, 
, „t [,re»ent v< iernl niro<-niel>t thnt the phenooj. 
enoii li Minlnly t" I-' «* rtbr-J t« th.' rnlut elfrct of the 
(•rr-|»'Ut;j «-rew ami nuMi r The ucrew draws In tl K 
ujiler it, rti*eriillN lo a fi»cwnrd direcdiio. nnd after 
«»*••• Utji | l hy It. all..wK 11 Ui Itow fIT backward, In n 
no.tt.o, „ ,\r~l eylln.lrl.nl. uml sift^rwanl dlventnnt 
,»|.lri,l ) , ,.„n.i.rl»li.c ii r..li.1lnir nr«l an KTlal eomponrnt. 

Tr*.** ninde l*y I*. i;elM-r>* f..r flte I'roHionn )>e(«rt- 
to.'i.i i>r i'ul>nn W"ik Imv'- t'tfinriit out titr promliLent 

Marl Idityetl In thb ^>onerii^«i by the nobler A ruct 
dcr arrunjcod behind the propeller i;erew wan f<mnd to 
deflect pan ot the rota lint water dowuward, I. 



t,™nr«l the ean.il botloin. thox t>ro<lor1ni; eroojon. He 
Iberefore KiiiMiided llwt IhU etr.K-t -hi.ol.l l«r |ii>'VvIiUhI 
|,y |ire> idliis. I" Hie rlulil and left, rcsjiocltvely. of tbt" 
prorv-IU'i' >en-w, t«t< rnitili-r^ n'ttofihit: only n« far an 
the b.«« ..f th«- »»«' lii u dowiiwnrd dIriM-lloii uml 
llin* I'llinlMiltlni: any drtlcuttun A the rotnllni: wnlee 
IKirlic^-*, 

In ae*vi«hit)it' ulth thh* KUxeevtion, the frtiKutau 
cm-erumrnt hmi onlrrnl nil ennnl Hleiinierw to no fitter] 
with twin rudili'ni, tlciu*h tbU a rr» tieemcot affords « 
[larttnl proteetion only am Ionic an the rudder U held 
HcrilTuMy anaUlKhliie. In fact, an soon in* the rudder Im 
turned. tbi» enlerlne the new around the jcrevr. there 
(„ a c-oirtnernWe eroahui of the einal bottom, nml alltee 
tlie rudder in Intetninl fur u«e In fb'erlnK. the benefit 
to lie derived f,0 «" l»r. fiebernV i*eheiue W ipilte Uluaory. 

privy ('•iinrfl- T <l Klatnia. I hit well-known Oerinau 
nntherllj on Kbii.btill.llni:. who llr«t enuiatnted thl> 
opinion, therefore decldinl to Itneellente lh» problem 
more il""ly In bla prliale I'JlKrtmentnl tank at trie 
, hnr |,,Hecliiint Terhnle.1 lllirli KehuoL A pr<ipeik>f 
Mjrovr mi arraneed to work ou a very lutbt and bat 
tout. In conjunction with a wrlea or rudder" tented In 
rhotufjrtiphic dew! were takea dgrlm 



,, K . r „ll.«i. (hn^iiik 

ineiii" " ! •*»"Wlaht^ tlie mud ted l»loe 

l,. s tetl ple*t<stni|ihlcnlly uftiT each estterluieut. 

The reeulta lli<i» ubtatned are ettteniely Itilnrentlni:, 
•uol '" w,r c onl l^*'* rlT tB * expertrAenter'K vieu-v 

Kdi. tnal'tfcapli lUtn« were |.re,ieml. wbkb .1 
the [ilici»«i"fn.i at itoae In a i 

lexu »' H " Jnl 
l„ B and .Sel|ibiiiWbi» 
p r „r. »'laml»'» result!. 

After three yearn' eirwrltnouttuc Prof, riamni »ua 
ectB the followlnit eolutlon of the problem: If a bort- 
luutnl pls'e he flltod to the lower part of an ordinary 
rudder, the water linen deflected downward from the 
vertical part of the rudder arc likely to he farther 
deflected In a hortaoutnl direction, thus not wttiklne ihn 
omul bottom. In order to ascertain whether thba 




of model experiments to ha made at the Boyal Te»t|i, 8 
, iniii'. on rudder! uf the moat varied kind*. 

Meet oirvful experiments on a laruc wale were thoti 
uiMlertaken on three veaeela. Id the tiainf of the Pruu». 
alnu governnmit. by the rOratunwnldc 
HyorauUc Knglneerln,, each 
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Propeller without rudder. 449 revolutions, 
duration one minute. 



General layout of the apparatus employed in the inventi* altow. 




iaw «\ 



Influence of th* protecting plotew upon thr 
canal bnttum. 



Simple rudder without plate*, at angle of 3© 
degree* with axis of propeller. 



Single rodder with plate, at -degree angle 
with axia of propeller, 




Single rudder without plate, si angle of 20 degrees 
whh ub of propeller. Shown stream line* de- 
flected by rudder behind propeller; r»S(J reTolutlona 
per minute Duration of experiment, 30 second". 
Pit. IS Bin. deep. 



Single rudder with plale; 30 decree* to the axla 
of propeller. Show* at ream line* drflected upward 
hy the protecting plate. Revolution* per minute, 
440. Duration of experiment, one minute. 



Double rudder without platen, placed centrally. 
Distance between rudder v, 1MI mm; 330 revolu- 
tions per minute. Duration «f experiment. $♦ 
aeconda. Very violent and irregular rippling 
entire *urf are. Pit. 4 mm. deep. 




Double rudder without plalt-a. PUced high in 
central position. Diatancc between rudder a, 120 
mm. Number oi revolution* per minute, 450. 
Durat inn of experiment. SO accoad*. Modest 
rippling of the sand surface. 



Double redder with plate*. PUeed high In cen- 
tral position, IWatanee bet »e«-n rodder a, 120 mm. 
Number of revolution*, 150. Duration of experi- 
ment, :t0 second*. Cracticallj no rippling of the 
•and surface. 



Double rudder without plates, placed high at 30 
degrees with axia of propeller. Distance between 
rudders, 120 mm.; 550 resolution* per minute 
Duration of experiments. 30 aeconda. Very strong 
lobulation of the land. 
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I'll I he imAtagtuf t«mn drin* Ay 
«<"<<« w/,tr, Ike „n,,rm rrruu. in 
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Propeller with air apirula. 




Turbulatuia by the propeller with ruoa>r ar<t i 
without protecting plate*. 



J 



*Mpnl lurhula.in.i .>f ihr rand and formation 
of rt|>|ilfK. 



HUM lurbulation of l he sand and »U x hi 
formation of ripples. 



Si.Hc rudder In HMnl pMiMM, „,.,, 
■Mm ><r nn li„,. drawled b y „,M rr 



v n v 



I inutile rudder with plate*. Deep and in i inlr.il 
position. Dlatanre between rudder*. 1MJ man. 
Number of r»Tnlulk>o« per minute. Duration 
of experiment. 30 aernnit*. Slijrht rippling- of Band. 
No pit formed. 




Double rudder without plate, Deep; .14 dcKrcfa 
from ceotral line. Di*tance between ruddera, 1H0 
aaan. Number of revolution* per minute. 330. 
Duration of experiment. 3D fcertinda. Strong 
ripjiiinr of aanda. Pit. I mm. deep. 



l>ooble rudder with platen. Beep; M drjrrrra from 
central poartiau. Diatanrc between ruddera, 180 
mm.; 360 revolution* por minute. Duration of 
experiment. M aeeond*. Hardly any rippliag of 
the aand and an pit formed. 




">'i I. rudder with pliile. plnrrd Men. .12-dr*ree 
Hfle alia alia of rudder. DautaUaaa hrlween rud- 
er*. 119 mm. Numher of revolution*. SS* per 
Uaute. Experiment, :|r> .,,,,„.:. Might rippiinf 
' tvfnee aand tad no pit formed. 



Double rudder idnred drep (represented by tingle 
'udder- on alarbonrd), without plater), 45 degreea 
"iilr with alia of propeller: ;,ui revolution* per 
"tinut*. Experiment. 1 minale 10 wH-onrda. Vio- 
'«BI turfauUliou of Hid. and pita 23 mm. dri p. 



In |..ri»:riuiiid formation or pit. .Vi mm. deep. In 
harfcirround a neeond rx|t«rimcal, carried out 
under aame eondltiona aa third previoua ftrure, 
ahawinf aame reanU aa regard* form and char- 
acter of pit forma. 
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fully two hour*! beta: duplicated. Lu order to eliminate 
mi> a.n-l.lcuta] circumstances. 

Tbe pro Me cf (lie eipetimeuta) truck \¥> meters In 
length fur each InillvWurtl test, vli . 10 ooeiers In front 
of anit .H> meters behind the httpv* i was fins, si care- 
fully at Interval* of 1 meter *p*«. b.v iw*w of n nift 
2 meleni In width reachtni,' urn** iliir ennui section, 
tblrty-one point* bains measured In mi'h i-runlc This 
tiecoM.tta1rd a total of about .sulOuu reading*. The 
*eb. were moored Id the middle nf the ennn 1 nml raa.b* 
i.i work In tlii* im-dtkm. ludktitur dtattniiu* Mmr taken 
continually, Uie nunhvr of turn* Mu* is»k*< and rhn 
«lynaai.ta>cter traction read nernninentiy. The B»wt 
remarkable remilt* uhliilnod 1u lhl» tiiiiii)n>r nrn sum 
iMff*»-r1 hi th? f«i11i>m lug : 

Tin- first «* of test* nrftk made on .be stcumshlp 
"<V*ir Wnllhrlm VI.** * stnxle screw vessel of 100 Indi- 
cated horse i>owcr, which liad lieen Rtlcd with the pro- 
tective Hah'. Tlie steamer worked for two hours, twice, 
without drrrluidnir mi) appreciable er.»don nf the canal 
bottom 

Am* her hsd was wade tlw Ide>el motor vcjwnd 
"t'ladow" iW Indira ted horse power 1. the www of 
after rf^ovmnflajr (At cyrfihr, was allowed to 
far twin* two hour* at Us imrmMl sfHrd of XJ 
revolutions, iter mluate, without there belli* any mens- 
urable eroalan. 

After thus oonflrmliia: Prof, rTaiunt's theory, that 
rr.sdoti Is doe exclusively to tbe defiecih.n. by tbe rud 
dnr. of rho water Jeta thrown hurkward by the acTew. 



rudder fitted with tbc protective phite was plaeed 
In i»«nitUitt. and the screw wan nan.n tutirie h. work 
twice f»»r (wo boars. In spite of tbe muni conHcieotlou* 
Kauifrj; <>f the en mil bottom m» trace of an upprrrtatitr 
. rii-lcn f-oiild \*> dett^fe*! 

Afti-r tin-it rvtnoTtnic tbe prnltwtlrv plntc Hie wcrcw 
unji nlhmvd to w«irk with thr Mime ruiltk-r as before, 
wtwni mr>rta>ous liolcs otioat mrters In de|4Ji wt'rc 
uHihLMi out of the canal bottom. It may l>e nald that 
(lie dm ft of tbr vtkwI. In conn net Ion with ltH<w cxjiorl- 
m'-jHf*. wan H meter*, mid the water level In th(» emial 
;iN>ot r.'yt BHderM, no (but there were 1-Vi uwlerw of 
wilier lefl h*Jnw the arnl 1.ta> ibvUt* below tbc 

l.>«cr Mlfin of tbi> iir*^*elK'r T*ne>*. 

A third wet of u*ii» waw inaik> on tlu* tJilor Spr***; 
t'nnat with the- *t**aa toe "Ik,!*," known to vxrri vrry 



riumm's proli-dlvc liUtc tho *cruw wo* allowed to 
work twlcv for two buvrx, without tbrrc brlnif an ap|*re- 
rUMe er»f1nti, The plate wan then removed and Oi* 
mttpw iilbiwMl to work niiolli'-r two hour**, wbf>n an 
taramilon about )1 nwlrrj* In Wnxtb, VZ im-t^ni tu 
width, mid Utl mcteni In dr|rth wn* prodowd. 

-Samples of the mill (Wired afl*T tbe plats' teat, hy 
nieHiiK of bltf ittHKs tubes, showed the elo3' luycr to bara 
rennHlrHol unaffected, eren tbe lliclit mad un top of this 
!»>er being tntfrft. 
An..th*r nf tewlM made wllb tbe fMttit sloaner 
rrltx," fltte.1 w|ti» trie protwtU* fdate, led lo tbe W- 
Inwlnc rrmilta. IWiliWl Ul* snip there w*n no erosloo. 



.k.|> ii MiMll 1...U. Mnn pr.Jdu.Td bej.hw tlie pr<.|ielli.r 
M'fen. h> tl>e Mi*r*1l<«li elTeet of (he hi Her. 

l-'riKii \hf*' reMiltw It I* Inferred tlnil the |<|nh-, tr 
pro]rt>rly illoieit>li>D«Hl and Louvetileiid) .irrauctMl, nf 
f-.rdx rull pr.'h<1iou to the cnnnl l»Kh»m. oiw* <if the 
iut:-<i vtrlalnir feature* twlinr the iil.w.hit* ai^oemnit 
between the bhhIcI h-*tn and et|»-rfiM<M* n"'b! under 
iK-tnal workhiiC omditloiM, 

r uriber ex|nriaient>* were rarrled out In l*r«f- 
Ranini'H ex|«erlnieornl tank at Hie rhiirlntieiiburi: Terb- 
iitcal Hl«h Sell* • 'I on all kind* i>f rudder* sk iihwI In 
Adu».l iiraetlr-v wlih *hli« nt rest ns w^rll ti* In'mntNm. 

oplinary rudilent wera found to |.ro.luee very cvjiinW- 
nralile er.-whta, lrresiwtive of their i«:»dlion Hcww* 
iv 1 1 huti t ru.bler IlkcwIfM* t«nMlne«-d at len*4 ntun* i 
Twin rudders Introduced Into 1lie prurM'Der enrrent 
wonbl. In their turn. «Sve rt-* to b.-avy ero^.m. Km- 
sJufi. however. ii«hnI f\im]iMel; Si. flll thr-**n ease*, n- 
w.Hm «•« Ihe rtidder wan lln»«l with thtf- pn..1eetlve plate. 

TMh >Iim|»V' mifefiinrd ttuu* ufforda an Inexia'a-dve 
uieanM of prevetitlux any dntnaire to the eanat bottom, 
mid a* ih*- i»late. moreover, auirmentx consider ably the 
Nteerlbc nuxieity of the ve«»el. tt will ibnihtle.«s prtiTr a 
welLvn&e a tb) 1 tlnti to present maux of navigation <bM> 
Muestl'.n kiizd'sI'* lls«df. whether «Hh Ifn^e ru'bbr 
pldles the deflecred cur ret it would not tend to deprv** 
tbe oterii of A light U«t- 

rartbee enperlmenta oti « *tllt larger ocalr, whleh 
nrc now In projfwt**, lK»ar im 



The 



Tnr t.rohl«nw associated with tbe propulxh-n of les- 
*el-« of Ihe HulKnurliH* eln*«H are of (he crcnteM lntere»1 
mid tull for tin* dl«|Ha>' of rvn^hlerabte inxeiintty uu 
tbe |Mirt of the engineer lu oanhlnloj: tlie denuindH of 
the taetk-hiiia for >>]hmhL rartliw ot ndioii, cupa. lty f.«* 
mniNiiwrtn*. nnd cialek dlrbnr .tuallties with the aug- 
ment of tbe minimum spaii; and weiiftit. T1k> 
in propulsive mncbhiery within reeent yearH fnuu 
lliK! and Itertwene enc'iie^ in th<»e workttig the 
HW-*o] eycte bss uinle f«^r umitly ntlmYU .Inupcru fnra 
tlie iiciiltluti of explosive mixture*, of hkl viijkw and air. 
and h«M luerett^l to a o*K|.lerable extent the radius 
of art lot i, Tlie l»e**el etujtne bc4n^ of tiermau orljcln. 
tt 1h natural (bat Itn adaptation to the propuWion *>t 
fur whlrb It la einlneully >Miite4l — 
in tJermmiy. The two (icmun 
: the creuler t*rt of tbe en«lne« ut 
this tyjic t»r tiermuti snbuiariiieH are Krupp* and tbe 
Maaeblnenfiibrlk, Auicsburc NUniU-rv Hnna, V<*th Unn* 
have mink- many e*t« rhoent* hi onler to ei'otve the 
mcM *ollii!ile Ijpe nf enjcllitf-, and prefer* nee Is lippar 
e»iHy shell to |h»- (wi^yel*- engine. ultlK.iuth tbe M A N. 
Ilrtu :il»i. I.llild Mleeewtfutly It four * >el«» Mlhlll.t rl lie »ll- 
jih.e i.Mi ti. ff.an tbe otNelitt jiul^lWiei! dittn of nf 
vn rh *us lyinw .«f lilU'h <peed Ole^il euirine^. wmild neein 
lo he well t3li.il fur this kind nf work. 

rwoarai>Krr t >oi?«t« 
The firm of KruHi hiivu wekillvod In lb*- tw^stmke 
eyele ennlne. and the metbi«l of »r»veiij,*lus they hnve 
nd»»|»(e»l !•* lij liwati" of tbf-v- t'ftlv** In Hip .ylhider 
bend, Th»- lituntwr id valves re*|iiln^J for eltV i.-nt 
M'«»« ii^lntE t» n nio«it point, nnd two are now irenerally 
A jrrenter numb 



Uie cuNl^etm plu ami h> servo to n*n press iho air wee*- 

liner let inlo thi- tironxe erank-enoe, and the air Is con- 
trolled hy iim'hus of uutomatlc valves. The HdvmDtace? 
<.f thin (yta* .>f coti-dnmloti in rvdox-iui; weiKbt are awi- 
uilersilde, and It U .-Jnlmed that tbe wtdh'bt w<*rk^ nut 
nt fr.<iu to no poundx jier brnke bof>e-|iower for 
engine* of <->iiiMbleral.l<< wlte. Tbe dlsndvautafn*** *rn 
piimnrliy th<«e Un-.lvt-l In ibe dtrlkulty of aueresaful 
phton deaten. kIihh- tills part Is subjected on tlie top 
to the hot action of tbr burning B»»e* In the cylinder 
uml nt the tMittoni to tbc coolinr, effect of tbe surentf- 
hie air. This dllficulty is now overcoine by iiiaaliiic the 

In wiiiiecllon with tbe meaiss or lotroiliieiQj; the 
sinveii^luir Air Into the worklnix cylinder, It U Intercst- 
liii; t» record that the MAN. tlrm for their Inrjcer 
engines linvc dbrnrded the slnicle valve In tbe ey Under 
bead in favor of two valvea. Tbe cyModem. ucalu, in 
ibU ih^ivn are cn^f In one piece— bend, liner, and Jacket 
Two coaupreKwro wllb crunks In line are provided nt 
tbe forward end of tlie engine to anp|>iy tlie *ir nreoa- 
aary for the tiijertlon of tbp fuel Into the worklnj; cylin- 
der* a fid to charge, tbe starting air battler*. This dupll 
cnili.it aim* at wi-nrlrnr the reliability of .me of the 
unit-* of a modern Diesel eairllic Uint Is ctttctlliiled h> 
«lvc n eerulii amtnanl of iroublc. It W reiiliatsl 

lluvt a breakdown of the ooinprmMtiv ]ieceHHlhi»«« >-t"|i- 
phic the iimiUi vtn;h»e, ntol lite dni^b'ttioii ref»*r ri.nl t>> 
Moti'd prohohly emihle the whip !•« jiro«^*l nt ahn^t 
rull |Hiwer iis».iuuln*: tlie hreakdown .if .dily .un- of ths* 
f.nir .-,*nprt^>*..rs provldtsl In a twin screw vessel. 
'ili»*e rui^iw^ have Irfni. It Is belLeveil, liistalbst In tier 
nan n Miturmtim--. with eicbt eylLnders elrbie • hrnke 
horv'isjwer fjW brake borse-isjnsx-r |s.t cylinder l or 



leth *-..iidu.-e to tlie better clenrinc .nt .^f tbe hum! 
jeiisea and the cluirxliie of tbe cylhider with rr*wh clean 
air, but tbe ensuing couipllctitlons of valv*- «ear fien 
t rally call for tbe e^iinprirfi)L«e of a smaller number of 
valve**. Tor a.ftnillni: Hi* tbrv«*-eytli»KT liend valves 
Mi-wr*. Kmifli haw- desljrncrt a very neat valve irenr. 
wbleb ha« thr virtue nf slmplb Ity. The furl vulve So 
Ibe ejllnd.'T bend «f llit-sc cnir»r»e* Is im4 verthjd, but 
Is lnrlln.nl liiUun) In fm'Uiintc .tl.-.i n mi1lii> c nod u> ill- 

i..Ll>l-1i tine .r nl.-n-ol r<M>e:i nnpilr,,! T In • -> I Ii nb I > 

Ittn-rs. rtl-J licioh »r>, Ibni- -.|i;ii:ile fjislll)--- nil hunch 

t ■yiiiwler J:i-V(> hi.- ^omeilm.^ li..>.rp..nn.H| hi the 

. riiiik < ll-e sht'l t-r I'K'KXe v.islllltf. will' tl i" tllitile "Mlb- 
tienll.v »trMiiH ic f;tk»- On- teii!«tiill Nsid. 

In Hit*, inline the icencnil nrriiiwmcnt uulipie, 
In tin- center is the bfi:h-pn«Murv Uircexhu'e cianpr***.- 
>..f, ..u each «M<- ..f nliMs ntv <roU|.-! three w.^kh.L' 
.-.vllnifers, wl.He nt the e%ircn>« md nu double n.-thn; 
*euvi'iiL*lnc pump". Tlie i.kivIhI.iii nf two s.'flT4-mrlni: 
I « In <*Tii5.iiri»"it uLth tl>e "tA> iLninlly adapted re 
.ho.-. If.e reelpr<«-irl|ii: WelifibtA of these pnrts 0l:d 
Onnild tmike f.-T a n***l balance. All these etnrlrxx are 
dlrm llv reit-rsible. 

IV.un the M A N. tlirn etuiiiiitted the tniv funow tw^ 
-Ifik.- evi'le --t .-|«tK- 1 | lMnt> t»l-e t.f eri;l|H' mlll-tt !>(•' 
hml r..f the viiiiln r.iiN.Hi or Im b-M I'll-m lU' r->l'i. l hm 

cf Ht lL'ht IIMt) -p:e e i |.i iili ilh-. l.j|e llilllllIjlLlll 

tlx- *m il -.1 ;i U-r f--il-n. .f de-i^n l:i tbh ill-.- lli^ Ik 

i he f.Ttu i.r tl... pi-i.-i.. uhi.-b nt h> I.. .v.-i .Au.-.uliy is 
a cr^.^li.,:.! u, uiny 



the bintrat |K*w*r w fur adopted With oil eli«lliM of the 

Ikht liitfb*iHHt.l (>-|ar~i. e . ninplng at over 300 revolu 



w.a.v mrB-omoxjc rsoiNt. 
This sniuc llraj nt Ihelr AuRslmrc works have sjie 

■Mnlliced In a four stroke cycle enjrlue. to tbr* mieee**- 
fnl )..'rf. rmini.-*- of wlibh rrference luis nlrt«dy been 
made, a iv I it In tdinille:*iit tbnt. whenws drnwln&> and 
hif.<ninillou ninrnlinir the two stroke cycle »lep[itsl pl*- 

. ,mi f IK I- llrni tii..' fr.-elv I- er. slven hi Um< 

Irebnli-a pt> nf .;.rh.ll< * mtil ri*-r-. liodetJtll.nl rnrlbll- 
Ij.t^ M-biitxrter r.-^r^liu: tlu- h«rc)eU. eiutllie an- 
forth, taiini:. Thr l.tss. brake lir.rse jsmer sit cylinder 
ty|*\ "f wbieti. It is Indieviil. eotiMdenihle numbers have 
Icen nindc. |h remarkably lltrhl f'-r Its power, and tbe 
nv- nill weiithf, e^(MH billy w lien lln- extra fuH mid luhri 

m>. nh.cn.th. ftnl. l> mtJe In .-\.n*», M f the two-MtrtAe 

tji-Le fii^lne** previously ih>>c7lhod. OltbtSilerable ln- 
^einiltY tin* been disphiyrd In this di-^Un In tilting a 
h.-nt rcit rshii si-ar. us in f..r\ l^u sultmnrlnes equipped 
with 1M.-. I cnziii.'-i dlrvt't n-vers^blllty Is resariled na 
3i >-||i|wTi-^Ne. Tin* ltd vn nt -iiir*-*t of rever*liin the mnlu 
er,L*iM-< .n»|;- bhT-' I le uh* n tu-vriein erlnu : slin-e the 
jm>w»t d.wl.>T».-| by the nitiin «-iuhn-< U alwnys eon 
nidi-nihly in "f 'bill pr.r.bbtl f.-r by Itw elwlrle 

tiii-t.ir. It i-1al b.l f..r ilJiihl W:ller prmiltlHlnn Aim hi, 
lb*- f.i;>f in. e"lir> In r».er>e It*.- )n:illl ril etiljil**^ l- 

b, . v..^ of in ivbleh In very .,ubk mid 



the tmiu enclue and tu reverse on tbe electric motor. 

Beohlo* Iheee enjjine*. from tbe prliicl|»al IHe>el enirlne 
works In Cernanuy, a lunft' aubmarlihe L> lu hand at they 
work* of thn Italian cr*iiMtruetnrs, the IM.A.T. Hun 
tilonclo. In Kpexla. and tills submarine ks to be i>rnr<ellml 
by endues of tbe well-known F.I.A.T. type nf coo* id- 
entble horse-[ioweT. It U rejiorted tbat tbi-«e i*nir1m«-. 
have soccettKfully aciMunpllthctl their liencb trials, l^rth 
f.^r full i^.wer »rn| for enduranif, T|w two enalncM, 
It Is M|«t««l, drveh.p <y.m.bb rably over J,rHH> brake horse 
rw.wi-r. It may be mentioned tbat the dlmeiudoas of 
tbe latest type of tiermun sut.mnriue itre: length, 2lil 
feet .1 Inches and Ik-uiu. 3»"» feet. The db*filacement is 



tiir rftr. or an «m. 
The number of submarine* actually built In tl«rniany 
Is irlTen as 27. while V£ nuire arc Onlt-bod or In the 
irf eorwtructlort. 'lln-sr numlwr* are much small 
er than those for the French navy, which are riven an 
70 built and 23 building, tbe difference bclnj; due to the 
early pioneer work dwie by France In this movement. 
Fi* the iieofiHlslon of tlie rrtin-h subtnHrines PIvhoI 
en£tiK« have n>4 met with any cimwlderahle fa^^.r. and 
the majority >»f the l^rtts are pr<i|M-llei] by ipv^tllne and 
ker.isene ensiucs. I'or ihe later IhsiH steam turhliio 
are belux ado|»teil. Tills projuilsUm by steam Is not 
iii-w. but Is u revcr*li>*i to early pnietlce, which von 
almndoncl In favor of Intcruiit iwiiulwsthin engines on 
a.wiiut of the diltv-iiltien experiemsil tn "eloslnjr down" 



Is four are I 



below the surf*.* oh tin- eleclrh- inotorv 
. ul ties, It U esperted, will W ..veiwuii^ |>y the adoption 
of UMNlern express water -tula* Isitlrrs nf rejihl eva|Kir- 
atlvfl iwopertlea. <>f these stcniu drhen «vibm*rlne», 
built at Itorhcfort of alwmt Win tons dl»- 
thrnii<h JtenrlUK 
by turbines of a total of 4.000 shaft horse-power, an*) 
two at Cherbourg of SCO tons dL<fdaeement derel oping 
TV.C«W p-baft borae-iKiwer— tlie luw-Jt jsawrr yet applied 
to wubmarloe iieot«ulslon. The renal tj of this reversion 
p. Hlwitii impulsion wilt V very Huarly watched hy all 
stihttinrlnP anth^ltles, mid If (hey nr ,. mm-e-wful lanre 
dew-i.i.ments 1n IhK dlr*r-tl..i. ma) In- .-xperted In th.- 
iiciir riiiure. It !■» not to he um|rrnt«MHl (but the Fr»*iK'b 
.Viivv h.ivt- in<t n|.|>lonl IHeM-l cn^iiit-?, tt> ^ulwioarhie |.ro- 
pnhh.n. In Krnti-f n eoiisbterjlde iiiiuit- r of ImmiI 1 * 

are pniieliisl. Tlie |.ir«e-f| entine yet bllllt Ix 

of S.lkHI brake b^|«iw.T. wilh eishl ey I liters 7*r 
Tiftrt. f^nidtm. 



The Protective Trealmenl 



Typhoid 



Tirliolp ft'T^-r Ii* ltiN^].iinit.l<- fn>m wnr. Ir ftiulti Itt 
u^ir. rmil> f<<r Ir, nil that It rv-niil di*»irr. In tlu^. t.f 
pnn h»i* * itK.n«iii.l »i;< it nruMlnr II, n 
thOTl«nli(l «ny« cr Ik.MIii; It «|.: mi. hiiit- nrr oar <!.- 
trum. «> <.|alinrul<< ...ir |iliilt». flint «t Brt luto i 
litaplrt nay of f!ituklii£ ..f tvf>li..|.! ffvor n« If It wrn* 
dur- fltilx to ' - lD<«iiLltary ■.urr.fliiolli.i.'>" ; ,ih If It wcrv 
;i dto-iio' «M..ci"toT millkilv t.. ..Ik.vr It^lf nlfhl-i 

l*'l. mllor: of II ^.hh! mo.ll. ill IhmIHi ..tlloiT. Ttli'T. i-omr* 

wnr: fl..il. «llli .I"-.-!* r;iHfii -.r wiir. o.hl.-. tli^. k*oxt*i 
lo-.l.lllieiill .f Ho- ll.r.» llv.. ilhi-nsr.. 'ITi.-y »r.' rall.il 
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hp they are sent to tbe front Ixmvaln ait It was and 
Isiuvaln aa It la are scarcely more alike than are 
typhoid In times nf [riicv and typhoid In time nf vtsr 

Typhoid la. nf course, almnly tnkluic part In tba pres- 
eut war. MItcu the allied gravies anil the Gorman army 
In tlw western theater, how should there not be typhoid? 
The only question is. Haw aiucb mare will there be • 
mouth heucer The lateness i>r tba year, happily, will 
kill off (Ilea, which are mat carriers of the disease; 
but tbe file* are not yet gone, anil they will inorc nr 
***** repeat that deadly part wbkh they took In the 
South African war. There la pleaty of the disease for 
them lo carry. "It l» well known," aaya Kir Almruth 
Wright, In the V im. .. September J8lh, "thai the Infer- 
lion nf typhoid la thickly sown all akin* the frontier nf 
Trance and Ocrniauy." rteetdes. nzuucic two million* of 
nieti. there arc bound to lie some who bare the cenna 
nf the disease In tbem. And what la the good of talk- 
ID* of "sanitation," aa If oar men could have tbe warm 
baths and the water cloaeta of tbe average Eugtlahntaaa 
home? Let na take Dr. Johnson's advice, and clear 
iHir minds of cnnL "An army," a* Wright aaya. "on 
dint out on active service goes from the sanitary coo- 
dltlnoa of drill-ration straight back to those of bar 
twrUm. ... in war the doors are everywhere 
opened wide, both lo the direct conreynnre of Infection 
by the excreta, and to Its Indirect conreyance by means 
of contaminated water. ... On aervlce, proficr sani- 
tary arrangements are very often laipossiblc. We may 
Iblnk. ror Instance, of Die situation of men In the 
trenches under Bre. . . . When It comes lo n right 



place the alternative which will present Itself will be 
that of drinking a iiolluted water or nous. ... It 
"III. bj itte very nature of the case, be oat of qacstioa 
to apply ordinary sanitary measures In an effective 
maimer. . . . Infection spreads not only among the 
bTOOpa In the Meld, bat also among the soldiers In hos- 
pital." 

The DaU» (.'aroafele, tit-tower Srd, aaya: "It U re- 
ported that bDO Germans, on tba lines between Brussels 
and *■ 111 o lain. nr * suffering from typhoid fcrcr." 

I'llul the protective treatment U Indeed protective wn 
alt know. It la the experience of the nations of the 
earth ; and the whole world la agreed about It, France, 
India, Chnadn. the lulled State*. Italy, let atone our 
enemies, are of one mind. Take only four Instances: 

1- Hritish Army In InHM— -The histories." aa re- 
gards typhoid fever, of IHJH soldiers, whose average 
period of Ncrrlce abroad was twenty niofiiha, were can.*- 
fully followed, and every |*rts*aatlon l*o*elble was taken 
to verify the diagnosis bacterloluglcally. Of this nam' 
ber 10,37s were Inocvluled. and »)K>6 not Inonitated. 
The case Incidence of lyphoM fever among the Inocv- 
lated waa CL3© per 1,000, and among the non Inoculated 
80.4 per 1,000.— Report of AmU f'wikeW ' '•.nvmmrr. 
1012. 

2. Palrcc! ,st«i<-, Army. — "Inoculation was made 
emnpabsory in tbe American army In 1011, and has prac- 
tically abolished the disease. In 1013 there were only 
three eases and no deaths In the entire army of over 
!sl,<«»> men."— Sir W. Irishman. HrllUh JfcdiceJ Jour 
uitl. August 22nd, 1014. 



3. i'rewca Army.— In 11112 Uphold broke oat In U» 
barracka at Avignon, of JyM men, MM were pro- 
tected and i>7 w ere not. The ti«n protected had IBS 
cases, wilh 21 deaths; the protected bad not one case. 
The protective treatment waa made compulsory last 
winter In the Froneli army; and. In apecial clrcum 
stance**, among the reservists, -to scrt. January ilh, 
11113. 

*• Coaattlita /'oii/ic SosiVii**— Throughout the ~r»ll- 
waya camps" In Alberta, ilnrtug 191 1, among Waal pro- 
tected there were only two eaaoa of typhoid; among 
4,.*s» uaa-prot cried there were 220 cases.— Brills* Jfrdi- 
roi Journal, Jane «th, IIHt 

It remains to lie noted: 41) That the vaccine eon- 
tulns no living germs or any sort. <2) That the lrcnt 
tnent, tboagh It gave good results In tbe South African 
war. baa lieen Improved since that time. (31 That the 
avoidance of exertion and excitement, on the lis? of 
treatment, Is a great safeguard against any disturbance 
of the gem-nil health, i 4) Thai, wben time sllnwe, U 
Is Hlwujs best lo give the vaccine nol all In one dear, 
but In two, or even three graduated doses, with a few 
days between each dose. 

■It Almroth Wright, by whose hands the gift of this 
treatment came to us. greatly desire* that tho treat- 
ment should be made com pa bury, as In other armies, so 
In aura. Surely It Is purl of "m, anty ,„ mJ neighbor" 
that I abould not, by having typhoid, expose Mm to the 
risk of Infection from roe- And It Is certain tbal a 
soldier down with typhoid fever Is not only use una 
against the enemy, but dangerous to his own friends. 



A Direct Reading Payehrotneter 
By F. W. 1. Peebles 

Kvrhy weather bureau obsnrvKtory nana a "wot and 
dry bulb" thermometer fur the determination of the 
relative humidity of the atmosphere. The standard 
instrument ts made up of two ordinary thermometers, 
aa nearly alike aa possible. One of them has the bulb 
covered with wiekiuc which dipt in water so aa to keep 
the bulb wet. Water on the wet bulb evaporates and 
cool* the mercury thus recording a lower temperature. 
Tbe drier the air. tbe greater will be Uln evaporation 
and consequent reduction of temperature on tbe wet 
btilb aide. The relative humidity of the air is computed 
from this difference. The capacity of the air for mois- 
ture variee with the temperature so that table, are 
nei*eesary for tbe determination. 

In the present instrument, which was designed hy the 
writer, the line of tablm lias ls>cn eliminated ami the 




A Direct Reading Psyrhroaieter. 

readme* are taken in ist e«'lit dtr»,-t ailhoot any nnni- 
putatiun. Althistgh it is believed that the device is 
original, it will not lie |is1cti1vsl. but rather, is hereby 
coalrihat<«l lo ini'tisieoliJiricHi wevire by live di-signer- 

In tie- figure .1 is the dry bulb of an air thisrtnnnietcr. 
II is the wet IkiIIi. CiKt |iliig of imn-iiry. It \\ an onlt- 
nary mercury llermonu tcr fiw ib-brininlng the sir 
tetnia'ralure and setting the sliding seals, ami A' is a 
calibrated chart for taking the rending. The wick of 
Ibo wet bulb is |sroviiiod with a reaerv tar ot waler so that 
Hie bulb may lie kepi oontinuoudy wi t. The diding 
scale is sel with reference i» the tluvrr«Hne1,T IJ so thai 
a gunge |*snt on it may Us broaght to the level of the step 
of the column thus setting the calibrated chart for tbe 
b-uipcratiuv ■ ' tbe sir when the observation is made. 

If Imth bulbs are dry the instieating end of the plug 
of mercury will register with tbe lino mark„1 lull paff 
eenl. This would Is* lm-T|>n'tid to mean thai no evap- 
oration is tasking place; and, as far as the instrument la 
eoaeernssl, t | )n i ihe IkiIIis an* lwilh at the *s(w teui|»CTa- 
lare. I'ndor ibis condition the poeltion of (lie plug is 
the -ion* for all temperature* of the air and eiaitsqucntly 
the ItHI per eciii lilss is vertical on the chart. rVoss, 
evaporation does take plaoe the plug ntuxe in a direrUuii 



toward I be CM.b r bulb, and this movement ia a function 
(sith of the difference in temperature and of the abaolulsv 
temperature of the outside air. 

In ordvr lo eliminate Ihe part that the temperature 
of (ho outside air plays, the sliding scale is adjusted to 
the height of the column of mercury in tbe auxiliary 
Uierntonieier D. It may be well to note that such an 
arrangement ia not a truo differentia! thermometer, on 
account of the fact that tho same difTerence in tempera- 
ture will cause* more motion of the plug when both are 
at low temperatures than when at high tempcratiu-<*s- 
This feature ia particularly desirable on aoeount of tbe 
greater capacity of the air at high temperatures than at 
low tampsratures. 

In making up die instrument it is dnsirabso that It be 
filled with a gas that is inert to mercury so tlust the plug 
is not acted upon in lime. The Ism* of (he connecting 
lube should be proportioned to the size of the bulls so 
as to secure the right amount of motion to the plug. The 
tube should be of uniform crvne section and the plug 
short so as to make the friction nogligible. 

In making up the instrument one bulb fe> sealed onto 
tile tube and closed by tho sealing, leaving only tlw 
»|H'«Jng to the tale*. The second bulb is then sealed 
to the other end of the tube but this bulb is left with a 
tail to be sealed off later. The whole system is then 
nll.d with the gas desired ami a. drop of imevrury is added 
for Ins* |dng. The tail is now dosed* at some distance 
from Ihe liulh and then Ibis tail is sealed off near the 
bulb. The bulb (hat has tho sealing end on it may now 
he used for the wot bulb end so that the wick will cover 
the point of closure. 

To adjust the plug the dry bulb is held upp*wmi**t 
and in contact with tbe iwlln <it the hand so that some 
of tbe gas is driven into the ether bulb. Tbe ap|ierhtus 
ia then inverted so that tbe mercury can enter the tube 
and the heated bulb allowed to cool so that tho gaa in 
the cooler bulb may enter the tube and drive tbe plug 
along before it. Whsai the two balha attain too same 
temperature the plug will come to rest. Should its 
poei(ion not be correct this may lie changed by driving 
it buck and using more or less heat as the case may be- 
To eidibrale the chart il Is nss:rnmeluled that this lie 
done hy comparison with stanitard wet and dry thermom- 
eters ami (he table, although for those who have time 
for the mathotnaties 11 i» easy to calculate the movement 
ot the plug for different temperatures and lu'Hcrcncce in 
temperature of the two bulbs, and from this it is easy to 
•■alrulate the relative huntMlity fur any posiilun of the 
plug. The rules for those computet* in* may 1st found 
in any good 1, " a hook >rt Physics. 

A llevire for RrguUtini! Storage Batlerics 
from a Distance* 

In »;i\r. the disc banc or a storage battery tbe collage 
gradually diminishes, so that. In order to maintain (be 
constancy of lamp- foil by the baltery, il Is m*c*»e*ary 
lo add n cell lor in exit iwie out, If the cells are eon 
heeled In oHssllloeil whenever the drop In voltage 
nmonnt* I" slsinl two veils. Tills ts usually done by 
moving a multiple commutator on the switchboard, an 
najsrallss that Involves ismshlerable tn*iible when the 
MWllehlsmrd Is kswled In tie- cellar or In a dLstulit pan 
• >f the building A reliable and swally cunetmeled 
* from /-* .Vaisre. 



device for operating the commutator from a distance bv 
pressing . tattoo u her. shewn. To the arm of (he 
commutator Is attached a dish. In ihe edge of which 
2? e T WmnM h«» «t wl,h a am. 

T.Z rli 2*. T> * " M,r "•""««1ed at the center 

of «H">Uk by each tomb. h. eoual to (be angle B04. 
Ibroogli which (he commutator turns In rswdrig f„>„, 
one contact 10 the next. is™,og woo, 

The sncklng coll H la co,„„actcd aa folleem: Th. 
,-entral lube is made of bras. »„d Is of ■„,,„ 
in enter lo prevent Ihe aquare n»l l»v tbal slide, imddo' 
I. from tnrnlng. Tbe end pleees are of Date. 7LZZ 
brass, ami have projections which are bent at r ' h 
angle, and perforated for the reception ,4 acr,*w.Tr 
which the coll Is fastened to the board ts. ? - 
contains .ban, ..sou f„., „, wire l/rS^„,T?°, 1 U "" <ll " ,f 

£.d^.^LT D, "• " * Tb " 

rigidly to the bra», but the l«„ b n » „,ne n o. .ee 
joined at ? by a flexible hinge, which allows the aeg- 
tnent K to be lifted easily. 

When a current flows In tbe coll the Inai rod la 




A device for regulating storage hallerlra from a 
distance, 

(bytasri Into tbe eall, esrr>ln« (he brass rods before II. 
In Ibis movement Ihe rod K strikes a loolb of lite disk 
ttttd turns the disk through ihe angular Interval 
iK-lwcci) ciinsecutlve t«eth. causliis the commutator arm 
ti» artvntH"e fr<im aOJ contact to the nest. When the 
current cesses the cerotsiuiid rod t» drawn hack by the 
si.rtug ft. 

In ihl* reverse motion the hinged segiweut p, rbs*s 
a I tore til-" " c! " l "" ,B * IMi '""hlud It, n*udy lo iwvsti 
Il n jauT** a'" - " ,h ' ™rrent Is atmln upsdtol. The 
liitrcl nf llo, " t ' a u * "* 'V's'-hiiiil r slrlkln* 

the screv*'"'""' 1 '*• v,Mcb "° ndjueled thai 

the eiinimi»" ,,ir " mi "'"e" WH,C ' I >' ,n 'h* ntlddle of each 
,-..,„ „ iu ln lor conlact and the aOd of the hinged segment 
t: mils liehlrul the l<siih wllb snfllcletil clearance. 

The current may be taken from Ihe storage battery 
ll-clf liy means of a branch circuit which Includes as 
man) cells ss an* required to energise the coll and tarn 
th. eufumalator. This clrcull may lie ciainectcd by 
eery well lltaulatrd wires to push billions placed wber- 
e»er tbey are waalt-d. When (he llgtits irrow dim 
another cell can be added to (he lottery by prrvdng a 
tuition- As Hb* aTm 'he commutator Is narrower 
II1011 the s|aici» ts'tweeli (ssisis*utlve cnnlacts. the fai-t 
Hist th** apiaratns has o|*emlisl Is taaile eibletir. mil 
aajfjf by the increase III brightness of the lamp, but al*s* 
by (he slight liv-mor In ihe ||g|,t i-nuosl b> the astaTaol 
lary Inlcrruption. of the current. 
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An Experiment in Organic Education 

Making the Course of Study Fit the Child 



Wmui we lire nalrlmt fur Dr. Maria Mo a lessor! to 
try uul her mslhoda (0UUIIVM AttKiic«!<, June ?Jih). 
11*12, (aige .VU > ulih mIiWi children, uv are Informed 
(hut essentially tlw msuio prluclpl** have ls«eu applied 
In this country f"r »*-teu j««r*. pu>r, tu groups «f chll- 
dmi from tiit? kindergarten hit" the high school. 

Mrs. Marietta L. Johusuu, who work.nl im the- theory 
and Ibe methods of this e\[«rnu>eiit. nan for yeurs a 
teacher In a "mtulur eduad" In Ibe West. Then sue 
was h crlile teacher In a training school and bead of a 
detainment Id n normal school. For a huuiber of year* 
after her marriage ajuj did mi Hatching, but *t»»* appar- 
ently kept on thinking; for when U til time Tor her 
sou to go to school sin* wit* unwilling to submit him to 
the "discipline" (but sin* bud seen im|x»cd on thousands 
■ ■f ttttt children. 

lli-r reherHofis mi the method- hihI tin* results of the 
ordinary vrtimdlng cisurliHsal lv> r tbal mir srh«ad" are 
fundamentally « roug. When au of i|s>tt unity offrted 
itself lit l-'ulrbupe. A la., la *tart a small rhiMt for tor 
own .ill', aud the children of some uf tlu- is-lghhom 
she resolved lo abandon Ha* classical methods In which 
she bad been drilled and In which she bad drilled other 
teachers, aud to apfdy her deductions from ccrlnlu mod 
ern sclent I tic Ideas. Mm .IoIiiihiki (nice* Ibe revolution 
In her outlook lo two book* (but -he trad during Hie 
yearn of lift children'* litfti n< > . The** are i ■(•twiitii'hn'a 
"The Ifccvclopmenl of the 4'lilbl" and Henderson's "I'llg- 
eat Mi and the 1-aruer Life." 

The luudniurutiil Idea In the "nnaitlc" system of 




By Sidonie Mutzucr Grucnherg 

education la that "derclopmaat I* the onlj true educa- 
tion." Am an organism the child In his dercliwiueut 
passes throutb fairly definite ataj:i**. In each of which 
certain Instincts and need* are prominent. The school 
should therefore week lo meet the requirements of the 
child In each stage; thus aloue can his furlber develuit- 
mcut be aworetL Tbeoretkully. all wboxila follow tbla 
principle. But Mm J^Jiio-iii la I be only educator In 
tbbt country who ban conaUtently followed thla (hnmirb 
all lue Kradea, and on all aides of the eblld'* nature 
aud In connection with all of the school*! work. 

Ilk the earb' ycitrs the child's Instinct* cull for free- 
dom and much activity; Mm Johnson heeji** the cMl- 
dn ii "lit of (Umipa «m ni «cli n» |N«o<lble aitd let* tbeiu do 
ei'erythlnar that children of that u*c eare t<i do. HLnee 
the lainee muwlea develop before the smaller ones, and 
aiucv control can be best naiulrt'd when the musclos are 
deTeloplint. the youiiayr children In the organic school 
itre encased In Kardenlnax. n>mi««l kn, ntuue-1 browing 
aitd Oliver tcaaien. I.uik before wrltlrut fa tbiaaitlit of. The 

Ili-Hnrt to raoAc tllllUCM lx e\eivlm»d b.V o|^Hirluultlea to 

work In clay, clay-boArd, nater-erih»ra, and weaving. 
Thar VMiuiucr rt.liilr> :i ur*- fur Klclit*-*! Is re<v'k'iilz*tl in 
the character of the actlrlMe*. and no rlnaa work la put 
before them. 

AU theae things aouiul very' much like what Is being 
done In Ibouaiuida of other schools lu tills country and 
ntiroad. Itut these things are done lu other Hrhooh) 
aiaiMiiiNllriill) and an fealurea aibbil (•• llw tradltlnnal 
coiin»e of at tidy. Here they cuiiMtltulc the very heart «f 
Ibe courae of aiudy. Mm Johraaai has dime exactly 
w lint i»riiim*saive edacators hare for years livid u* 
thould la* door, nanwly, she bus made the course of 
Hi.aly fit the child IfiMtead of trying to make the child 
fit the courae of atudy. 

Instead of making re*|tiln>rneul» for the child to m«*H. 



the organic school accepts each child as u larsunnllty 
and offers hint an opportunity to do the best be can 
ere?) day. The best of one child Is not the -oiioe as the 
beat of another child; on* excels In this direction, an- 
other In that And every child baa more jaiwer In one* 
direction than he has tn another. Mm Johnson doeat 
not brand a child as stupid because be la weaker la 
arithmetic than his neighbors or beruuae lie ta slower 
In a rnniUng match. "Ttie teat of Hie *cim»i." she aaya, 
"ta the condition of the rhlld. if every child la hapny 
and busy and healthy, all Is well- 
Tula Idea of free opportunity for doing the Interesting 
thing because that Is the educative tiling, i* carried so 
fur Hint live is.*boul kee|H no recoH of grndea or achieve- 
ment or ntteiMlunee or prouiotbuiK. Kiery child U pro- 
moted every year, or rather the promotion Is contln- 
uoua: cTrry child does the ■asjf, ihat be can and stayi* 
with hia own uroup. instead of hrhu ol.lltcd to rcia-at 
eiperteucca frnm which he mil prolaibly noc leant uuy 
niorv tbau be lias already leunietL There la no truancy 
problem, notwithstanding Ibe alMeuce of a iom|«ul-«<ry 
ntterxlaiwv law, lieeauae llaere la no tetnptiilloii to stay 
uwny from veiiiad. When the hc1h-.| Ih (he m.<-r int.- 
ri*stlng tart uf the child's ex|atrlcfa<o. he will nuturally 
go to school whenever be U ullinred 

The absence of grading and of examination Hiaggoata 
to iui«t pe*.ip(e the absence of atiindnrda. But Mrs. 
Johnson has very dcllliltv a4«mlarda. nlthoaifh they are 
not the aanie nn tlnwe we have aopilred from the 
adinola and colleges. Mrs. J..lm-.i."» xtnudarda are u 
healthy body, an alert and active mind, and a sweet 
spirit And all of Ibe wi>rk nt Ibe l'alrho|K> School la 
planned to produce these three wt» of n>au1ta. 

For the health of the body them Is an out of rtoor 
activity adaptevl to the devebi|wnent and the strength 
and the need* of Ihe child. For ibe wind there are the 




Mm M. L. Johnson. 



Learning to oat their hand*. 
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r r" h ,>, "'" ,, ■» ■"■>• «» living of 

of materials, lh0 «,,„, 4 U. OM 

3 », «Z , ™*» u »«»'»- There b, ^aslant (m^Uoo 

"••"ti* i<r»r iuo ,o °" u,r *"«■«•• «<*• >° 

■nrtiMrv n. .'" Tr * """•*»>■ «» 

C atefa. « T 1,1 ,,M! "<■*■ ««"<« "» 

beartc.1 « » , ' J, *"» uo •»«■ 'cry clearly that luilf 

■■"en rol I. """"* ,> • rbl "»T requirement* more 

«f lluTsch"" ,"" Mi r "l'" r ™" , «l» Hie ilr«l Hit years 

«° learn Tb '" 1 ,be cll " ,lr " !0 «"'» »" OW l l tlp 

tbr, h»v ; """ <h<-> ' do ••Mil* b«?c«us* 

•Imtthey c " r ""' 1 " ut bo '*- «»*■•»» • 

""••noul.nwt because their bodily iu.il mental 



t»„ M ^ ,reel Sprinkling Trolley Cm' 

Han ,,„ 7 "' " , ' rl,lk ""»' 0,1,1 ">t« opera- 

"eruuinv "»«*■ of Hie street railway of Hauuver, 

the fir.. ■ Tho WN»»M»« by 

•"■.•rat «l~> fumUhaa tb,. aprliiklliuc 

bbk P " > " ""' ™ ,l,r "> eoropuuy for the u* of 
Tli„ " t "' """ "ervlors of Ik* mntormea. 

•'•TN.. «.„ Ur "* lM, »"<K««l ITOTcd HO KU^rioT lO I bO 

.n'."'.'.» Pr """" U! "'" ! "*" » • W " ,M ' «"'• <** 

Mint Oim.rrnt o^lnHllon, w,i« woo ail.b.1. 
^5_t«nk of 3,110 wllon. cimoltj. In th« Dnt ™r 

l> ~" niT '*^ *r./ik»trt,», 



liwltb makm tbr tuk rrry eujt Indwa. They mm lo 
lore boohii. hmuH bookB n*<r n»t« bvro ao«x-l>to<1 in 
f~ rlr with anytblnx dl^nicrmbto or txirik-iuudiv. 

Thry 011,1 1 y )(<in) ^rtt,., B | |>ce tfcpj. hnvl! ownculnr 
«>ulr.>l tbm u )„,„»«, ,„ tbl , ^ af wrt ,i, w , 

Johii M >ii « HtlHuile luwnrd tb* ncliool u an lnxtl 
MNM |« w ,.,| ex,,,™,,,! i„ tbl! followlni: 

Ml| otul to be iHiucatloual must meet thi> drmniHlB 
of too liMji r|dU ai, talker tkau maVe rwialrementa ohk-li 
, o»««t ,1,,,.,. An trntltulliw ha> no rtirtil t,> aik "What 
•lo you kmnrTr What hat* yon doner "Wbrre are 
jrnir cr«i rn ,|„i K v not MU ., ,, k -what „„ Jmi ,„„, v . 
-How any W e aerr, ro „ r . ^ ••■tawtarifcr of an 
ln»11tutlon ,ro |, y it, w rt»w. n .K by 11a 

raqnlronveDta. 

n " «<--' cr..i>l of eltlldron Willi »fkM kfa MM 
w»»i< llrr exiM>rlaient l»a»e rcarlietl tlui blub aebool. In 
H'»* of their lata .tart In readlne, wrltlnit. awl arttb- 
inetle. tlicy wore up to Iho "utantlarda" aft for rhUdren 
In tbf rtinilnr srhooK and rxcvllcd lb* otliera In lioaltb, 



lb Intelbrtnnl po«*r. In Inlllallm. onlhu«ln«n and 
»l«Hjtanelty. 

I'rof John lh-wey vlxlted tlx school durllir the part 
wlnivr and wa» deei'ly Ininreaaed by wUal Mm. Johnaon 
liaa nmxuuliaiiod. panleularly In view of the many 
loonl dlnVnlUoa uiwl the abarne* of H«'d*l <«|Ui|inMnt or 
niiMlKHla. "Tliero are no new dfrvleea, no ttlcka of tbr 
trade, 110 unique or eirii lasrulliir ap|iluttn>«,' wrttaa 
I'txif. ltewey. '-What liaa lieen done la alupty lit pro- 
vide Ida cotiditlotiM for the wholesome, natural vrowtb 
In araall enough RTOupo for the ti-iieher <n» a kyjate 
rallwr titan aa »u linrtruclor) to laieonte no|uaint«| 
oilb tbe weaknoxai ami iHmera of meb child, uuO (bra 
lo aduirt the work to the Imllvldnnl nneda," 

ThU aunnrr there wna eouilueteil a demnrtatratUin 
claaa antl a nornial claaa In the lyrtorlpln) 0 t otkbiiIc 
iHlncatlon, at CroMiwtch, OaoB., fite tba aeeofid t UM , 
Here bjUhn butl an oiaiortnnl-.y 10 heeorae far,!!^ 
oltb olmt u .K-rlmi^ th, •.,.»« «l«,tric.ni ex,».ri,n!o ,,' 
rdneatliia ,« nnderinkeii Ik (hu counirj r " u *ol In 



tbr uater la expelled by miilntalnlng; by meana of a 
motor-d>rnpreaw>r, an air pretoture of one Hloiinphrre 
ab..ve nnrmul abore the water In fhe tank. In the aee- 
ond ear the utream li driren by u centrlfuiral puanp. 
The latter uiHImhI 1h elmpler 11 ml eli<«|ier than tbe 
fuemer and It doca not rn|ulre lh« tank to be air Unlit 
Oironiiboul. A 9 horse-power motor, which la used only 
dlirlnj; I lie actual aprillkllng, aulBeen for the operation 
of the centrifugal pump, while a T hotra-power motor la 
required for tbe air eompreeeor. 

Each car carries Uirra aprlnklern, one for the apnea 
between the ralJi and two for tba roadway oataMe of 
I he rolls, and each sprinkler can bo opened, closed and 



reauluKil. Iwltia-mlnitly of the ,„■..," 
width that ant is, Hi^inkksJ Is xr f naatlianm 
• lie ararLbldara „re „pem^ nltd Z^T '." 0r * *" 
■he spriiy u reKuuned l.y a "» wWlh *- 

levers, tat fa, <Uc J r * "'°;^««l ^«l™ of 

l»-rfor.„«sJ by eo», )rw .^ 1 nt ""»•• "|.rnill..ns are 
r-tely nut will, les>To„ " r "°* '"""nwly and aecu- 
bar.- a I r t.r„ k ,„ ot ">» •llend.nt. Itolb cars 

Tlf „ver llK „ ,,"T ,, " , y »««'e»«.pre-ors. 
hours, lncli„| 1M1 ' ™ rtl ">f each car. uwrtlmt sixteen 
miles «.r tr Uv „. .. ! ml,n 1 roadway sprinkles!. ''-*» 
width ,.f ., "W »nd W Hlllnj,. w „„ .„ .vcrss-c 
are sprlnkl,^. , "™ fert - 'lenrly ii.«Kl.nno square fert 
0 *" nteraire day. 




Street; aprinkliag trolley car. The spray jrta are easily reg'itlaled. 




Street aprlnklln. trolley cart la Hanorer, Geriaan;. 
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Design of Floats for Hydro- Aeroplanes — I* 

Giving the Results of Tank Exjxriments with Various Models 

By G. H. Millar, B.A. 



'J'Mm |>»piT is founded on * aorisw of cv|»-rlmc«iol modo 
by Mr. < 1 H. Hokcr and the author ot the William Prnudo 
National Tmik. »l Mm instance of the Advisor? Com- 
inittco for Aeronaut**. The work consisted of designing 
and running a large number of model* of hydro-aeroplane 
floats, *ome of which have been subsequently built to. 
TImt special ap|xaratu< employed and methods of experi- 
ments am dracrilied in the Appendix, while the complete 
result* are included in thn Official Aeronautical Report* 
hi ItU-U and 19U-I4. It ■ n-ld bo isoroo in nmid 
that the .tot>mcnU here mode, and conclusions arrived 
at, arn founded mainly on these mode] experiment*, while 
many details can only ha decided M the mm It of experi- 
ence with oetual machine*. 

H.vdr»MMf»jplaneM may be divided, hroodly, into two 
classes: < 1 1 Those In a Inch the machine follows the same 
general lim* an a land machine, with float* substituted 
fur the landing-genr; (2., th.»o in which the tillage i« 
in the form uf a boat containing thn crow, and sometime* 
the crsgiito. Tile term "hydro-aeroplane" is usually con- 
fined tn irtocnuies of the first daw. those of the second 
betas; termed "flying boat*." Those two nto«*o* »n> being 



jjffir cuavis at fata n 

YAAYIHS mCUHATKM. 



I 



nWts, which, of course, require* that the toil fliovt shall 
take some of the load at rest. This also makes the 
machine float mure steadily in a short ana, and allows 
an underwater rudder to be used to waist tnoticsiveriiig 
on tile water at low speeds. In any ease the load on the 
tail float is small, and it* design of no [larticular tihonusil. 
Considering the main f1»s*tH, the general linlsjsjsjg of 
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origin, and to poos through the point P ( »'). Tbe or- 
dinate at any speed r [loss than »') is, of eoorse.^y^ W. 

Sow it will be wen that the lift is eomparalively mtsitll 
until a high speed boa boon attained; at half speed it 
will be only one-quarter of the dead-weight of the 
machine. But even thin speed b a very high one for the 
length of the float, and cotissjqiisajily tor a float not de- 
signed on hydroplane principle* the resistance and wave- 
making will bee u me enormous before the air lift beeoiee* 
appreciably great, and the maehiue will never reach it* 
flying speed, unions with a strong head wind. 

It may here be well to consider th* principle* on which 
hydroplane design Is baaed. Any normal form of vessel 
will mo and skim along the surface of the water if she i> 
lowed fast enough. But in the cane of » nhlp designed for 
low speeds, the speed at which she begins to rise is a very 
high on*, and up to this paint wave-making and resist 
anee will increase to a prohibitive extent. 1 

Now, a hydroplane ia so designed that when a high 
speed is attained the normal prewniro of the water on 
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developed side by side; in Home i*e« both are uuut by 
the same manufacturers. The second clous i* specially 
in Aruerien, It is as yet tc*> early to say which 
ultinuttcly jimvc the Met! useful, but possibly both 
will persist. e*eh for it* o»u |Hirp»_«e. Tbi* |iai**r 
is mainly concerned with the flr>t elssw, the hydro- 
aeroplane proper, although mist uf the conclusions come 
U> are apjdi.'al*.. aUo to the 'flying boat." At first sight, 
th» latter may appear to be the more seaworthy device; 
but with a large open cock-pil It Is evpuwl to great risk 
uf swamping. TM < urti*» fl) ing Insu »n> ntUd witli 
water-tight bulkli.twls, and have a very large total buoy- 
ancy (usually four and a half tsBSBI the weight of tile 
moehinnj. but tin. iie. i~*lut.« a Urge l»»it. ahieh own 
then eannot lHtl*k* l«k. tl», plm of the fuselage of 
if the engine is earned over- 



Tunnng now to 



nuvhine may he *ui>|*w'>d "Hher in) by a single brood 
niolii rtiml. siili kiiutll . itoiiliory wing float*, or |.bj by a 
pmr mf lliiat> side by side ot a suitable distance apart. 
I'i .i-lh- ' i i -ti.;,:i l.iitl "liMt i: i-n\!.> :i'!iil. ^ . ,:■ "i 
may rvnl on the »»M at the lowest stieedi, or may bo 
chair of ir . i en when the machine is ot rwt, and only 
reli"! on to prevent the tail of the machine dipping if 
tt is thrown backward by a sudden gust of wind. It is, 
however, usually preferred to have, the center of gr*i ily 
,4 Oie whole iiwhtue aft of the center .rf bi|o>one> of Hie 



I st urn JuhlV UMwilia; ui uui laaUtwLtofi of Ns 



KqrnVKos t Oast liHUmtkiD ot 

,1 IMnwo- 



opuuon seems to be decidedly in favor of twin^floats. 
With a single float the lateral stability (on the water) ia 
small, unless the float is unduly broad for its length, and 
wing float* become essential, (hi the other hand a pair 
of float* placed too far apart may cause a severe slewing 
strain if one beooine* more deeply tinniersnd than the 
othor. As regard* efficiency, experimental results show 
that if a pair of float* be replaced by a single one of 
similar design hut double the breadth, much the same 
result* will be obtained, although the water disturbance 
is mure noticeable. The perfornuuvai of twin floats is 
not appreciably affected by thsir distance opart, provided 
that the gap is not less than the breadth of cither (loot. 
It I- generally agreed that the tutu; buoyanej of the Host* 
should be at least twice the dossi-weight of the machine, 
and water-tight bulkheads are frequently fltted. These 
Incidentally prevent any water that may leak in from 
to end ot the flu 
of the float* miMt be 
two, and their construction is a matter of i 
great strength being required with o light 
The design of h>*dro-aeroplane floats ia 
closely allied to that uf hydroplane boats, though with 
some important difference* Hlm<e the lift ot the aero- 
foils increases continuously with the speed, and ultimately 
becomes equal to the weight of the whole machine, it 
might tic thought that any lino lined ship-shaped form 
would be suitable for a float, hut this is not the ca*e- 
Kig. I shows Uie curve of lift for an otroplone of "IV" 
Iiounds total dead-weight designed to leave the water 
at a iqieed of t' foot-seeonds, it licing assumed that the 
angle of attack is constant throughout. This curie Is 

the ins Ot *l live 



the hull shall have a large vertical component, wbioh 
raises the boat and oo tlecreoses ber disidaciament, and, 
ootunquently, the wavo-tnakinsr. The sunpleat way of 
attaining this result is to provide the boat with a flat 
bottom, which, at high •needs, •hall have an i 
of almut 5 diarrons u> Uw horitontal. ia a I 
direction. 

r-srs. 2, 3 and 4, on this page, show the rest 
experiment* made on flat plates at t 
Tank. The pbtUM were 1 foot wide, awl were lowed on 
the surface of tho water at a series of small angles, and ot 
spends of 0110 feet. hOO feet, 1.000 feet, and 1,010 feet per 



arid the vertical fern. /' and hisrisoutal foree R on the 
plate were mssuured. In the figures, I' is the speed in 
feet per second, and A tho area of plate immersed in 
square feet. The plate being 1 foot wide, the number 
denoting tins area also denote* the length of plate im- 

and th. ratio which u th. rn- 



verse of the aspect ratio. These remits cannot be taken 
to be very exact, as there was a ounteUfisbro variation 

of — e— and -jpj with speed, although an unoeruiti 

one. This may have been due to two cause* -to the 
variation with speed of th« actual area immersed for a 
given value uf A (which was the area immersed when the 



1 la the esse or a nierraatn* form modal run ot the WllUom 
Kernel* Tank, for o ship 400 reel Min*. tile B. H I*, mruiml OS 
1KB"" »** «.ll». sacM 1SJ1 kaoS* eos le.l.o ll» o^Ul^aru 
of toe .pood tot.™ U— « 



Digitized by Google 



November It, lint 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2028 



*IO 



- at rest a! Ut same tufc, ^ height); or lo 
' In n inZ ^ ""•'"'""X 1 *• apparatus 

"mall fcarf. 1^. , ' , " (i -I' l, ">" Hosts. I high .pood, and 
••Mn.ne.1 rTd.k ?t "* " mu,,h " 10 5 " h»« boon 
Wirt. ^^T* ,h " *" <* Th »"» « tod high 

« 1 havU.' " . *" ""■"lino and an aspect rat*. 



'hat tlie pl.t* „,»,,,. out . hollow in the water, wlitc-h 
*J not fill 0 p ,„uil »n way astern of it. Thn aster 
which, paaae. underneath the plat* issue* at lhi> ba.1. in 
* """"'th stream, which »t tint follow, the direction of 
u>« Plato, but gradually farm upward mil From tho 
crests ttf bow diverging waves th* surface slopes down 
\t tl " rncK>th ««* ino - meeting it in a wcH-defined lino. 

tho Point* K, K two cmvorging waves appear to leave 
the .anw w»U. of th., diverging wave, and these meel u. 
form a t . lu .| OUH o( bnjk<m w „ u . r A , th| , ^ 

u> « "fan" another diverging system starts with a 
smaller on* inside It. This system i» mally a continual 



of 111 



n cx.livcrcing warn, which cross at 0i« "fan;" 




Typo 1 wave will go dear of the ride, type 2 win just do 
ao, but type 3 will k« a thin Sim of wattf up the «td« 
of the float, which will add vary eonaldwauly to tho 
rori.Ur.oe. Again, whew th. war. i» of typo 1 , tho .idea 
may bo Oared considerably, without touohia. the wave, 
and where the wave lo of type 3 they muit "tumble 
n. home" from the bottom to clear it. With a vertical -eidod 
ve and tUt-lioltomed float thia filmy wave, will always rise 
u. against the side of the Boat at a moderate .peed, which 
i..r will gradually roovo aft a. the •peed Inereaaee tiU thoy 
. a leave it altogether. Thn sketch in Klg. HI. below, ib,,»„ 
their appearance when the spot*! it reached at which they 
Blart to leave the float. Tbuae clinging wavol may, how- 
ever, bo thrown clear of the aide* by the um of hilge- 
plaiwM (better known, pnrhapa, by the fanelioiu title of 
•'mud-go arils"). 

The wares set up by ..ur elementary plate will uot be 
nnWu-d if wo build up a boat f.wm upon j t mayi^j, .... 
th. total load b the same, and that „„ .Jtof «h . 
mm* that formed by the plat. touch,T" " th " 
near t., iho aurfaoo of the water i„ " ouw * V,!T > 

1» .,l..erv„l that by fomuoir a P !f^ lW - il "»> 

plate wo i, i»y build on a tail ,„ 7? , h » rlt «• 
»t. whiclt ail. bt 0W.plet-.l7eL * °' lhi * 

am .pe«l . To male the L!rS "* «** at a 

»»v al tha iowct poaibij:™ . *■ l«*t elear of 




loat. »a it*li^ J ^ ,ta ^^rf-^*^Uune 
irfojiijUf" tu 7fc^ w having only » 



surCaeo, ao I'lBoieiu'.v of ll,K' wan 



junt afmic the i 
i»l>lAim>l 

l-'tir alK.x-. » ihxiiln<il from r'i>«. 2. :t and 4. by ral- 
Pulataai. ami allows the r«.<i.<to»r« of . ( .lato (I inches 
»h1o »i n i-ontUuil angle vt 0 deglMI ami » r.,nstant hied 
of 4.HI1 |».un(ls at »|»«!- of ll) fct to IS f,s>t )H ,r weood. 
It will Is. soen tliat tlm r.eii«t.nei- actually falls a* Hie 
«r»H'<l iivrras<* over this range, The curve onnn.n bn 
eXl. ndiHl ib.wn u.war.1 x.ro «|km«I fn.m thn cx|»riirii.ntal 
n«illU. but it will Ih; obvious lhat at a very small ajsssl 
a v<-rj- imi't Ungtl. <^ the |>luu, must |„. irnun rsed to 
siipixirl any load; hew., ehe curie, if jirodu.-od (.»»anl 
leri. hx-.hI. must U. of the nature shown by the .loiUxl 

line -i. ... asymptotic to the HvXlH iff ntKIHtAf.<*H, 

Kig. « Jiows the gonera! a,i|»^n,n^, „f the curie of 
rtKisUwico I,, » base of speMl t«r a hydroplane fhaving a 
cinslant loiul). It will bn that at (lie point P Um 
ral- nr ies>maa« of r.'ri«tanco rapidly fuUs off. This l> tho 
point at which the boat anOBMUM to rise In Uie water, 
and after this the reaistanrw ..illy iiv»a»« v«y slowly. 
In the case of a hydro-M-n>pW that running at a eon- 
.tatil angle the load w .slnntly decreasing; the huul st 

asisssl c is W 1^1- y^, where y i, M which 

the machine Isgins lo tlv and li' the dend-hsul. Hems', 
the curve of nsistnnci- to » .jsssl Isui, takes til. form 
«hu»n in Kig. 7, having a "imap " (which muy Is. shnrp 
and p.«ky or Hat ami s t .n>a.l out) at the poiul when- the 
rimit l« r ,ns lo rl». in the wsbr, and nf u.rw at.U falling 
off rapuily 1 all at the living <p<s^l il .l. notr* the air t>»isU 
an.s. of the tloul. In the -alne tigurv., curve ".1" d*siotes 

Ihe nnutar tlx. Il.iat would liaie if conalanlly kept al 

the sane. > crti«»l h.igbt and prevtmtod from riring; curve 
"li" denous* the resistance of a flat plato carrying the i 
■MM I.kuI as the Hoot. The curve for the actual float 
tends Ui follow eurve A at moderate speed- and rune H 
at planing >|sssls. the hump representing ihemtercesiiate 
stag., wlw u lie. Heat is n«ing sharply in DM water. 

Tin problem of designing a hydroplane tlu.t >l.all have 
a small MMMMn al a planiug «i»..*l is a 
ainiplv .me. B, lt the IHIuliugjiili for such 
consider!. 1.1 j f n)m ,|„,.,. (l(r )|)W re,i,ian.s. at 
bihssIs. A„ » niatt. r of r„ t. „ t B ,„«u up lo the 
99**4 My liy.ln.planc is a very Isul l«»t. t'onoder first 
the requirements Bt planing Kig S. alsoe, 

tin. wav.- »!„(,.,„ gi.n. rnt.sl by a Hut pint- t"«'-d along 
the surfns-.. „t „ bigfa ,p, H ,i , IM | i^ii [Hdcgroeii. 
the fore e n <| the plalc ...erhanglw. It »i» l» "l»en™| 








Fig.H. TYftt <*ODtL*J!) ^fr^jy^fy ( 
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Ffy.tS. rr/»cjtf*roo£t 
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The whole system is merely an rait „.„„. ^ l)ut Clf 
•n ordinary highsinoe.1 ship, whem t h„ -f,,,.. , w ,.ur» ax 
* '"Kion of htgh-prcmure unsler the «.f,„ ^ f< ,,„, 
T h«3 divcrif'Mt system aft of the far, ca-rm,,,,,,,}, to tho 
or, 'Snary «t«n diverging «)-tent. I„ B hi^lvsjessl do- 
,tr ">cr, the "fan" may nvmoUroc. } K eUviT „( tk. 
* U- «-ii. If 11 i u »t undiTOcaUi the stern, the spasv 
'""•Jidcsl l>> « h « diverging waves aft of it w il| , r ,pear as a 
p '*»-t.»u of l ""k»n water. 

t^ig, 9 ahowi a tmnsverH' section „f (he plate and the 
'"•iv .iivitrR-iBC wave. The latter arjn ..hin,,,. /rom t.v|x. 
1 l«s tyiw from ty]K. 2 to ty|„, ;(. J (he s|»o<sl Is. 

''"s-l-caiMil. " " le di^ith of inunerslon l4 f (|, e element is 
"IfriMised, »nd the same grailiial change incurs as wo go 
aft nhmg the plate. That is to say. ^ ws || of the 
wn ve bcc.'inr* ste.-p.s- and m.sv .-„„.,. „ up to tlie tsiint 
wll.-rc tho cnoil I"" its uiaxinmiu height. Now, •IIMnM 
th« puto to form the notp.ni of a float with vertical side.. 



net up its own system of waves, oiel Ulu H*_ _ 
, ro .n one plane may even cross ,)„, Irr „ n 
trurerest- „, ^ 

the ph" 1 " ji|Tir..Ut to design a float which thai! have s 
14 '* ...cv at - plBning" speed"- Hot this Is not 

^''■;„t sirtant « thn behavi* of the floa, a, lower 
• *'\£L a rn^anm- pomt of now I 



. tho im|H«-t,.ui 



'^^•'ofialaft'ra"'"! " P I»nm|r '»J* r 

h.»t on a -harp edge both nl the stern and at the »'!«■ 
For a f.v«l di-plaeement U,nt *e reouir- 
UA AM eurve^njoctional " 
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2. No sharp rorain or edgee in contact with the water; 
they produce cddy-maklng, wad coneeqitcut iv>1« of 
poww. 

3. Smallest po*.iihle wetted surface to mluee surface 
friction. This is not so important ns condition 1. except 
at very low speed*. 

We have, th-T"f"jh'. to Iry and aa'ofy two of con- 
ditions whioh lien in some respect* ant-vgonistic. 

Fmt. as regards Irnjrtli. At spiels below the "hump." 
increase of length and deon-iew «»f breadth produce con- 
siderable irnpnivcnent. At "planing" ^seiis they am 
slightly detrimental, mitl will pn.lal.ly cause tha ''hurap" 
to come at b slightly higher speed, Hut in the rue of a 
stopped float thin may he partially counteracted by the 
fact that the rssmiw.-r lloat will require bis air at lh<i 
steps. On lite whole, a lluat can always Ik» improved by 
inoreaatng the nt» of length to hruulth up to an ex- 
oeasive Hunt. From a practical standpoint, very long 
float* are highly undesirable: a good Boat can be ip.it out 
on a length to breadth ratio of about .1 H to 1. and in the 
author's opinion a ratio of aliout (i to 1 should not be 
M««lnl. altli.uien a good many floats have a ratio of 
7 to 1 or more. 

It ha* been mm that for a flat plate tbe inoel efficirni 
angle » 4 degrees, and for a flisat Itaving a flat planing 
surface the boat result* would he obtained with the sur- 
face at the »B1« angle. In practice, however, it b belter 
to dcaign tlio floats lo run at a slightly greater angle. »o 
as to give a greati-r margin of safety when alighting. In 
tbe scriea run at Die William Fronde Tank, the normal 
manioc ancle wa* ukon to bo. n degrees for the forward 
or mam pianinfE surface, or in tha case of a caniliered 
surface the mean angle >» 6 degrees. The model floats 
warn made to a scale of f \ » lor a machine of 2,300 
pounds weaght dealgnul to l*»ve tlve water at a speed of 
(17 foot-seconds in a calm. For eonvenwnce. these figure* 
will bo taken an the standard for tbe rest of the paper. 

It might he thought that the pilot Would I* aide to 
run tbe machine on the water at any ancle be desired, 
just as he can m the »lr. as a matter of fart, tbe water 
force* on the float may introduce very large trimming 
inotftonu. quite outside the pilot's ranee of control. Ths 
magnitudes of the momenta brought into play are there- 
fore a very important part of too iknirn. Suppose that 
for a given lloat. or )«ir of floats, running at a given angle 
and h|-*«I. the reaction of tbe water on the floats Is repre- 
sented by vertieal and boriioaital uoinpoaonU P, R 
nuundM, nnd a mwment of .W foot-pnuiu|», about aonie 
point a. torn* quantilira nan L» drwrmined from model 
e«i« riin.'lit». l/'t C In tbe center of gravity of tie' whole 
mitrhiiui sineluding tbe floats), and let tbe horiioiltal ami 
vertieal eoHirdinattv of (/ relative to () be to Al feet. IX 
T be tbe thrust of the projitller. and 1 the distance of lu 
line of ie-tl..n from <;. 

Al~i let the dweo on tbe elevator and taU-plali» l«e K 
poumN aeting in a line dittant t fnim f»\ and U't S he the 
reaultuut n'«<tawe of the maelilne i>jinrl from the 
floaU a"liug In a line dlxlallt t from '•' 

ThHi for angular .^uilibrium wu have, alth llio eon- 
ventiou of signs shown in Tig. 11: 

Et + Tl - As ^ .W + Pi - «». 
dhe trimming monu*nt beiiuc reekomii |*i*itive wlirn It 
tend* to depref«» ttte tall of t>n.' mnehine. Tbe es|>rea*ion 
Tt — St is usually vory sinall; for a maehino of tlo> weight 
considered, at a sliced of from 30 to 40 foot-aeonndi, it 
wdl probably not exceed l.W f.jot-|x>uu;|» at the most; 
and acaJculali.Hi of tbe elevator eouleul for aspt« iuo 
IDiM-llinv or til" weight cuve tlw following inaAimum 
v allien: 

Speed, ft. »«. 10 at M 40 M 00 
Control, ft.-lb. <»K '.'72 f>« nws 17(10 2-"i»* 
We e»n tlier>.*on.' . alciilate tlw. limiU within which tlw 
moment ,U 0 ~ W» P/t-HK mint U kept if the machine 
is to be nin at it* designed angle, although llifirfi limits 
may be exisi^ii'd momentarily. 

The value of Af . al any .p.-«l ami angle is, of eour»\ 
very largely dependent ii|»m tli" t"""iti'"i of the floats 
w-lative to ti that Li. on tin vulm- nf <t. d. V'*r the ma- 
chine c>!L«idrr>»! (i is lit a li-TeSr <>f al>cjt »i f' :i1hi>c 
the tioltom of the lliwt«. — that -to. part >.t \l - It * due 
to n»l»tai.<». o <,r M.ltie UO|eirlul|.-, S',.* tie: tl. "I 

<;. and. tl>icf„r., tl„ talue of I,, .ill he ,l„.i.|.d ..u in 
tbe oarlv st:ure< of the ileMpn. W,- 1li, cfon r.^iliri' a 
Mniple nieini'- of dMiTuiininc the oe^t Hiiital.le vidue of 
tine metlo'l of doing i» lo. folUiw«. Tile value- of 

U, P, K rvfcrc.1 to a <letl point l>. an> del.Tiain.d 

from mod«.l • \\» ritu- iiU for u riingv of ^lnetl- and ange-9 
and the \nlue of n i-i di-idnl on. t oll»«l"r, fint, the 
• w in whi.-h ih. juile in I'oiolotil i'^v de/.l and tic 
nt«nl \ art«i- 'I't-.en .if - .If — K ft t i* pi 

(to a l*x*e i>f h|» ed pkit the valuef of — P g ft. 41,. for 
»- 1,1 r. , of -/> ft..|b. ..Figs. 21. 24. and 211, le »l Lionel 
The r-eitll is an invert"! |iiinile>lu, wIihiIi, hy distorting 

tbe ali-i'OKa -eale. eitri In. rolie e.l lo a Klraigllt line /* 
will now fur , o.iv value >; tie f, preoTi-.t-d l:-y n 'Iniyht 
lie-, nil s'.'eli *irn.i;*i' liiie?. ru.l-ji-.ii)f from a jmoiiI ill Ir.e 
lw lite-. ,\t fh, ,.l.,:,.rto:l ill-, e^ .j-|- ^ ordiliau^ 
dele.til.e I tie mine, i^- .Vf - ft h uiel j.rtri up tile eodi of 

ordinnlen to form an 0|>*n polygon. Then, taking 
. of #. to. ralua nf it, ta given by ti» 



dletanee from tbe eorrwrponding P » line to the polygon 
curve, l>eing poeitive if measurvd itpwanUi, and ncgatlva 
if measured downward*- We can thus see by inspection 
the effect on the irKimetitu of altoring tbo value of s- 

We also require crosa-enrvea showing tbo value of the 
moments at constant speed and varying angle, which 
wiU show ua what chance of trim (il any) Is bkely to taka 
place at tiny "iieed. Himilar dlacrame can be prepared 
for thu cuxe. In the nvode) apparntiu used at tbe William 
Fronde Tank the value of .kf as read is only strictly cor- 
rect at 6 deg. inclination of float- At auy other angle 
(11 dog. + « deg l the true moment W AT coe *, while, 
wbatetri the angle, /' and H are always measured iw- 
Ui-ally and hori/jintally. 

Menee i *i"v Fig. 12;. the moment is now— 

Af„=.tf cosi'+f (» cos * + * «in 0) - 
R (scon 8 -j nin 4). 
vrhieh may be written:— 

M cx» v + n ' P nin i - B eos .) - | - l 
(i'cii •-+- Rsin el]. 

We now plot - n (l» cos S +R sin 0) ft.4b. to a base of 
angle for » - l. and distort tie alcciw, *ale to make it 
a straight line: then phit V eo» # + k (f* «n » - Jf eoe *) 
at the new abKcissa p«»inta, and proceed as before fse»* 
Figs. 22 and 2H). In thu ease. I being small, a rough 
approximation may be obtained by plotting - P instead 
of - (f'eos #+ «sin ») andAf -Skuvdoadnf V cos I 
+ k (P sin » - R on* «i. and spacing tlte ordinate at any 
convenient dtitMiic* uiiurt. If tli^> variations of P with 
angle be alio neglaetod,' we get a straight Une parallel to 
the base. 

We require mime point of ruferenc* for tha horizontal 
position of the C C, and the moat eonvenient one Is 
tha position of tlie ouster of liuoyaney of the float when 
fully loaded and inclined at the standard angle of 0 dag. 
Tbe value of p to bring this point vertically under tha 
CO. in then calculated, and the corresponding line drawn 
on the moment diagram. We can then readily see tbe 
effect of placing G at any deaired distance aft of tbe CM. 

It is now proposed to consider aotno float design 
In detail. Fig. 1.1, above, shows a type of float that 
has been more widely employed than any other. It is 
aimjiU? to construe tjitj<! Ium given good service in practice. 
It has a rectangular water-line at all speed*, and therefore 
should have line bow-linos; but. as uaually made, 
the eurve of areas is not particularly fine forward. This 
h, however, partially compensated for at moderate speeds 
by the large amount of lifting surface, which uausea th» 
float to start rising in the water at quite low iqxeelR. 

Cling waves form againit the .idea, and do not 
leave tlicm until rather a high speed is attained. The 
long overlwtig pNiuired forward makes the float very 
stable at small angles, hut otherwise is so much wasted 
length. Such a lloat naturally tends lo • ►lam" badly in 
a short lop. Floats of this type aw sometimMl nnod at 
the forward end bv pinching in the sides. 

Figs. 14 ami lo -how two floats of a very different 
type that wveo im-luiliil in the seriei of floaU evolvoil at 
the William Fmude Tank. Of thej.-. t> i* 3 (Fig. IS) is 
the belter, its flat under nurfaee l» iog all at the moat 
efllctent angle Hi-lb the*"' ll»>o tail appendage*, which 
leave tlw wafer comph vly liefore the hump speed is 
readied if the floats are maintain^l at an angle of o ileg. 
to & deg. 

I TO U OTWC.'r-Jof) 



as to prevent corrosion, nnd to teep like lalakr |d|«-a na 



Ix mnnj ploccs the il.nlrii'-lion of coi»len«-r lube* 
through idttbig or c»m"l«ii ckuHh In omelderaM* fx- 
peune. An article [ij Mr K Itale In til* f;r«cr«( «cc- 
trie /fcr-icw ilc(ll>i lit eonie lelojlh altll eaiisea laading to 
the pi»in< «>»' cnrno-lon of condenser tithna. These 
cause* may I* briefly elated thus: Slray currents from 
earthed systcmi. galvanic enrrents between the dhr- 
stmltsr ms-tals of wblch ilic <<oiidenscr la constructed, 
galvanic currents due lo ctctto*lts of uetlve material 
tnsltlc the tubes. u«' of unsuitable nslsture for the 
ni.ilcrbil of (lie line- The Jtauvti !-liut n-e of ta-gallv* 

le«,-lel-< .-.Tlbeil -J -1. Ill- |,teielll- Hie (let ll.I-ll 1 1, ,llCll 

IHitnl tixiu leiui- ,.r ^ tIoil- liiitrorl iiiuT. Kctraritlni; Ifie 
-■•Citlill IKvilit. Die lllle) „f Wtibll Hie liil»-s ore iisuslly 
0,|11JK,S»,| Cii>lr,' I ej.MI.e |e t!ie l'-,s| | roll Cll^illl.'. Ml 

Ibai no cerr,ol,n .,r lb- lut-^: <v,iil,l !„• c:ni'«il by (hc«<> 
1'iirrclifs. 'i'bvi ibe Ibiril niiiH,, |h n*|»i||nlble for the 
crvMlrr majorllv , f Hit- fuiluree Ib lei/ne out l.v the 
fuel II, Ml !»1 |«>r cent of the tnln- . UMolieil by lie' 
nolbor v., Ii- I Irt. it In Hie bole!' liolf, Vihece, of cmuCm'. 
nil internal ibi-e^lt* woul-l oill,\-l. It Aint^i^reil I bat 
In rn*i-> cbore tbe elrelibtl U.i. water I- ilrjoll llir-wlL'Tl 
o long line ef i-nM Iron piping. ,nple , f Iron mill inrt--u 
nmy I* ili-|i.^ll,.| In tbe cemlen-ier nib".. Ibu« giving 
rt» to )l jiiriici* el..-(r, -l>t It- 0.-H.H-. 'I be aiilb'ir I. of 

o|illi|i»n thai, -c li.nl oii-nilou huu la-mmeieiO, It 

.-aiin.-t pra, ti, ali> lie kf, ;i|e>t. A *liL--e-t, .1 tli. llml of 
piwelitliig lhi» oelel.rl.ill> dcncclf II. die c.n,Jelc-cr 
tuliev ts l.i i roil tbe luterlur of lb.- oi>t Iron piping so 



Fog Signals by Wireleaa 

la tha Firth ef Clyde, iu Scotlnnd. sererul fog signal 
stations har» been eeiiiblinhiHl which ore operated en- 
tirely by wlreloNs cvrreiita le-lit from a dlstaut station, 
and renulrc no attention other thau (he periodic reiilen- 
Inhmenl of the ncerasary sujipllea. The signal to In the 
form of n gas gtm in which a charge of noetyiroe gas 
air to fired at regulated Interval, so that It Idee fl flee 
Itself. The gas admission and Ignition Is quite aotiv 
mntle. anil once the gas la turned on the cycle of opera- 
tions proceeds regularly, A!l tbnt Is required Ik to con 
Irol the gas valve electrically, no that It can lie turned 
mi in time of fog. The needle valve uaed for the pur- 
pose la actuated by two electromagnets, one for oiienlng 
il nd (lie other for closing. Tbcaa are controlled liy a 
relay working lu conjunction with a special form of 
coherer, which receive* the signals through a Jigger 
transformer. The principal feature of tbe apparatus is 
Ihe selective synrhrcnlier, tiy nhlcb the apparatus onl> 
reajeiuds to a iHirtlcular signal, different algnnto belli* 
einplo)ed for the turning en aiul turning off ctrcullx. A 
14-foot riwlvlug aerinl of the wires Is used, ami the 
transnitttlng apimrulus Is of the simplest character. 



lug syuchronliers for giving Hie correct 



Wi wish (o cull uttcntlon to the fact that are are In a 
peadlieo to render comia>tcnt servieea In every branch 
of patent or trade-murk work- Onr stuff la composed 
of mechanical, elect rtca! aud chemical eaperta. thor 
onghly (rained to pretaire nnd prosecute all patent «|e 
pllcatlona Irrespeetlve of the complex nature of the 
subject matter Involved, or of the special Ized, technical, 
or scientific knowledge required therefor. 

We also hare uiwa-ialea thronghuat tbe world, who 
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Tnf. rvyrlw.l.sry current today 1" founder! on x 
iJiM'UUii- of imagination which is *o r.|iii|ih. anil so genor* 
idly accepted ihut it sii'lns ue assured as the law of 
gravitation. The sviuref inns* is supposed <.■ Iw an 
actually existing object, although in the "mind." and to 
»»• no oli-sTvahlc as arc this qualities "I external objects. 
In furl. a* w well known, there have I -ecu many pliil«e»- 
ph.*. who have maintained lh»l what «-■ call the "ex- 
ternal" world in nothing but the system ..f mental i.raw» 
of Mm who observes It. Many mare, while tvj.eting 
llib. sweeping theory isf "subjective idealism," Mm* 
insisted that all wc directly know ..r observe is exhausted 
hy tbe "mental Linages" and 
lli.ircfi.ro our kuowledge of the "outer" world Li in- 
direct and is possible only lircausc our "mental unagce" 
rvnreaent. or in some way correspond to. this ulllo.r 
wortd. This latter theory {"dualism"! has been the 
muni of »mi trouble io IW adherents whcil Uiej' have 
tried to explain just huw »f know that our images do 
<*.rn»ji.>lid I., tli.. oilier realities, since wo arc, unable 
to ol*«irvc anything but the image*. But the (henry 
hu nevertheless lieen hci.1 by th. majorily ..f educated 
men »n-< the sixteenth ♦« ntiiry, and hue with few ex- 
ception* lieen evpls-itr/ >.r tacitly assumed by the |sro- 
. of tlw> last forty yean. 

t. have rccugruxed two classes 
of theso "mental iniagcs." awl have for III* most part 
applied the nauie to olw. class only, calling (bo other 
dim «r»»»l«i»»- We Bhall, therefore, from this point 
' at nitric ted In this 
, in tne •'mind" when 
certain features of the external world (ttallwl itimulo 
wt <m tlie nervouH Kyutem. Tliua. elh^f ^ibratuira. of 
» ecrUin rale t«i|.in«tiilt on the re<iD» of tha eye. exeite 
tl», minob' BPTvii .iidiiur' <•all.il and lltnMiijIi 

th«ii llw. ik-tvi, eelU within th.. brain, and ultimately 
muarlea thnnnriioul llio lajdy; and the "woiation of 
n*d" ii iifiidueed. 

"ImaKw," »n tlie other hand, are produced hy tilt 
ai'tion U the mrvoii* iy»tein .Itle.ut the «*eiUltUil> by 
a utimulux. Thus, when I my eyi» and imn«lu« 

red. it ii asmnied tint tie ri'd in this eiuii. u an "image." 
•Iu*t ae then? I* at) "image" of red. llwTf may 1* "images" 
of M. Ii , of yellow, of «wect, of tewr, of musk or of any 
other quality the »n«es itlve. Not all mlndi, however, 
.HHvc all tynr*. of iinaKix to the «rae .^lem. Koine 
perwoa are breitoomi*niJ> "viiuali^en." and in their 
min>l llie Tieuul l.ong.i occur* irry .lUlinctly and freely, 
wberrax auditory imaim occur lcm freely and are vague, 
while images, of tjietl and lioil* may be practically ab- 
Heut Other minds are "auditory/ 4 and a few may be 
' and so on. A great dnal of work 
In thn attempt to dnvuw methods for 
detormining the "type" to which a xivnn person belongs, 
and a gnat deal of euipha»w hau been laid on the im- 
portance, uf making theae dctormiaationg. Tbli work 
wa. .WW by Frunci. Oalton. and ha. oeeiipU.] a 
pniniinont plaon in modern jo-c»Uo<l rxprrimental 
psychology. It will he nwdlly rfii'n that if thesa typo 
distinctions are important, Ihe koo«ledee of the typo 
to which a child IwLoBgs may dctcrniliie lh» ni. Ih»d 
..f pn.KMiUlion i>f mat.-rial he i- r.«iuire.l io karii. The 
•iiiidit.ir>" child may kuro more nwil) what be hears, 
• luroaa the "vijual" child may learn men' readily what 
he ices. 

Ai'eitfding to i.li« cx.nvcntiosial (etycliultsxicul vUi* llw? 
» iw»tiim« and images, with their int'TreUtinns, really 
make up all wo can observe or irf whieh wo can lw 
couM'iou.s. There has l«-en ft Utiu; ili>i>utc io p»y'-hi»loey 

ttfl to wlicthcr tllv rcjiiiioa ulioillil be lollriitti'd Ar II 
«|x.eitlc hiihji-et fur iisychologicul in\»*ti«:ti1ioii, l«it llii- 
is a tochtiwal matter which lias no jirvsctit sulcn-Hi 
We can here confine 'jur>*'lv'* to the study of the * li- 
gations uud InuigVM, A^ununs l-ui t the relations ai>- 
IH.recil.-l 

I imagine, or rcrie'tnher. or think, I ajn »t- 
temdinir to im.epfB Whi n I perc. ivc, I am attcoditie 
t'i o n«ilion? and iuis^cM toirvithor: for it s«in Im^mum-* 
ciident tlnil pure -er^itu.n-i i.n praelically never found. 
\VI.. ii I p. r.-. u. , th. objo t or my i»r>- i>li.jii is ou- 
.titutwl l.y a Tew sctL-atloh- mid iruniy iniae. ». The 
lijiple oil th-" table Iwfore no i is not u ni-Si' miikiiIicii 
..I r-.|. but nmuiiuv ill oddili"n the linage of lli.i r>- 
«»l»nee, AOolnKS, «w«rtn.1s. tartness. «t>-.. which I 
ln»\e pr.iioiisly cxixrieor-,-.!. If thip. wt-n not ao. a 
IMiiot.d upjile arid » rxevl :i|iplc w.^.it<l Im tl«- -.lime f^ir 
v i.H.i nl [.cri'cptton, wlwri'io. lliev ar. icoially not Hi. -;»ine 
Tiic riwtl..ll o.i ni the inis*;"' i.r. not witbeiit |*,iin. 
<.( Niniiliuity. The rut |H«nt« "I dlffexeiys'. in fact. 

been the lubjot I -f dlxpulu among psy. r.oj 



oeist.. Muny hold Ibnt the ossential ■lifTi'riilwx. [* in 
inJresily, llini the image or a candle flame differs from 
the s..ii«ation of a eaiidlo flame, fur example, princi. 
pally in being far l.su bright. DtJicw hold that tbu 
itnage has u« tnzciisi;^ ifA.irsocfrr: that iIktc are no 
hrighln.ws difTiTuncct. in images of light of various bright- 
n.»«.« One Image may r»nrciri( a lsright light, and 
anolliw r.jniMniJ a dim light, according to this view, 
but tbx*<i can b. no diffwico i,. t|, T hrightneM of th« 
imagn. because neither of thrnn has any brightness 
at all. AnotbeT theory of the difference lM'twii'ii luvagvi 
is that the latter is more vngne, lasts 



In recent years several painstaking sludiea of imago. 
Itava been made, sritii the hope v f dwlding thvue vexing 
quosUotib. Th« remits have not listen all that eonld 
bn desired; sonic observers deciding that images havu 
inuuuuty. otlK*» tliat they nam not. etc. Tbc studies, 
however, have shown oue thing very clearly: psychol- 
ogists of all the. orthodox tchools t.jok on Ui* iniages 
as Very dcduiite and observaljn ssititi(4. hatinif tile some 
qualitlsjs as do sensatkins, and regariind practicuily as 
copui or mod»ll«<l n?productions of seosattons. 

Thn great rtifllcvilt) wltii the doctrine of imacee has 
been in making it actually euv.r what we oomiiMinly 
call Utvn#Af. Wbun I "thiok of" aa Ink Isittlo which b> 
in a rooni a mile from here, the fact is (aeoonling to Uu* 
innliiwlox doctrine.) that I have at present in ray mind 
an imago of that bottle It is not contended tlial th* 
iinagej is n«M«arily a Image of the boMlc: an 

image yf Ujo wrand of tho words "my Ink bottlo" may 
scrv« ilia purpose. The qwation is, how do 1 know 
Uiis imagu U thu Linage uf that particuUr bottle? Thin 
knowledge is lyrrnuiry, if the iniage a to bulp ni* think 
of that bottle as distinguislied from olbere. The an- 
swer customarily made la that (be luukge. menas that 
tvottlo. ^fmnino, in other words, in ltrougbl in tjc 
nackinA to bridge the gap between the image and the 
bottle a railu away So if 1 am thinking uf a fire which 
bltrmsl ytntcrday, ini»sMn^ l^ijgen the gap Is tween tno 
image I have to-day and the IVrv wllsch oxisud yesterday. 

In effort, therefore, I am couscioux of the image, 
and al*o consci-nrj in another way of tie obj.^1 to which 
It refers, and heuco know that the ittuige reft*, to the 
object. A full oxplaontion. although cotnplieated; but 
what Is tbc use of t>ie image? 

Sueh discrepancy, togclh.tf with tbo reports of eertalo 
persons of intelligence who claim they have never had 
any "images" such as rsiychologutii describe, have kept 
alive continuous oppoclllou to the orthodox theory of 
imsgv, and a significant movenM'lit in pfychology to- 
day it toward the rejection of this theory This nwiii- 
nient has been furrabadowed by two otber niovenwnu, 
one profound aud the other t 
cwsilnin" in pliilosnphy, and 
movoment in psychology. 

Th,. "new realism" began with Prof, 
of tbo doctrine of the tradiiioual "inlnd." and has a 
diversity of exprctaion at the pruwut day The general 
movement is a rejection iwi only of tiic "m.:ntal imogt^" 
of tbc psy cholinjnt. hut of the "sensations" as soil. 
The four-hiindrcd-year-old notion of an "Inner aorl.l" 
Pj which we are limited, and through wlikll we know 
an "outer world." U given up. What wo know arc rcotf 
oi»J«t*. The color, for exainpl*. which psychologists 
have I Ken uuisung is a "tensatiun" in a "mind," la 
for the new realist a real object, aa "external" as anything 



thought aud |*T*i-|!tioil. It ii evident, nv.n on IW 

Ibiiiry of imagi*s. that one .an U' .-onseious of object* 
and evenU in t«o way. One can l»c eonsnous of what 
i. s...rc Wi, and also ore. call be conscious is? what nvi. 
or wliat v. ftsetrlfr.. Ill sbort. one can pircrie. and oin 
can thinl; the two forms uf coits.-loinm.siM arc jkitcj^ 
(iob (we might well revert to the term .Muifi.is) and 



Like m-iet profound reiolultonary in.A. iiu-uts. "new 
realism" goes t.s> far. In addition to den> ing a world 
of "tierntal" objoct*. the various sorts of "m-n r»alL.ts" 
deny till' existence of an ego or kaoner. The new- 
realistic tUories of boa knowkslgv or . xjs riirnee occurs 
at all sr.. tin. <v>ni)ilic«tc<l to Ve bri. Ily im-sented, but 
it is not unfair to k»v His', tbc vari.nis ohj.i tn In the 
wurld arc supptsAtl to i x|icrienoti one anotlsT. 

Tlie other movement to which I lutvc r.*errcd. that 
*A "iiiiiigelr-Ni thought," thiei not r. j.^t th.. ortliodox 
forniulau..ti "f |mj rb..|..ry, but lllr.-nipls to add to it. 
Various laiyeliiilisrikts wlvo itceejil images quite faltli- 
fully have oiis.rv.vl that th. Might d'SM ;e-ciir in easi-. 
wlivre no "nniurcs" can U- found, ll.-ne.' they hAVe 
a.l.l.-l t>. "e.'iiiiilt.^i" anil "iiiuur." anutlwrr i-utctrory 
<.f in. nnd ot.MiH*. wbl.-h are variously call-.-l by various 
th««ri<ts Itewiunainslaee. " ••Wi~-»i." and otlo* 
lerni. wluch will not. siiheint l.» Kn^li-h tran.Lstion. 
'I'tiis rii.ortiielit, although without any Jio-ilive ii.ue. 
is stTUli* t>. iiu^'ltle iw wh.il.sjri.-al theory, uml i- a prtf- 




f.imis of .HmscioUMieH, art. (unilamcotal.an.1 mi isiych.^. 

ls?v has ever Imvo aide to dispense Willi th.' dihtlnctKo 
tH-tn.M-n them. 

As regards the lAings i<f »*•>» "< or* rsnsrioiij, we ma; 
•iintinile to call the olijii-t* of perception «rn«tJi»»x. 

iinderataaillng by that torm its liu-ral »iinull.anee .,r 
hWw lhi»ft MSscJi or* prrreisnf (arviijA <n« si nssr. lllil 
tbc objects of thought are tben sensations also, at trait 
in many cases, and out any lit.eo "copies" uf Bensatiuu. 
The difference is not in thn object of consrMiusness, 
but in the- fact that in the one case we ptrrcnc ^iir 
intuit) tli.-ui, and in tlie other case, think nf thsm. 

The doctrine ttt the "image." however, is u crude 
recognition of the fact that In any prooi*. uf thought 
or memory there Is not only a content thought is* .< 
reinemlrered. but als.1 a concomitant jxvsent conn.ut 
piTceavevl. If this were not the «w* the ib-trino uf 
iinng.si couW never have been «> long held, even if it 
eiKild have arisen. Wbul, thin, is tlie immediate eon- 
lent in thought it lln.ee are no "irrulg.•s"• of the 1 
conventionally dc*rll»d? 

This question is answered dellnltcly by 
have accepted what may be called hri..fly tho ' 
theory of thought." The immediate conu-nt of thought 
is muaralnr sflasatiun. "Sensation" is a multivalent 
tonal, as has been pointeil out many lime* hy philoso- 
phers and psynhologistfl, so that wr, might as well ns 
phrase tbis statement by «a)ing that the immediate 
object in a thought is always a muscular contraction 
as "felt." I. e., as pwrwlviil through the action of scluuri 
nervw ninnlug from the muwUv tli«nselvi«i. This 
Utter quariAcation is easential, si nee tbc cuntraclitins 
might also he seen or |**v«ivcd through tonuh. as when 
tlw fingers of one hand are placed up.ni bleep ol the 
other arm. 

If the realities whieh have beesl misenJLod "iiriagon" 
are all muscular, how is it that the current doctrine 
of linages of various inodahti.-s -\Liual. auditory, gusta- 
tory, etc — has grown up? In order to answer this 
question we muvt consider the way In whicb these 
muscular "images" arise. 

All corunuousneas. it is now undersVsid. is cooditiofied 
hy arc-rtfitlt*. The are-reflex is the functional activity 
>i a rejtn-arc. a ebani of rscurons (nerve cells and their 
fibrous cjiletiKUWl.) which begins at a "receptor." or 
sensory termination, (such as lb., delicate et-Us In the 
retina of the eye. which respond u. tight, or the hair 
cells in the inner car which respond to strand vibration., 
in the skin which respond to preasorc) 
and run' into the spinal cord, finally on up to the brain, 
tben down the cord and out again, temiioaUng In au 
"effec tor," namely, in a milM-b. or gland. Any senesry 
stimulation of Kidlleicilt intensity must, therefore, m- 



a»d . vaiiine the |snH eK»us of 



activity, or Isith. 

The glandular activity has is., direct cfT.*;l on In.- 
nervous system since tie-re are no receptors in glands, 
but there are receptors (called "muscle spindles") in 
voluntary muscles, and when these arc, stimulated, by 
the contraction of the muscle. n* w n flexcs are starve) 
over the are. beginning in th>*sj -jkudlf- These arcs 
may lemiinale in oilier niuaelM. 

Pi n-cptua) eonaeiovisrui^ and thought oonsciousness 
are both cooiiitioncd by rellexes over arcs terxninalinc 
in voluntary muscles. This is- a fa. I w hich ha* long been 
known. We may evpeiee it in a Mh^litly difforv.nt way 
hy saying tluit muscular acrtivity i. a nonnal part of 
the essential physioUsrieal proetiw which controls cogni- 
tive eonsciousni^s. This fact ii> si.iuetinies, but iu- 
vorrcetly, n^erred to a.? the "motor poa.v of «i>i;«.-Vou^ 
rev, " KiS'ling-rvr»«'lou»tiiw., mat i«, the i.x|Hrxiir>- 
of ish-sj-iire, pain, di»»v. and aionlar ciiit. -ills, L. isroltably 
eonditiuncd by rv-ll.-x.^ over xn-i which lenniuate in 
glands, or in the involuntary mu-el. a f.niml in tlx 
soiiiiai'li. Intestines, and ••.Haiti -itlor |«art* .rf ttie l«lj 
In none .-»-.•«. the arvsi ar. relatively Used. In other 
«•«. |xarlicularly in the cieu- of ar.s terminating in 
voluntary musi-lcs, the .-ouu'itions of the tiearons 
forming tlie cbaius may Ik- vaned. Just bon the varia- 
tKin it. Hi.. iiit.Tooiinii ti..n ..( nc.in.u- i« |.n..igl.i al«.ut 

. l.y tl». fa.,t that 
ibrion ssd 
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cord) is in 

lot 

o> ,-irruiuKtance* may determine. ( tune formed, bu 
an nre- lends to persist; tint i*. if a certain sensory 
excitation, or group <if .'Xeilalioas, ho* once resulted in 
a given *et of muscular contractions, there is a tendency 
for the nuno excitation on iu next oceurronec Ui pris- 
duco reflexes llurough tin* mno arc*, and hence to re- 
ault in trie same ttut of .Hinlractioo*. This Is lit* estab- 
lished wansl tmftif With repetition of tbn reflex, the 



Hint u given ohj<ct, frequently exciting the 



• -1H1.1" eventually to have a definite muscular response. 
Tlii* muscular wpiinw becomes, therefore, the symlsil 
(or tillage') of the nhj.sil, and since it in the starling 

lion* become*, by the action of neural habit, buuud lo- 
gethtq- in & mechanical attain. so that in the aliernce 
of inlcrforifig stimulations, and eventually in spile of 
"Hub, if on* contraction «<run It will bo Micceeded. in 
an automatic -ay by the. other nrnhrn of the t 

Thin nMhainin* <if reaction* ia the pbysmlogtco] side 
of the "association of ideas," fur each reflex from volun- 
tary inuM-le hack to voluntary muaelc ia the condition 
not only of the perceptual eonjctousaes* of the oontrao- 
tion or image which start* it, but also the thought of 
the object which nomudly initiate* the are teriuinat- 
'■«aT in Hie contraction. The varying "attention" to 
tbv t. wo thing*, t*>»' Is laM linage and now to the though t- 
obitwH or idea, ia a inatti-r of interrelation af the various 
«m« oncAirruut simultaneously is the nervous system, 
and hi too eoinplsraled for iKitialdcratlon bit, Att. n- 



thcra. rather than to the external object*, ia DM form of the 
'•> tor, process known a* ialretprciion, which in the olstcrvit-. 
tion of image* or of feeling*. 

We may now undentand how the iniagea may be 
misinterpreted, ax they have Un iu the post, and sup- 
l"-— - 1 t« !»• of visual, auditory and otlier kinds. Tbo 
very feet that the nature of tile image and of the proco** 
of introptection Ivan not Itexi uwierMood has entailed 
impure introspection, the idea or ultimata though* nb- 

ls strongly visual >n its character, it ha* been easy to 
neglect the ai'tlial imago and asaunte that there ia present 
a vidua) Image or "copy 1 ' of the idea. Moreover, visual 
object* regularly call forth, as part of their reflex rcaulu, 
activity of the eye muscles, three muaclea taking part, 
therefore, in the image of the object, and this in Itself 
conduces to the interpretation of the image aa usual. 

Tile traction of the small utiurlea within the car 

.•otiduct* likewise to the ittiiinttirpretation of tbn audi- 



it b joct 



which take port in the furtwhlmj of 
utiagoa Include practically the whole of the voluntary 
system; I, the. muscles attached to the skeleton, 
and certain others belonging to the vlseeral organs. In 
adult individuals the vocal muscles are, of course, most 
impnrtant, most of our thinking going on in terms of 
the articulatory movements wlueli produce stHikim 
wonls. Next in importanee are the eye and inner car 
muscle* and the muieU of the arms and tipiier trtink. 
Kven those of iu who do not, like the Latin rarse, 
the images apparent to others with the aid of o 



still use tbn 
inuagea aa we pen<eive tlim ourselves. 

TIjc muacuUvr esplaiuilluli of tbe jirowiis nndtirly'w 
thought activity is not merely of speculative intt*ry • 
but is of practical importance to all the psycholoifi'-n'l 
•cieuces. usychologieal investigations, like that <"' 
ology, havo always been influenced by hypofhosna, »n<l 
always will be. In fact, It » doubtful if research lo »»> 
line could |»oeeod oxecpt under the gllblanee of ps" 1 "- 
tinont hypotbeaea. Then. Is evidence already that tl" 
muscular explanation of thought processes is to have " 
pr.ifo.md Inliuence in sbapiiig tlie reavan-h in a gr« »» 1 
many linca, and in supplying means of int*rprcUili< » B 
and criticism of what has already been BccimiplU.lu'« • • 
Tbe proUems of habil-formalloii, including learning «•' 



, of investigation diacbised. Tbe feelings ai s « I 
emotions, so unportont from the psychiatrist's |a»is*1, 
of view, but psyehuUseically elutpters in a closed Us» 1« » 
are oiwstlng up. Even the will Hie surd of |sijeholiso- - 

the new doctrine of tluiught. Hypnosis and the »« >— 
ttalled suli-eiMiacioua may he taken from ihe r«e.lut ass* 
the occult and put on a sound, although prosaic, reychs s— 
physlolnglral haaia. Dreams, king material for tls«» 



negleetssl a* meanlngleaa jiunbliv, may lie invostigaW»»l 
aa normal features of oonacioua life. Whatever may l>«» 
the final form of the muscular theory, and whatei sir" 
may he the final verdict upon it, it will meyitahly hnvc» 

investigauon. 



rartntj V Utitflow K^gnliting Dcrrtes* 

CuuMux pnettaea of disposal In this twentieth cen- 
tury of community wastes and factory effluents which 
not uncommonly Dud their way Into streana, present 
certain problems since the water courses and hikes urn 




Fig. l .-vet I ion of regtiUtor. 

The iltiwjlute tessl of knowledge with reference lo the 
purification of etttuents and atroams bilo wuk-h they 
tQm has eunsed considerable activity bi Inveetle'athHi 
und baa been u fruitful Held for Invention. 

Among ll«' newt recent of Ihe methods of caring for 
(he How of effluents or streams receiving them is that 
pruM-nlco by M. 1'areuly iu a memoir reed before the 
Acudemy of Scleianss lllirlsj ou May I Ills He itlKki 
Ihe general proldem In a numbrr of ways, one of alinh 
hi Ihe regulation of a varlalil* outflow. Tlie elect of 
xutb n«ulntion. or one phase of It at leeat, will be to 
apread the treatment of an Intermittent etllueut, or ooc 
which news only during working hours, throughout the 
whole twenty-four hours, and may be applied either 

where filters of one kind or another are lo be employed, 
li'ollowiug are the principal natKailous of the memoir. 

i'lg. 1 b» a diagrammatic preaenlultou of the regu- 
lator In secuuu. A dlvbluu mall lies lajtaeeu tho receiv- 
ing basin to the left and tbe outflow baaln, trtwtlng 
tank or micr supl'ly to the right. The two basin* have 
water-levels, aa may be observed, between 
: basin* and forming a portion of Ihe divkulng walb* 
at u chamber or luck. A, A. This boa au Inllow of Hied 
orlflce, o. und an outflow be) end to* wall and Into the 
ktmtU, " m which may be rutnilatod. 

The reguutllon of the outflow la effected by menus of 
u tioution box, C. <-', eoucentrlc with the valve, V, aud 
moving It Tbe two are susismded from tbe arm of a 
tiulance, I., I.,. The flutatlou box la connected with the 
Inflow reservoir mid muuitabis the water level of tbe 
111 tier, ,l,c lock A being variable and somewhere be- 
tween lultuw and outflow Invela The Kubmergemt, of 
tbe box, and with It tbe valve and the amount of out 
Mow, wm depend upon the difference In leVeU between 
the roncrrelr aiel the lock. Tills dltTervuee bt »w com- 
pul.«l Umi tbe omlflow will be uniform. 

The Inventor urrung.., f.. r u corws-tlou to account for 
tbe different displiMsmient of tlie lsix walla at different 
level-* by a c*ittnteriH)l»s», /*, which la varied In tbe 
amount „f n» ,mn submergence. Similarly tbe diffvreut 
.liaph,„mcuta „f lUe ..i.e. I , 

of IU..' 0 ' 



The other ligurea show some of the details and modi- 
fications uuder different elreuaisbkticea. In all of litem 
ie 1* the storm water outlet b> care for auddeu flows 
which might cause deraugemanta of the surfaces of the 
nitration beds. 1'lg. 2 bt an application by l"*rent}' of 
hU prbiclplea to Hushing baslua and Is adapted to amall 
planta The mime general |*liiclple la maintained, but 
the flotation box here serve* both for box and regulat- 
ing valve. Tbe Inlet of tiled sjxe. », la here iu the bot- 
tom of the lock. A, which In the diagram la relatively 
much smaller than In Fig- 1, nud the outflow la over the 
wall at H, The height of water hi tbe box la the sanie 
as In Ihe reservoir, being maintained there by mean* of 
UN tills. I'. tlie tube » being a conueCth.n between the 
interior ami tbe outer nlr. 

In ettluents the weuk and Intermittent llows are fac- 
tors unfavorable lo uniform distribution over Altering 
tied*. The Parent; Bwdhnd of overeomlRK the dihVuity 
Is sb,™n In fig. -J. lor tbe distribution over tbe bod. 
/. there Is the familiar system of perforated tube*, a 
or sprinkling maxles, II. II. under pressure. The dU 
trlbulor that Is risMmmcniU-d here is a slph.», J5, which 
dUchargea Into a movable backer. 17, on Ihe arm of a 



work with remark - 
In Uif 



with reference lo tbe nv.,1 end of Ibe siphon 
Ihe amount of flow. 

Klg- I shows tile principle again for outlets of large 
capacity. Here u nselal disk. /., ctmnti-nsdatsi, plays 
between the walla of tlie oullet. It regulate, tbe out 
flow acrortUug to the procure of llle outflow upon II, 
which again la dependent upon tbn bend of water In 
tbe reservoir. The flow may here be gaged by means 
of tbe Index, aa shown. Klg. a. ah» tor large outlets, 
presents the combination of thk* dink with Ihe flotation 
box, the bottom of which forma lbs;, valve. 

The ligurea show various oilier matters which are dU- 
cuaited In tbe original memoir. The tube* at tlie aide* 
of Klga. 2 and B are |.le».tuelcrs, and II with ItH differ 




tng llgnre Mirfro-tiis nater levels 
form the ImisTtunl factor to the 

i In level a 



differ 




IVirt Kafcl Nile llltrallou ba>lu> and 
fkatlnu plnuts on Ibe Caliuette 
Holland, and Indochina. 



Poisoning Tree Scale 

A cuaaaarostiiEftT In eiscact' relate* tt 
rather startling exisrlment In killing tree scale by 
polsoidng tbe a*p of Ibe tree. He »*y*: 

"1 nave In my gr..und u plant of Siainbih broom M 
n tloaen years okl ami with a trunk about four 
In diameter which lias for several years been arr 
lufcated by cottony cushion scale </ccrpo fmreAati). I 
have tried various .pray, have put *c.ilec*tl« bee«^» 
on Oie tree, and at one lime cut all the branche* off and 
sprayed the trunk several tinx-» In the attempt to get 
[s-rmancntly rid of lids nolle, but up to bast winter It 
seemed that all attempt* were In vain. In February of 



with Ihe ecale, 1 bored a Vloch hole in the trunk to u 
depth of about three Inches, filled tbe hole nearly full of 
crystals of pntaodc cyanide, and plugged it up In two 
days the scale begun to fall from the tree and la a few 
days all aiKieaml dud. Others hatched and attacked 
the tree, but hinted only a abort time, aod the tree has 
slucc Isx'n free from scale and very vigorous. 

-At the same lime I bored a similar bole In an old 
pencil tree which seemed io have leiaacd Us usefiiluo** 
nud put a like charge of isitaselc cyanide In It The 
trts, has since socuicd more vigorous than before, and 
ralied n fair Una of poaches. After feeding sonic of 
tbem to chickens and a rabbit with no npistrent 111 
result*. 1 ate some of tbe peaches, ami could And notb 
Ing wrong with tbem. I hare since put a similar charge 
of the eyuukle In an orange tree with no apparent bad 



"It would »*«n from tbi* c>!«<rlmcnt that It |» r « w . 
tdble in some kinds of tree*, at least, to poUnn scale 
and sup eating insect* without Injury In the tree. The 
method would seem to lie e«i«chilly adapted lo killing 
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An American Aeroplane with Adjustable Win^s 

Improvements Necessary to Make Flying Safe, Practical and Commercial 



A Hi U t by uhlrti i " ■ InehleiMV of tin* vt In ||n 

Hill' of lilt* |im|*eller tlittlM and III*- a\b> Ol ■ t>«* fil-eUtfr* 
amy Iv varied al will iliifirii; rllshl, sinmi-iy advoniied 
h> * writer In the **u u.snrn AumcAx, ami mi hrlh 
lUhlly v I iullinti.il In Kruiuv by I he apt-opium* "l'aiil 
Smith," wa* embodUs! mill curlier lu an American mono 
plane of tin- Itlerim type, built lij Kay t«o*nls Mattrsnn 
In California, nml shown In the ■cntinpntiytnc Hlu* 
1 ration. 

A worm it«*itr riiiihl*-- the tingle «f Imth simp to Ihe 
fuselaue In In* rtuKiufil hI mill t ti n*p< ■»»!> wllh a minimum 
nf effort nil tftit i mn of the pilot, ami without dlMurt*- 
1 in; iIm- uarpltn" or tlii> Interaction kivti-cn the run 
utn*£*. The worm tfrur iindnuhtedly obviates tun In 
In-rent difficulties of adjustable wings lu pnnldlox an 
easy U4-I l<m a ml, belli* uuu reversible, auti -miitl--.il I* 
••cklui; Km- wine* it( any deMred mitclr. Knii-rci-M li't 
•>f ii. un- however. < m ■■ i terj ipiirk action h* well, 
ii ml It mum I»e imwlldc to (-resent die wing* lo tbe air 
tit their MMfVJl angle Jiw* an InMatil la-run* fmichlng 
rin- ground In landlnc mul itiia unite uh MidnVuly n« 
those of a s-sinow am lilted In alighting M « twig. 
The wings must 1m> swung with lightning sjus-d Into a 
poslllou w tan their drift largely cxi*i»cds tluHr lift, and 
h flow change i»f ihelr liieideoee by the band nf the 
|..[ .i working n worm irrnr would result In tbe very 



■I ■ ■-!.■' of -'ill.- ||M' .n. .n' It U 

therefore necessary cither to provide n clutch by which 
Hie uot<<r tuny l«* maitc to drive lb«- norm ;>nr for an 
IuMant ill a very bleb M»ecd. Bn ,| rclcu»c It Jit»( an 
•inli ttli, and an auturoittlc luiml brake to Mop JiimI a» 
Miiddculy an> further mtnemeut ; or tltr norm gear u <■ I 
l«r r*|»Ucfd b> a |»4Muli In a cylinder worked by own- 
piv-»*cd air front a milk, with «ultuhle take arrange 
uicuta to liiNlantly mute It in either ill mi bin mid h*ck 
II tu any desired imsltlou. These mechaiil-nix an* m> 
rn»> to proildr 1 hut It wonld br a fireat |4t> If, llrxt of 
nil. an mtlrrli imitH mid cxtrraoHy UM'ful *ah> of bind- 
litf like a blnl, iiraettrally without a muw>|ii» nr run. 
i-nuld nut !•*• t*«ui rr«lij«>-*l In prattler by an AnuTlniu 

pmhUm 

Tb*» n«»it tank to bt a<*o.4U|illHb>rd by an ai*roplanr 
with lamer iidJiiMimHiit of nlnu Incident* «hM be In 
Irarn to practically Mop In tbe air wltloul fit I Hue. by 
Mmttlnd; off |wiwer ami "kuorklnc" the win*- Inlo ilx-lr 
-.(•^-lie-l nnirle iiimI Juit an nuildcDly mlm »• Hut mixlr 
*'i>lj a Utile and rtnuilnic tlir loolnr nl maximum |Ni*arf. 

A rvnll> eim-leni etcvulUm i»f llila nimieuTrr calla 
Imb^-d for a pro|N>ller Mlmta* pitch can Iw JuM n» >ud 
dittly rctlnciM to a minimum >t midline jaiir; and 
i-'cnlually, even for a variable afa*««1 ilrlrv iM-tweeti 
molnr and propeller, a* In an atjlntnoblle 

No doubt mntiT dintinicr* would be horrified by «ucb 
c«>m|»llnilUin*>." Hut *ae n*c today thai tlir pa lb of 
prai*ttcal liniaroTeuient for Mieh a rouxh and -read* ma 
ftdiie a- a MM blcjr-b- itm m'l tend In the dlreclbm 
■ ■r Mmpllf>ln« but of He>eaHi*d cvim|dlniilinr- l»j midline 
eliileh ami rhnmre »|Nei1 ilrUe Ten year* nr** the unto 
in*. Hi- «;iv enimmiil ntib i i>«iipl|catbMti> mid i*H->li:nei~- 
iin- mm bttiqr athllin; chi-trle Marter« and adJuMahle 
i-'irtiiin*tera. etc., |» facilitate their ittierattori In tin* 
-same miinner. jobllm* aocnlleil rt.inplli-atlr.iiH often* the 
MMJ Ml >t imiMni: tlie prlnlllie aeroplmie-t of to day 
more relhilklc, m*>re tafe. anil comte^nrntly, at laM. ■■<■-•■ 



By Carl Dienatharh 

i 1 1 ■ i 1 ■> i mid - ■ - r - N.tiurc lAMM un In fljluii 

Mr*ht tin* ummi eim-leni. MNMNBlfldi nml pnulleiil kind 
i*f bN'iHuoibm- mil> Mm* mlvnilluu pbner mil eiiJo> Hie 
fttiilN of AuHka. Hut the (l>It<t* umHtliierj of bird-, 
ulili ilu- |ut-M1>HH> nf an MMN number of ml JuM 
uicid*. u humlreit iln*e> inure i -ran pi It -a ted than lb*- 
pro|MMHHl ucr-iplaiic. Nerertln****)*, JuM imlne ro IIm- 
BnattW rc>furcefuliic*4a of mii'luritcul art* a* com** red 
lo 'i !ii" rent llinitllltona la bloloclcnl deirlnpmeut. tbe 
pro|at5et| uemidnne will tlmrr the emit prlvllrce of 
lil nix nter all |«ri***-m d>luc tnaclilraH. In tbal thry w|H 
mtf full when mi ■*«|rhnle" »itdden|i di-dw>'ti m«iM of 
i be NMMi us" t Ion )H>iwreii the air ami the mihI«IiiIhs 
purt of ihelr advmirins n-|uu>, or If t| Middonly ptHI 
NOT them a wave of ileHftiallnc current** lncldetiii* 
uhlcb aen-iiUnc* are nl |irf*t*nl vululy Iryli'i; ti> fetnl 
•*<I by uu Inertia-forbidden -mbb-ii lucreaac of -.jMstt 
The propote-1 uniclditr will hiMautly Increase Us lift 
tilfhi uu Ik* *f#*t by a much M<*c|M*r Hjlmr ane)e. 

ThN of ruui*-e call* fur rc**er»e |Miwcr in tin? miMlor. 
H ruther IMMMH Nlti* of an adjuxlabk pitch prn- 
prlk-r with u tw<>*iM>fd diite" from the motor. Imt In no 
less imsslhh* tluin u bird's *udit*cH lucrenM 1 of lift, rlirtil 
no the siKd. by the vie ri u<- naprdni; <<f the whole Vfliu*. 
Lllleutlial ba* shown that such Hupping 1* oron-nmlcn) 
In |Kiwer, ami in the rn*>e nf Ilu- bird. Mmllnrty reduees 



tlir needed e\iru effort. As f**r the ntterhunlcal tUrlrea 
MUMtf b<r Hie MMfltMt Happliu; U ur«-e*«arHy a» 
much the turtles i»f Nature as the n*vl|iriN'iitlni; lever 
net lou of I»i4> and fin- Ju runidtttf uml attlmmtuc. but 
UiervaMncly dlfllciiU to n*|»rmluce lu u llyltic mar bine 
mi any *ciiht lnri«er lhau a ctaador, Tu niuke MMltMUQ 
nlims MriHiu f-uoiij:h Tor the fMMMHiM "f dUlil IMM 
nil tiMThiiuicul ri*soiiri*es, even In u medium *>ixeil jut.. 
pliiue. The Itumtan mammoth hlplauev .• in r n / .-I 
NMM| never attempt Ibe art* of l*etMi*d. 

All Imllcatloti*! indut to img:resit In the dlnr-tb-n tif 
luaklin; the medium mid MMVbT *lw*d urrn|ilai*c ti* 
coiuplloiliil mid reismieeful fft a blnl. There I* an 
eulLchteuliit: ii*HtarU.ii to Mlb-ts-e any pn*1c*t» aipituM 
rtimpUmlliiir. Whal am-i !«*• umre .in! (ban u nitUtur> 
rifle? Still, wbate a comp)h*aicd innetiine MfM tviw an 
a handle for Ibe modem *oJdlcr'*i "pike," the Iihjihh'I. 
ax comimml to the Mmph- tuU- of a huiidnil u^rx atco! 
And (IiIn tame tunall rltle ha« been easily i nr i— -1 Into | 
"liuchlne «ttu." wbereni mitonaatii 1 <*annou of btri^-v 
are dldleiilt to make Small plMoli api<riNieliMt 
■MUM sun* even with the Imeutbai of Ibe llr»t C§M 
revoHer, mwl have mm ib<vel<<pit|| lo well nltfli com 
plHely autoukatle action, allhoiuh the) muM withMand 
moeli ktiorktntt nbout. The lesMiii for Hie Niiiall ner.» 
phine la I'okker In Herlln ns-eutly i*ot>«4 meted 

a liny nlntth* mmtrt mixiotilaiw b*r I'eyi.iid tllichix" nlth 
-.. i... - nft -i.i. i ti pli"l"i*nipli ba*< shown a eouipleie file 
of full crow n nseii Maiidluu without MMriMR iiiiy dl-lor 
Hon. and widen ha- drnun xi*rh tnarvebuo dylru; ijimII 
He-, that |t» dit.|^uer mm •■fllcially hmn>niL 

Kreu pg pracikml a t\Wr and emtJueer as llehuuih 
lllrtb lint pmlletetl maehliie*. nhli mljuMtihie wiiii;* 
awl nrrersllile prnf- liers lu a lm«k hi bl« ex|*«rleiiee«, 
Mill a furecaM Int.. the future. Why tin*. m> \*rtr>c been 
ntTered fur reuliiliiK lil-t prnfHi-*!. tn>i«*ad of Htritluhirc 
the pre-enl im|ierfi*ct tyfsr lo Its limit In Irylnx to In 
eretiuf* i-i/e a»al radlti-* or aciiou? 



Ihtes all teclinli-iil prmjre-.-. In fl> luu haie h> de|a*ml 
mi ttemuttimml tiiN^x'f lllrlb |irrdb-lod, alwi. Iduh -i«^*.l 
with ••mall power; in other wonl*s an -at rn«llits of 
aclbm for My lit I j hmded uuicldneN, due lo reUnetncnt In 
■bitlriL If II was found iweesMry lo i*>pilp the eveun 
t'vliii "Amerbii" with a ihlrd anntnr. It ibtes not lm>k 
uu iln>iiich a prij* for BMMafalp the At In nib- would brlnu 
iiImuiI I hi* ii u' ■ desired pMffffMH 

Tbe aemplnm* eto-e|> reaemblva lite bird in Itmlla 
Ibuti. ami a ^imiiik machine alioiihl "fetil" frmu |h>* 
water like a irull or an all-alro*-. In the light of ubst 
bn*. \mvti Ktld above, ocie mini wuluni-s In |Ndnllu**; lo Ihe 
ivraslhlllly of easily n-»tlnii and rnlMnx an "AfJWtaT 
on aial from tnuiiilc*! wnters by eminmuis adJusliiMe 
I wo drive | i . ■ h ■ i . ■ r - ii Md adjiiMn Ide wine* : In ot Imt 
wonK detHopbur art it air (iff at i#Mf *tn*rt. Tin* 
"Anierlni" fell l«ck Into Ihe water afler Ibe hydni 
pin ue*> hud I If nil her. 

TIiIm wmibl permit xafe alluhihu;, ret-iariln-*, ami 
pleklm; up fuel front MeaitM-r*. ir a very mWM frac 
fbm ttt the ueliiht -*tie<| in fuel wen* dcroted to a |*»« 
erful lean bllcht iwelahl- nf aerial llcbt* bare recently 
l>een icmttly niluonli. miiklnj: dead reckoning from I In 
wnter feti<db|e tit iilxld : ami If. durlu-e i* r ---U •>( fot*. 
a lwd)Acd (Hileul Ins were dr.ii.v-l In'tiind no a ]dmio 
wire, ulth a prwlelefmlmil breiikiiii; | n. I nl. (here wiNild 
he no dlnVullj to reiob-i< i4H w ith MmnierA 

The pnnillcl lie t ween the ill reel llfiitn-tlaisjiiuic of 
Unl* and an nen«|ilaoe wlib a steep nnule or alluek 
|i.«ldi uykmI tet lu iiimlher very Imimrtiitit illreellon. In 
Ibe m0t re|Mirt of the Ad»i*«ory i""ninilltee fi-r Hie Knjr- 
HmIi t-otvnimeut tkow Ihe itaoM lm*«irtjiil naitrlliulbui 
In Hie RtHMV puld)H> aeallalde. bnrrfoi: Klffels ei|«rri 
lt*eitt-> It tins made clear Hmt mdy ulth a hhcli anule 
Hi iitlaek 1% Ibe ■•npMM safe fnmi lm*ldb*us alr 
eltutes. and Hut for this tWMM fust machines an*. CM- 
trnrj to lh-*-*nes. always ihmii slower when |i|lut* en- 
iNiunler tretHhernu* nlr e.aidltl<*tis. just as sourlnc £1111*- 
<*ao he -ecu In re**>*rt bi fiiippfni: In ausl*. 

Tints, what I- proponed here lll-ilie* o|||) Hie • -ufipht 

• no/ • .' .r uf ,i i. . nlrend> Irietl uml pmteu 

by the ls*»t nitihorlthf. with thl- dlrTcntMN*. thill 11 wn» 
MM it- riv.ti from blind prartUv only, hut from extensive 
Mudy. 

A fawl mtHleni muHdne Ibii-t oj»eraie«t with tlie **.le 
help of Ihe eteviilor, |MMM a very < - mde uii'urniii--. 
Ill uda|4ed in Its new fit mi bin, |*un of the wiutc rn-l- 
Itself In a current deuceiidluit fmm Ihe pmiafller. The 
fiiM i- fnreed lirondMde mi thnanrll il*e air, rtaakluc 
it* Fitreamllne form u^elesa; nml. worst of all, Ihe small 
ruddi*ri ami flaps, deslxncd for normal Hf-wd, |0M M 
much of ihelr trrip uito-n the nlr that they must lie 
norketl eonslanlly near Ibi'lr erltlcnl uncle, when* fur 
I her lucreat-e of effeel hetNtnae*- tin|»-4*<|li|e. mid the uu 
ehilie 1- In loimlln-iil tbit u-er of uelllfiir nut nf hand. 

The small |-rnfs>1h-r iMljMi for Hllclem*> at blcli 
-t|terd wastes a*- mm-h fsmer In Mlp a» In M.-irlluic. ami 
the motor, even with thmllh* whle ihjm>u. nn )M > in-ir» 
run at maitmtitu sthhsI and pNM Ihan In xtanluu 
U'tllMtr Wrli-ht told Ihe writer u* enrly a* VtKk\ with 
Ids my Mlf- 1 in.' H-nlle : "There 1* a pmpeller for eicry 
thl in:, ami tbe heM i-n^M-ller Xnr in -rout I tllirht 1* not the 
besi profs-ller fur MarlliiK" Tbe tfeHMM eotirltiMno I* 
that W9 neeil a i ■■ i* i: > ndJuslaMe for different 8M 
dltluo*. And tet, when a |MM IkflgMff like t'liati 
\V*re exhlbltiil it In lari*e sixe, none -eeme«l to »ni»<i» 
hi* purpiHte 

Tlie pni|s-4eil iwo ><|a*ed drive needs unthliix like the 
niiw nti ati aen>(dane Hint Is nsjmnsl in a mnlorryek»- 
Hut wwm, with a uiiixlmum nn-rrle of nliack for ihe 
whiits, the irreale*! nitlietbai of |dleh for Ihe enlariretl 
pntpeller, which may Itr u M h| wlthnul hmliiir eflleteney. 
dm*-* nut yet allow Ibe nu*or to run ul maxliuum n*vo 
Unions. Hie advisability nf Milftliu- pHNM Iw-imiiM "l» 
. lous There an* such simple. m)mW$M% nuTlunlral 
Imjiroteiiterils uetsle-1 lu the present aeroplane i' Hie 

ii instant exm-etalhKiH fur * ■ ' liu ,» rery fill ftftlMl 

**f" a* pit I rul as the wild fan-iet nbout the Wrltrtil 
machine while that wns yet the fatssiui nijMerj. 

The awardlntf of ..t r the two prlvi** irtTen lu the 

n-evnl safety eunleM lu l-rmiet- to ti "|*aq| ^-hmliH" 
•aii" tlx Jirit n- that to lis only sncct-K-ful rival who 
deiuoii-trriltsl si» strtkitiLdy the Ix-autimi in 1 1 hthlfl 
iirnlu IM arallnbh* bir miy type or llyliuc maehltH*. but 
miidd bain Isvn yet more -Wrvcd If this tms-haidcal 
iin|*rnieiuefit hnd not ntsxlle--t\ siopixM vh.--rt itt adjuxt 

Mm whm*t with Cmmnmf* MjMihN piwfipp»i, ready 

to HMi 

M mtt-4 nlso lw kept In mind Hint all the*. mlluM 




The Mji'lfxnrt adjuslable winK mono place. 
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mill that BlMim -dmple "MT mum l* iteveloped lut« 

.••■iM'lliliic ultaitm) hh mmpllrutrd lillil >«'( dm qui** and 
easy to liunJK- m the KinfiM of an organ. 

With f lilt* ir«. return to live inert tr-rious Aoncrimn 
-IlleVM*' whlcti rurnldied the ssjsjaaato for . wide 
gagsafd] dUwu*nUui. If. unlike thr I'mi) Schmidt." It 
has iw record as xv* of cotiTtnrlng le*K til- I* to k*> 
iiHrlhntrd to nit ernir of the i|i>«tgnor. who concentrated 
hi* efforts more 011 ihr uttiiliim.nt af automatic aid* 
control by n differential tnr, automatically rqunllxlm: 
ili.< prcwuim tut w-iradJiiKtiitg warpl"* n-hup*. Tbl* 

W mill) I • | • . If ■ ii .: r ■< ii ii- foil III :T 'i l to nrgln 



Mm* direction of such pressures, but difference* In direr 
Ibui of Dearly dexiws may thus bahiur* themselves 
lu nit extntnc n-e-uitwd cwse of a vlotrul inist Ml tint 
lift ami hill • »n flit' right, nn.1 Hit* lends aH obsatWsrw 
the belief tbnt equilibrium could !#■ maintained In thi* 
manner 

Pasteur'*- Words in Mankind's Struggle 

\s ifMi of |tn-»-iif nsifiki It limy W well to mm 11 
l*ii-t«-nr*». Word*, spoken In lxvs. Tney were a* follows: 
■•T«o ■i|i|>n.|tii; -•■>-; i to i Is- now In eoulewt, 

Tlio on**, ti law of lilfwMl nod it«a th. o|»diln£ out each 
day new nude* of OfHlriKiloii, forest* the tuitions to be 



alwnyw ready for liattle The other, a law of i*'*""*'' 
work, and bra lib. whins* only nliu I* M dellif r 
from toe pn la faith** which Im«h>i blm. Thr n#ic "'^ 
violent ewnqucant: tlir other Ike relief of mankind. "'* 
"<ir a single life above all victories: the «»< hl -' r 

wicrlllrwi hundreds uf ibiKtsnud* of IItth to ihr aro>»* r 
of a «Uurlr IimUvMvhI. Thr Utt- of wlilrn n# (nieD ,,r 
KftMcv) «rr th»» l«»iiuiiu«t« jetrl»r«. rwi llin-m-'li 
•-nrnattv. •« "irr ibr VrOMMb M lb** Inw «ir W** 
Tmitiuwit h> "tir aufUrptlr- bm iImmU nay |H#wr*-e ' 
llvra of tlioiwimli. of soldier* Wlilrb of Huna two I" %x " 
will prrrall. (mm! oiiIj kuoat Hut of IhW wr tuny 1 
iiurr, that MleiWt «IH ubry ilic law of liuumifiirm. ii • 
will alwii.VM labor to mliinsr the fnmtlrr* of Hfp." 



A Home Made Electric Incubator and Brooder 

A Salt*. Simple and Efficient Device for the Home Mechanic 
Hv Charlca H. Haywtud 



For tin> uM-ra^i "luir-k-ynnl" >*lilrk»'ft fanriitr. wlui*«- 
ll'R'k vliloni r:miU llft> fowl*, an iitruhaUir Ut * *ui|ht* 
(tufty. Hut m ttnim Ibr lira i* rxMprratin|d> flokio uu.l 
r*-fu*rn to a. i ii ■ llut >.i>4'liit|iiti i •- . i n... ilutire ju*t 
ut tlo ltim< wh <ii her M-rvicr* a* a hatrbintr nun'lun- arr 
rnrtxt iii itoiruinJ. An rxjMTtrtirt! uf thin kimt •uttnuling 
u\ «*r two auaaafts, <IuriiiK w ln.ii a mnnil tlooytb vury u»r- 
ful Murk dltwiity dimipjabrd in numbers aJai'ott to tht> 
vatiiKbinx poinl, l«d U* llut ouiotlruction of the incubator 
»J»— »*nlii! hrrc. Tbrn- wo* no altrraaurft but to buy 
i-Uifkt'nt ur to liatrh thrra artitkially. hiiJ a* ihe lattor 
novM tbii notro oiMiouffuu'Al U w*w uml*rmki*n. However, 
|]nI incubAtor problem vw not one to be arttled offh»n«l, 
of* tlbr tin* uiiilorwriter*' ml* -t prukihit tlu-\i»*irf tbelamp- 
In uUtl typo iu inmn-il b-uililinc* <if any kind without 
aiKH'ial pcrniHmiKi. niul thin iiermiwitni u JiflkiOt |o 
i.l.tuiii, rxcnil for Ibr hi|slt-| trired iu*rHim«. Havinff no 
drnirr U> hat<*b rhirki-rifc it U gentleman fanner at two to 
tbrvu dollars npiiore, a hiuh-prierd im*ul)>auir wna out of 
tile qiuatloD. Murrovvr, tlwt Invt luutp-ueatcii type* 
r»*piire more or b*fi eomt*nt anptrriiaim, whirb ut not 
ilrstniMr for the umnUmr whoar only uiiporUitiity tolintk 
nflt-r aiieb tliliure U at tlie buginning and end ot the day 
Am tho "artaeii it to any »oeket" clertrieal <I«v>or 
bVm uot rail for special inaiH^tiun ou Ike port of tho fin 
uiuJorwrlU'ra, ft wm doricUxt to build an electric in> 
•'ill m tor. Contrary to tlie ffencrnl imperwuiMi. there i» 
iHitluiac n»y*trriiKi!4 iiuf'iil an iimuhaior- It « moruly a 
bunt gWwi boll with |inivi*.tunfoTvrutilatii>n.heat-flupr<Jy 



affpMMd inaidr, TIm* sihww Wtwiwn the parU of tlw 
frame on rack hIuV waa tken tilled with minoral wool ami 
the frame eo^cffutl with eeflinjc of lh»* muiii kind a» the 
outrttlc, tkua itiakinif a doiiliJo-waUed box with brut* 
iauilatintr mnU'rial in tl»e wall*. The front b of Minilar 
•^JiMtruetion, except that tt In hiacid aa a door and 
provided with a window, thr detaibt of its construction 
lirine quit* aa evident upon inspection of thr picture aa 
a d»Mcriiilion pould jHwtnldy make thrm- Tlie same 
framiruj mnUrlal in «np4»yed with cross piiMM*« inm»rt«d 
in adtlitiun tr, make a frame for the wiiwlow. A alaebt 
raooaa u uhiaded out of the frame to permit the bt1» m * l" 
ICH fl Mi w Ik It and tin- er*UnR w then faiU'-wd down 









C 







|>la H ran of wiring and thermoatat. 



over it, (he rroiaindcr of the door hai inn Im<cu filN«l will" 
iiiineral wool. Tbr giom lit double to prnrnl beat losses- 
At a point about on a hnel with tho lower rdjji' of tl>* * 
window two strip* of the 1 by 2-ineh framing ore attach 
to i»o intwe »(d»** of tbr l»ox to pro>iilr aluliw for the offaf 
tray. This brings the egg's, thermometer and r*<ulu I ~ 
iiut wawnM in plain view. The egg iray ttaelf is mode **f 
' j by 24 in- h ftni'M ami .Vi-twh mexh galvanixrtl wir«» 
nit ling. Tbr bottom tray » olao of the same construe- 
Hon and is made removable for cleaning aa tha now 
anrivala are placed on thU to dry off during Iho BOttBaa of 
tbr hatch , 

The dunenaiims of the box are, keight 17 Incite*, width 
ami depth V2 inches. Tlwwe at* the outside dimension*, 
the inaldr Udog tlw tame Uws tho thicknnsa «tf the walla. 
Through Lack of foresight in planning the front ooaslruo- 
tio ii it wan uecesaary to make 1he egf tray aaimowhn-t- 
stiusUnr than would othdraisc have been possible. An it, 
wt»nda it measures 15 1 • by 16 inches and luM a capacity 
for between wxly and wventy bea »nd forty to flfty- 
duek egjni. This is ample for the amateur who keeps la. 
Minall flock. Tlie temptatkm to make or acquire a largi* 
incubator should bo reaistori a* ft ttuiat Ite borne In mlml 
iliAt-hatehlng is only the first step, and unUsw given care- 
ful attention the mortality In a large Hock of chicks will 
be high. 

It will he apparent that this incubator could have laMfl 
smaller without reducing Its capacity, while a marhino 
to batch fifty eggf ridU for a comparatively uuatl hoi ■ 




Complete inruhator. tloM'd. showing window 
egg tray inside. 



IK || 



»nd tin* maintenance of Use heat at ft ecrlmn I- mi '^nature 

-asj| : r tliau dec. R or higher tlian :<\> dug. K , 

tin- moon s< aught for bring llU deg. V. at the upper surfaei- 
of the tCC«, to correH|wnd M the tem|wratiin< of the br«r- 
l*od>'> Kven lew* *o Ii thnri- any mystery uUmt tlie 
• iii'iriral iiveiilMtor; in fuel, its eimslrurtion and t.|»era- 
Iton are siftipler than tho kurwMc«r-hr»tetl type, 

Tha following d«*rr(ption skouW malile au.votiH mito 
in at all handy with tool* to rradily duplieatr ike eli>«trle 

incubator shown by the pbotogniiriiN, Tl *»% of the 

Hint* rials complete t* nut quite five dollar*. whth< a few 
(•veninipi wilt hiihlec for its construction. Th** ni<M|et 
xhown h> the illtiwlnilions lias dmie tawAoVan u i*rh, so 
tluil for thosr who « itch to duplicate it as il *tands, il- 
dtit« n«ion« are giv< n A- a nwittrr ot fnci. it coild have 
Iwcn ainalk-r and *litl h:iv.- «rv«sl il" pnriM""'" equally 
wvti. This refers more tairiieulariy to its height. 

Mn t«ii.« I pin itiug M inch thick was used, being 

#cn*w».,| in I by 2-inch while pine frnmiiig, al^o Nctva F c«l 
l»sg» ■ li,-r. Hen Rgfj ssgflfJ i in|»*o\ed Mrnplv to ftVsjM hani- 
iinTii«u>, nail* wmild sin cqmillv will though the *crvw» 
iiiudo m K tn>isjcer lrno« Tin- BtfjaV n thn-c-«ided ggnt, 
oj»en ut |fl|s bottmii imd fr«mt. ami n ilb tls frani. plmnly 



Interior and removable bottom. The dUb is for 
water. 





thHalti of benler and thermostat, 
rvmoved to hIi«w conturt ni 



lamp 



Detail of tap connection of thermostat- Oft* tamp 
n- moved to show contact, 

"Hatch" in this eonnw lion is hardly i-orrvct. It sb*Mild 
1st nuudmuiti caisvlty, aa th«rn us always a suhstanlial 
difference l>ct weesi the number of *gK» put into the in- 
• tihator and the number of rhicks that hatch. 

The mechanical detail* of the tflp cortetruction arc quite 
uppurcnt. Th:- lop is doubJr and has the mineral wool 
insulation, nxrept nt the rdgrs. wr-.-n Jt Is *>t a dns-fe 
thifikaeas in unicr to lit flush. It is uot fastened in place 
in order to permit of rotnimd for aocsass to the lamps and 
thermoHlat, though for that matter experience in tho use 
of | be model illustrated showed this to be unneceasar? 
as they cirtitd he reached equally well through tbr largc 
dtsir, while a permanently fastmrd top would ho more 
rflicsimt where heat insulation is eonri<rued. 

So much for (he nws-haniral construction, The electrical 
•ml ia is|iialty xim|i|e. The actual Itea'crs thetuaeltrs 
are nothing more or leas than 10 candle power carlsHi 
filament fncaiidewTUt lampt, of which four an* employed. 
Tlstse ore wired iii two groups, the two lamps in each 
grtKip Iwiiat in series with gajg auotb>e, Im»i1i grouts 
U-iug directly contnulh sj by the thentnwiiit. Their 
umingenirnt with relation to tlie latter will gaj plnin 
„,„,!, refefen * ' ■ 1 tho »rn : / dslpawl >■*■ I NM • 
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-■iti.- *f Ih- attachment socket, which In located centrally 
i» lli*' lop, two wire* are led m tipp<t«it* dir*etiona to thn 
lw» group* of lamp*. 

Tlii.« wire u No. 14 "single braid" or nibWr covtired 
nin* a* used far incandrwreiit lighllngt and wwl* about 
t*i ci riti k f«»»t retail Connection Is mad*> nt one wide 
of tlo Ump, and another piece of wire rmployod for con- 
ncWing the opposite wile* of the tiro lamp*, m ihown 
by the diagram. Thin leavo* opun one connection on 
twh <4 the lw» lamp* twiliMicltus lo the different (wup*. 
Kniiik t)i»t*e r wire is carried to the contact plate of tlir 
thinuoMal. Thn lamp* are mounted is ordinary kt*>l«w 
sockets, costing about twcnly>five eentn each, directly 
t.n (In- inner fa* «f the lop of the ni'-ijItaUir. By ♦•inploy- 
1'iir wbal arc kti»wn a* "hIkii reeeptaelo*" or whip »imilar 
form t4 eount«*unk socket, two lo thrro inches could 
have Iktd aaved in Ihe height of tbu machine. 

All thn wiring and connection* were earned between 
the two face* of (be double ton. and I be distance* are an 



inir tli* conm*-tiott* the remaining »paco was filled willi 
mineral wool and at«led up, boles having previously own 
bored ami connecting wire* earrUd through them for thn 
tlM-mrxtat. rpoti the latter naturally depend* tbo 
flhnaMim of miccen* to bo expected from 
The heat eoatndhn* device consist* of an ether 
lilt It I sheet cupper diaphragm of etjrrugatedseetion mch aa 
t* nJimmt universally employed by inrqhntor manufac- 
turers. To increase it* range and iroMtivroe** two of 
these dinnhragnu are coupled together. The devee 
iswiplctc as shown wan purchased from au Incubator 
parU maker for S1.HI. 

As reeeived it haa a hraM a-ire arm, ordinarily de- 
signed to carry a small disk or damper intended to open 
or eloao the veot in a Ump chimney- Thin damper 
must be discarded and an electrical contact substitute*!, 
i to llw beet material for siwh eontacu, aa an 



inrtulatiitir fllm of oxidv rapidly foraiit on alaioit *\*ry 
utlmr material, adit fii'ii c<mta'M» catimij i\ nly innibUt 

fiKpfTM'tlc**! Wllh t)M< MK-llWtur. 

A rarlun point (o copper, i!ir*ft «ippt-r und silver 
«tmlart» »m tried with poor rraultM, aa tHry waitod 
and fouled quirkly, and were- finally dtwanU^L for 
platiiiMm. wbtrli was abt»ilut*4y rt'luible- 

By tlw aid of an oUI(rirg[ dentist two pu<-r?« of Mluot 
platinum altoui lj' inrh aqiian* wrrv- obtahu^l. anil htm- 
**( tbv intwit Ktldrn^d io iwb of the rout**'!*. Siwc tben 
no (rouble wbalet*? baa }twa «nt|H'riewt.'d ( and 
ro^tilaiion uf the mat*hin*> i« **> n^laUn that one alniwt 
(teta the impmurion that thn the mwmx trr haa "roiw 
dead"' with the mereury ffturd to the liXlilejr. line. Kxccpt 
when the door is opaoed it would not vary *•> much u a 
fraetion of a di«rw for twwily-fotir b«ura. tv«*rdle*+ 
of change in the outbid* temnoratirre. Adjustment k» 
mado by nwiana of a refiilnting arrow on the tlwrmoatat 
which altar* the dutaneo betweeathadixka and the lever, 
the latter to rise from the contact 
Thp machine reaehw the proper t*>n»per»titre 
within two to three boar* of being net, and from that time 
on the lamps never burn continuously, cxecpt for a few 
minntNt after llie door haa been opened. Thry flatih 
off and on Ititermiltently. owe ae»-i«id on. thr»»e to four 
off. with aue-h rofruLarity a* to jpre an eowJlenl 
imitation of a flaahinc li^hthoucr. Thi* arrvea to mtuee 
the roat of oprrntion, u the current la on for lew than 
fifty j>« rent of the litne, wlule wirinir the Lanipe In «iriee 
alw ttf4id« to rortur* the bill In »pll* of I tot It the**' 
faetora, th» eoat of operation if. high na oom pared with 
kerosene, the Idll for running it 2S day* with duek imr» 
hoinjr approximately $3.25 irate 15 ecnts per kilowatt 
hour). 

A alight amount of trouble wan e*T*rienoo«l with tho 
n^ulation a/Urr a few daya. dw to the crude machine 
the thermoatat. Tlu> resrulatiiur aercw was rueh 



* poor III that the vibration of >iurmiindiH|Eotoer-t*eftii*ed 
by a penon walking ni*ar by would ahake it up or down 
with a eum^ptiniling variation tn the temperature. Tim 

* a* Hot tenou*. a< il wav never tniTn than a degree one 
wa> <ir »bt» oth»«r, and usually i>nly a fmetlon, Init it waa 
overcome by tinning tha thread of tho braan serew with 
•oft milder, thua making it a tightor at- Pieees of eloth 
or felt were put iu the bottom tray during the hateh to 
|>ri'veul drafta rwliinr the iw- 

r m <mly a hi.ihJI |iart irf . hii-ken raUng, ai^l 
iiMliftpecuablrt to take <>are uf tha iiew- 
•*> •ruvn aa soon aa they arc alkie to get around. A liroodnr 
21 by '24 iucheA. having ample eapaeity for the maximum 
numlierMf ehink> that tlte tneubaVfreuuld powibly hatch, 
wa* eimsinjr^d for about $1.7.',. A frnine thn «lw 
w** made, eoviTtMl on one wU' with the same eeiliug a* 
the ineulkator, and four "ngn nee|itaelca" er eounler- 
mi iik aia>kvtKaerea%d toil Thcwi wvreconnectodin two 
anripa cron|» with an attaehroelit aocket. no regulating 
deriwheinirneenwy. The apaoe wax Ailed wUh min- 
eral wool and the under aide ceUod. thia making fmir 
arx-keta fautng downward and one upward. Four 5- 
ioen legs of 1 by Muff *rfe then screwed to it at the 
eurncn, and old fctripa of flanii^, woolen mgd and rimilar 
mnterial that enme handy al»ut the bourn were tmrkvd 
along the top edge eompletdy around. With a hole bored 
through the two layers of the toj» fur inanrtion of a 
brooder thi>rn>nnioter, thia •ixnpleted a aimpte and «flfi>t- 
ive bovcr. Four 111 eandle-power earboa filament lamps 
provided tho U*»t It waa anldom neoeaaary to burn 
but two of tbu lani|ie (one aeriea!i to maintain the tem- 
peratum in thm hov*T at 00 deg. F.. and for aeonaiderable 
part of thn eimn the current waa off altogether Only 
two of tbo hatch were lost in the broodur during their 
two weeks rtay in it, and aa they were not up to the 
Mtandard of the other*, it proved qui to aa HiireuMful a« 
the 



New Experiments of M. Eiffel* 

Further Li^ht on Aeroplane Problems 
By A. J. A. IMuunuv 



Kim-ix luiH Ju^t puhlUhed a report on the flmt 
.i.te nt hu. new Aerouantlcnl Uboralory 
at AiHenlL Tlila U»a la much more Lmfiortiint than the 
l>rei|.iiia one, ctvtnff the result j» of tbe e»|e*rlmenU etin- 
ilurted nt the origlna] lulHira1«r> iieur Ilk* Klffel Tnwer. 
It r>MiaLfta, In fact, uf taxi volume*, one of iiImmoI etX) 
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\>ux*<* i*«titiiliili)g expltiiuitliiii* of lite ex|jertn>eiit.'( anil 
llivir Niitllenttotl to various ruvn. the other oom*i(«ltni: 
■tf the curve* «houhig the reituHn of the ex|*erimi'nts. 

It i-* ImiHitMJble to give here u full account nf thla 
w.»rk. we will hike Ihe in-oeral 
lUtn ihh-fl) uliere they eati t 
i.-.ultx khitwti In Ih4> niuf Ror.A reeeijlly |>Mt.)Ulnil 

3J- Klffel still ir*e* the anme kind of apparntiiM *# In 
liU |<nTl»«i-< exi»eriiiient*. lo*4ra(t of a wind tunnel 
similar lo tbat in exhteme at the X. V. U he enta hlx 
rhantH>l In lairtw und ret wren tl»ein place* a lance 
re»«n In which the exKrlineniN lire condiKted. Thin 
iiii'IIknI In ip.ille aeeiirwle : by meii-nrlliit tbe Trlia'tty of 
tlir ii lr hi tbe air rurreut. th»- illffereuce iM-tweeu tbe 
velocity lti a l-tln* h, in** air etirreiit »n* Hie mean 
velndty it ah tmtt found I Id the part where Ibe 
a n* plnci.il I ii'-t to exciist ou the avenue »S» per e»-nt of 
the Hprvd it lie envteat illffereuce found I* 1.1 |»er eetit)- 

Tm.i rjltmlrt^tl <-bminer< an* |»rovMt*l : tbe larger uue 
\n rtin rucH'i> Jrt fi*ei 7 1»K*he*»t hi dlntuM^T. ttiwl the air 
|mk-*» llir.-iwli It ni tit a »>'!>>«ity wlifceh ran reneb Xi 
meter* |* r we-.nd |HV. f.W (• f *v»Hji|. or about T1.5 
mile* |vr bmirk. whIU- tbe t:<her U «tn|y one um-|.t In 
din meter, but lb*- ulr [«*>1dk tliru.jfb It reaebt^ a 
veUnitt of 4i* meter* i«^r aeetiml 1 127 fi*-t per wvomt, 
'•r twirl? f»0 mile* i--r lumt j 

Tlie neluhtitit a | -H l.n ir^I enable tbi- viihiea of the 
^M-HIHentrt $i i lift f..r ao urea «f I -|uare meter at n 
..r l nt*i« r |n-r ^v.,,,1, n (drift utub-r t6r aome 
r.iftitldtiifci. Itu- r-oilkth of tbe wliler <if preHcure acnl 
it..' |.. -Olive er uciciilve procure »li tbe ai-rofoll* t-. In* 



n [uv>*enle(l hla im-iHtiteniciox i-u in-*of<tllH by u m rinln 
curve whleh be enlled n *t«.|ar eutie" Thin curve In 
dranu by pliittlEin tha vah>e* of A ami I list the value* 
of A" ; but eliicrty when A U very until! lubeu the 
iiKidenee la I tint of norma! flight i tbe Hhafie ttt Ibe 
curve wake* it dlftVnlt to compare two dlflercot wlnga. 
In tbe new report M Eiffel kerna tbe general abnK of 
tbe Oime, but maketi It more eatiy to read by plotllug 
K t against r»A* # - Tbu* the difference iK'tneeti the Hba|v 
of the curie for two wlngM iiptiear* more eloeii) 

In addition t.) tblM methiHl, ami ebteRy In order to 

ehlws. one of M. KlftVt'a coirtiieeTa, il Kith, dcrbtod a 
new ijpe of curve, culled I lie "lopirlthottlc polar eutTe." 
which makea It easy to wive nil the uxnal problems 
whlefi tbe neiyiuauliral engineer eanl* luveatiipile 
wb»>n be Intend* to aJler an exMlny niitdilne. 

t*< ft !»• ihe drift and H f the lift on a model when 
the vefca-lty „( Hie wind In 'hi meter*. |« 
Jt* ami ft. ''rtfl uimI lift irti ihe full wale i 
when the y)^-il of tlbe uuieblne U 1 ina-ter p. f » 

Nura* let f be the useful power neces*u 
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1 .iw! -2 Iuk V nukio wllb the ml> at |.«. /f, ■ cm 
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nil. ill .inch'. Ilio l.iliC'liI •■< wlil.li U ami it* l.i.tth U 

V :i' 4- Urt. I - V'131.* >' 

Tl.fli IT H.< rt.|iiir.- iM.lul *m III.- «-ilfi^. nv t^n iwnl 
Il Uy lukli.e Hi.* r.vullAiil .if lliii-c r.mi|Miii.>iitH uf ulilrh 
IIm. illrrrtlubs nn- known uimI tlir Irii^hn nro |>/.^iiir- 
ih.iuil l.i l<«. /'. Ic«. I . mill l..e. (/, mid tbU p.ilul will 
,.-|.nr«-iu ilu- mii. hl.io .Hirtilne V k1ira,Tnnim« djltu; 
;il 1 tn.'l.n ii-r iiwmiiJ wllh it whl i».ner /'. 

Tin- <llr«^l<»i.H .if til.' tlmi. nx»^ Ice I', lint V. »>"! 
lua V Ih'I.ii; «mii>,:ii»i, Hk* |i*<)iiI ntiflird on itw nm U 
.ilvni>» llip w<mi' nlwn /•, V. »i«l 1 itn- wnwliiiil. irhUi 
.-vi-r 1« imnl In llw lli«t i>ln.v 

^V.- Dun Hip '-l.iKurttlniilr r»'li'i »lirw" L-1>in tin ill 
mi' -j. in.- tlnii- Hie lift II . flu- ilrlfl K . tlic w.'lshl «. 
Ihr |niw.T /*. mill Hie *|Hiyl I . 

KurilieriiM'rt'. in ihr rijiufiuD i^i 

Ut. it i.« r •» Int. I . 
r Ih ttl MI'i*:rJliiitiM'li'r* I I i7'i .if ,i ini'lrie li-.r*,- p.iw**r, 
whli-li .MITrn. only ►Hxlill.. fi.™ Ilir Knell»li lioix- 
inwrri iiti.l r l» In m^rr» |«-r -....i,.| If ;•' Im- th» 
I«ivilt In b..r4c-|M.n«.r iin.1 l - tlw h|»«I In kll.-ioi'li-n 

l«T (lllUr. Wl- Shllll IliTf 

/• ;r. /- 

• • 

Ilt.ll 111. -II 

li. ""• +• i:< !■« I ' I I.*. :ir.>. 

Tills moiiL. tnul lij .hiiiisir.i! Hi., wldn ot <xi»MI- 
..ill... wi- <-..r. im- tlir nm.xinl ..f l..,i-«-|i...nr und th.. 
i l.«nr .111-...)-. ' 
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Aral n» there are iiinn.v Hiur.*. Unit are iwlw, attar*, 
rnr example. ».■ "hall not luin. I.. ihaJini an aeroplane 
". Irliliii Ii> llliwramnx*. n>iug >i u Maul of 1 kll<>- 
m.-ler I«T hianr, we .an rliiing,- ucnln tlx' oritrin of the 
■ •» oeilliuilea ami tiae only clip |«rt of llw nli-i which 
■-.luorteut tlw real eatea. 

•nirti we w-t n eury altnllnr l<i il lie .how., here 

»li.-n the wMirtiia nrv viiryliiu from 
lii'iunm**. Hi* laiwer from .» 
III.- « 4 «itl« lietow ..r utaj.e 100 kilometer" aeeurdliilt l» 
lln- itlreetlou of the eoturaaii'lit I . 

These curve, onahlo an etiellx-r wilri. InuMallutely 
it Ktrut many iirnetlcai iirolileuia ; wn aluill « ta-low 
•M'lbi' i'f tbt'lll. 

1. Tlte welcbt and On' .iMeful h.,r'aH".".'r of the inn 
.'him- Ih'Iiis ki-twii. wh.it will he lie- ij^iil mill lln: 
ii i ml.- ..f iMiili nnO 

la* 70 and V - l.OUO <kn> Kin. 41. 

We nil.) Immediately 1 

i - 4.5 dnsrew T - Ml k.pli. 

• ■ its doimw I mi kpii. 

Tin- welitht U'lnz Tim Mloeraitiitt... » ( . wl»h i.i il> 
»f so kilometer, |*t hour. What will Ik' the neeewary 
I'mier? 

We lind r-T,2 hoi-ae-noner mill i - .1 .letiree" <»oe 
r.l. 



sort 




oo stop 



FTG.5 

S. We have V - - Wl bnr*#-l>ower awl we wiah let 
rt'iieh a apod of >*l ktlosDetera per hour. What nrnal 

We and g=,o.Hj MIotramuK^ i - M 4e«n«« l«< 
KlB. 0>. 

1 What U til* «reateat «ueed attainable with a Riven 
ti<nw.|K»er» 

The ,^«alk.n I- - If ! ■ alt..w» (hut K mmt be a. 



V la a (anient to the i 

S. What la Die | 
apewl? (Flit S ) 

Thl* la reached when /• U tangent to the cut.*, . 
«- la maximum. 

IV. The weUbt beliiK fixed, what la the minimum 
li.irao-jaener neeeaeary? 

If we mark tj .in the axlu of (lie iMriUoati* ami ilraw 
a Hue luinillt'l to IIh* uxla of /'. the /' will he minimum 
nrll.il tin' V minpoMait '* drawl "» mnrti im nowdble 
I. iw ii til I lie left. nnau'l>. will lie a taiix*'h< t.. the curiae 4 

7. Wlint la tile KreuilU^t prolieller flirtml F wlilrli ren- 
.I.th HIiIH lawllile, ubell I he wi'lrfit U elreuV (M*. 0. 1 

«V llltle 

f *' 
~ - ll*. It, - It. 



I*.ir ir - lot. R, - o 



r 



FIG. 6 



t with thcnxU in 



Kor (tin... i-j.h- ..r f rh- t.i4, 



oil tlu- nirre will Kf*l«l "ll |l U*w I«rnl^l ti> V. tllid tll^ 

uiliilaiani vulw will >»<> rturl.mt wlirti iIm* immm-l \h u 
tMiiK^'l li« (lit- ^nirrr/ 

I <jrt»w« r»m^r- M. EllTH lm»» iniidt' it uiiiiiIkt 

_ ' It woulil (k- v uHt »- f^«^ to t»c Hit P"«r I* b..r»« pow^-r 

• «V 0»,r| Hi* iw. i *p*-*<tfx t.i wfci. ii r tuiTf r--fi*rri-rt In my 
pn-vJiHii Mt-twU: on *J«»fr l^i.itii-f If It w*rt l-t».'o Into Al- 
<<*H.pt tl»»^i !!,(■ o(n«l«iii i -f I 1 -* p#v.vlk-r U »M thf *«rti« nt 

t.otl* u „ |, nv , uHullff H.' l«* -|K-*||. 

wtin ii w,,,,v« iv. ui-i.niHit i.i fi.n.rviinir it-- tiuiii-ii uih-» ir*. 

• H--t.- w ,. |,.,yf. flir "r^t|tr.il ,il|lttnlr'~ of * 111 it. I »{*>■!•• |fi 

tin .(nil- i,.,„ ( r-.r -if* t'..,Hii4ii . 

• K "Uiai &.t i.. r.ir^-.if. t. Ut:»l If It In r")Trtn-d I,-. «»• fmni 

.mo i-rttit i.t ttfc»i«>r im fint ■n.Mi. it a» *ooii»«iir«Uf u p*. 
--< u Ily ^ ivit /• b miivi.u^ 



f».f t>i.|tt.fliiuiitH in i>ril« tn nio>fIji.ii tlic lliflm-irtv of 
Huiiwliiis Ilw th I.n Hj at lln- wind. Willi.* t»M» miUiMiiis- 
nf u Hmiliir jiI=*im- i^ iH'iirty 




FIG 7 



Ibu v.-U"Htj rliuraiirM fr^.m 4 t" .Tn iiM-ivm wi.m.I In 
thv «u»e ot »4|e»H'ri*«. ryl.n.»..r>i MrtiumllnnJ utrutu mid 
Ulrit;tliV> lM>d*t>M. lln* linnl r««t«UDLH- iMjcttw-ioot di^ri^Mtti 
u'lioti thu *>j w I liHTtwrn*?, In Hi* oiixm; of Kii.icrn** At 
cylliidcr» a IliitJv vbJiw w*iua to rmrhiNl wlim tlv; 
■«pr«l Is almut LI) to 2-i mnrr* iicr wcond, tmt tbU limit 
cbHiiires wKlt lUc diuii-tiidoiiiit of tbt* tinted Ih-tHotx.* in 
Hie enm> «f t*.vUndt-r« It muni he iiMt^l Unit, In 
Aiwry villi l br. T)nir*>totj'v c>xjK>rIinrolx thp n»- 
UiH-rrujcK wlitm ilw length of tt»n cjUnitrr tncmijM>K 

Kreurtllitj; streamline tKHlicft. tin? tluilt ratine of the 
rr^lettiinci' LtH-illcfcojit wan not reuclnil «ltrn (tie sji^od 
whs «i mo^ri, (»*r (MfCvjiid iSO tnllen |wr h«mr). It may 
Im* um&t ih.it niiiac e*p4'r!qipt.t*i show fh^ Inrlutiitri.- of 
n\\n fiirtinn. ttlnen wh«i two bodiL**i hiive lh« *>imi4< 
illjinn>t*r. IIh- tuimc forr and nft MlMprn. »twl differ only 
In (fau IrDcih of tbr r?IJmlrVi.1 pan. th<> funallr-r ttiln 
Inijpth. lln? smaller It* (ho hcml roidnt*Dt»v 

M. Valffiil luLi madr Bomr m?w exieCiimiriits rcpirdlnc 
lb* liiftnriw «f niter*} on Ilw* if*Mai>re of »irwi: la tin' 
time of jiUtx. wli-fM th*f M|**>d dnt« iil*c w*m to !*• **f 
*r«t lmi>ortnnrf. Tbr renUtancp or onblf* at smnll 
"pwl" »•» Iww Hian llw ruNlrtunct. at ni«H ami « 

Kmatl cnWc Hax th* wtno litud rnrtiitaiwe as a plnnn 
win*; but tbti iwb.t/inrc lurr««ivti nltn tbe illomet^r 
nmt for cnblc* of % Inch A would 1k» niKiut 

Ar.rttfoilt— One of ttt* mo»t Important qucsUiooB re- 
liitinii to th»- rvtilituimv of n»TofoiU (b thr j^dMIHy «f 
fflSfloiirj wlifii (Jn.- Jim! *>h1 Hr>o*1 In 
In ilw T«"linli nl It^port f»r W1.M0U H N 




JO 

FIG 8 

»>«o,iidiiI thm tt I* iiMliftVrent t« Inrrvti^ tin* i.r n< 
liH'ivii-r ll,.; hi*-.*. I «if :i mi M |«-| In tlic AniciiMt i K mi<> t 
iniri? llwi r.'e..|lt^ nf c»in|it«r«tlvv M|**rlmtiilH at St. tlyr 
ii nil M. iClflYl n Jjit-jralnrla-ji, i4ii>uliii: (Im< IrillLM iui- «f 
fc'fwil sJw?. M. Ktrfrl (rati-d iscwrnl wliiif» til dfaT*-rv*it 
»["v*tN Ills rmult» flri> ot follows: 

Tbc arrofoil No. Z¥i hah ti-wU*] :i( tl>. 30, .'10. nml III 
ittelrm |f r nwnd. Tbe UM«niirfmr>iit>. «nv t * fiirurr* 
ubU-ti did hi* dllTi-r !►> intjre limn J or 3 iM>r wit. whMi 
tllfr»wi*r<*w Ihi liurnit*>l to rrrnrs id miibntc.. t%m- 
■w^ji»riiily. tlw* nillo Mft t« lirlfi L> tuttrly f-'ii^tniii fur 
(tint Ktm jh* 4 if iM-n'ftiil, With tin- J. r-.f.JI Nrt, :tj. wtiU li 
U vnry -lU'titlv .I-.ul'li- » ni*nf*|, then* n.u. initU^I, «.n tli«- 
i^tiilrnry, mi Irn-rMf-' In i>trk-l.-iM >, 'l'|*c tJH o-t-ilV-ii-iH 
Wi«-t nut ullorH. but ilio (>rtf( iNM.||kifiit wm« dr*rr.*n>*.-d 
nml tin* cflMi-TK-y lDrrwi«-d lit hlsrli »(— Oh for tltc Nnmll 
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». .f«-r.« .r, |„ ....„,j.„,x- will II" 
tt .iiKjInu i.j ( a|M . ...tauil la u..l./ IftYaauaall 
eeaiv.ia.ali J. Uu Hwil. >,anl.>l.:< uo.l ttl.' VrrvLIu 
tlea.1 UiJomf..rY .,< HI. I jr la «ir [„ ^11 IIiit. .a— lli t r; it 
a drop l» H» t.-vi.lau." f... a ,. rtala «»l«e »'■■ 

wlil-l. eat. .J—., .1 .Ilaae'tar ..< t>-^ apb.r*. Ij.r.t 

llnjWaa p..l.l.-1 „, lt ||„l la ,|,|, ^ ,„« ,,n»te( rj ,t,»»l.| 

l,y ,1. atu.a a.,Kr1 



iinulea ,,f IikLI.-ixi-- The revurw ir»wrri'il when 
noil" of li.r"..l. n.v una liirui r lliati 1 1 lUvi"* a» ah"—'" 
li>' tlw ii.i...in|.,iliy|u u tjil.l,., 

•nil- rr.-.u .Utf.-nn..' Iatw.au iheae tw« .n~'. «li<'«— 
how dilNnlt It i« to eenerallxr the reaiitl* oblaiiml "" 
IJlw of nei>.r..ll. 

In .-thee etia-rlmeuK M. nffel lealial aefaTolla »-lil«-l> 
were of >»rvlllf tlll« koi>ae« : hi one eilae the la.t(o»' 
enrve whs not rhiinueil. wlilu- in another the tuj.lrll** 
. lirve m. k..|.t i i.lp.lil in. Thawe te»ta. tncetllee wit ll 
».me on ajaa lnl lyja'a of llileh airof.illa. naade It cli«u»" 
ll»( In tbe ill".- of IbU-k airofolU the r.«(aUnee 
itrnilty tn-allfiial wl.el. the .|..d »»a challltrJ, aul It l~ 
".'meliiiMM taiaall.lu tn L'et. for eertutli nmtlea irf Inel- 
denei'. tn.. .-allM^. of (he lift eoellieU'lit. At tllij rill.'. 
Illeae >-lla.-rlluelll» "."'III to [.tow tint It N latter III II 

'•■< "f aerofoil ».a-tl.«ia f..r u«> on :. )iri.|«ller. to kia-|i 
the inliMle enrve .-.uxtniit rutlier tlmu II. e la.lloan eune. 

l-'rooi ii almlUr aerlit. of ex|K>tli&.'iit>* offl Hie InniW'lli'e 
of aaixrl ralto. M. Eiffel evnelodea tint hy illuillUahlii^ 
the awjieet ratio the lift e«411cleiit» are .leireiuerl unil 
(he drift eoeJtlelcDtj; lire Lnereaaer]. Hot It uuat not Ik- 
•aitaluiled Hut the an me talue ofaaia.i l ratio la the heal 
for nvery ljf|a. of wills; with Hie iierofirfl Xo .11 the 
lieat teateU aa|aK-t rntlo was <l, l.at f.w nnotraer l>|ai of 
<i>aiUT It hna taan foaNl that tNe la'«l aa|aat rati., 
when K r la lean than 0.:i, la R 




6» - 



{ ^ f~^ ~^" 

|ala8J. 4S0 




P«. I* -KaaJatMce of aUeamllaee b«dl«a. 

A, to the I'luli form* of wlnita. It aoetae. that u wine 
In whk'h the trulliiyl «lse U louiter than .lie u».lli,t 
.•alec >« »llchl)y more etta lent ISan u reelaintnliir .lie. In 
Hit" |ort of tlin book M. KlITel ulvea . xia-rlne litiil ilnta 
l> U.ll,. t to more tlmli f.«U different ->l-~ of -lima. 

f.»o .fm' .»> .,/ I>', u c.a M t onlj.1''' WiK-aia"- 1 1»' 
ImiH detol.-il to Ihe exiarlnviila on niialel" eoiil|il.-le 
laiKliliiea la r.-ry imta>Tl«nt. mil nauilta lire itlven for 

i.llL.t.a'ii iv|a- II Ii very illltk-.ill to tfl-e on ' 

them. « all only elv.- n f.-u- lit'ir.-a relalliu! I ' 

ilHillnilloiu. of n^lilla to full Mill.' r 
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Th.' moileb. were »la» tealial with u .lew to n«'. italn 
irul tlmlr stalle e.|llllllirlllni. lumely, to lt«.w If- hi eaae 
,.f a ehaiik-e uf llw1.t..lio', Iher,- n . |ir.aliuaa| n -v.ii|J,. 
l.rliiBimc Mo. nt.-i.tilr,,. ,,. ||, „..nm\ alniii.le. wild tlu- 
exei'i^liKi of tin- Maurice Kuriiiiiu, |., m |,|< j, rt.e riirlitliiu' 
la.ll|ile la very anillll, Ultd the Taliu. whleh wn. |,ot 
i.atial. ail Ihe inaelilnev were fi,uii.I to te >cnl.|e lu thi. 
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Treatment room of an English bottpitnl train. 



rimrmary room of lav comerled ambulance (rain. 



The Care of the Wounded 

A Vast and Complicated System of Which Little is Heard 



III*. I : r - I -I }■- ' ■■) Mil ill- Ill tljr I* ll* •!!-:• r ,■ »r 
• lr-l|-<IS |U*< elfcflllj 'ii. t || II I . I:i t I ' pel'. Irt (||t* 4«n* <>f 

Ma t»nn uh h when "■ « 1 1 1 1 • • ! «ir oHmm-aI** lm»|«eitatei| 
f.»r gpffvtalj «wl Mil* Involve* a ekten»ive ami 

■ uivfull) uiutl/>-it M-rrlci* flint Imh Imh ii- Hot- 

- 'ti_-|il> ^tiMlol 11 .Je\. J..|»-d iiv id,- iiirth»-i|ifl» t.f the 
McUlBUJ mrn. Alttnnnrli Ibr rejiult* of ilw* hi. *l»ru *7* 
Irwil nf ha ml I in« ami rarhic for tlir noiitnlrd nin-4 
i<txv>MM«ril}. to a ureal ritetit, iScpeml ti«ii[uratli-elr nu 
i hi' illfffHiMi l«a»l naiilUlxnti, Hm* work mm belli ir dune 
U In Mrf) panfMp] a taut ltti|iii>i*<m»-til nver Hint of 
iti> > |..n> WMVi owlne l«-<li to e*4|wrl*4iii< £ah»*1 .iml 
• • WMM ot iiiii-r-.i eimt it * In niedlen I awl »nrt;te»l 
kiMim Itilxe 

In Hie ■ . f ii baffle, tic- Hrxl |«riM*ee«lliae I* In 
loeatr Hie hijntod mm un the Ib-SL awl a Ule riittnlN*r 
»f the I »!»• -A«* MBMM «ti Itilfmtllui: pint for tin- u-«r 
••( Hniiinl tfa0M ■•■ Ibe *«firrii fm noniHliHl aflrr n ImltU- 
I'lur ejiitin In r Im t therein irrt'iit murium > mm Id i«- pre 
rrataA ■* '»•* !i -- inuW ■*■>«) Hm- f- < • i Hounded i>inu 

Ml Ihtekel* or nlwrnr*' | .i. • il ll ■ '■! ,i _.n_ »»jn**tt> tilil lii 
hrtkfaw men nlm llllirllf i4lH*rvrlM> rite In aifimy frnau 
m-ttleet Tlir ii ri )•-.»• In itj a l*erruan cavalry captain 
■mmi«| ton Hf*ii|iaNl|K. ninl the mrbuat fad U lh.nl It 
Ht»* WIIIM iii-r U-f-.n- the nmbUlnithni of the i«mnii» 
.iriu>. Tin* . I'M. :it. of the *ar lead* MM author In a 



i ted' to <tatr lliat »wli lUifix tire a I ninl v Itclnti lo-leri lijr 
m tiuil um 1 in id to unci' omtrthtitlmm for ti fnrilwr wit|i- 
l-l.i of them. 

i p r ■ 1 1 ■ i" unrx hate n|miw« Hut wi«imh-ri win* ntv iui- 
nlilr to ri<arh ilti* Ml iMMjtMfltl Hn-niwlvf*. i*r nlm gaa> 
iml \w bhaitflii ihrcf, ofit-ii i>\*<rt Hwlr luwi -^ri'tik'tti la 
rv*i-ti -h. t. . ft Miiitr i.i <>'. In He ii it'll. In nnirr to 
••-«-n|»- fnrilc i uHuuilii ur llw ikinu>*r of t^-lni* riuVIni ur 
ilrlrrti nrrr. IMmb of Hal BSfVMtl wwiwhl rt'iimlii 
IvhiK u*i thr •'(n't wfaaM Ibi 1 hIioI ntniri tlirni, awl tn*a> 
ajHtfl nn* •<fti*n not mill) fouml. i>n|ni |;iII> In n |*fir"a»«-U- 
in.- iv, i i. hi ainL I. 'vi- nil, id i i.hi Kor, nltliwi^li 

ihtrlnae a laMlc tin* -n' 1 uiv xlvi-h mrt> aw Ij* 

|N*.*.|lil*- li> il.- ainlmlniHi' r»ic|w, >••< it mrj imr of tin* 

w.iiinl.*l in riii> ilfUl Ici'lUU rroui iln> rilMtii'l iiimut 
Un- iv -,-111-/11 ixilv j»»«illiU- nfliT tic- flrlnic hu« on -mi I. 
WaT nin a ■. ■> n. hi. M*nnii of ilit< > n- <\ kqdal 
until llM'ii And ?«•( nil mimiihI***! ih.-m oiultl t» In* fotiinl 
awl i*arrlr<l * hriM tW.t ini kUCVfW MRVaWl lM »•< 

. eh t. |. ai> |- -- ,: -I, 

1 ■ ci mIuhiIiI tlir anitiilliiiHf n-i|t* tilnl ll» »M4Mtalit> 
i'\i-rl ihttiiM'tviii to tlit- ntiihr>t tn raffiaat|llliill ilwlr taxk. 
iH'Vi>rtlM>lca« < vrr\ rruluo eouliilu*i «jni4i* wln-n* nouiutiNl 
iiiiiM be overt"* .kill, utni mifurtaiMiHy are orrrioofc«*iL 
'I'llU It provtNl |ii Die liltnl*T of ' lit Inn) n u hi I be re 
IMrtl of (..-Hi- Sinirrli -li'TiUl I-- laanle In lb-Mi of 



NiiinOinr srnln. In ilMcflM, tM>UUiti Ita^tlpm ninl MmIhm 
nr In <HMibi oil. -n- |Im< M-areliliL'bt inilml (MMiHrate ill 
llinm-ic lieiiv) ttbntjim-s; uU>ve all. Mr l« dnni*er >h? 
mi' Ii U-iii* overlnoknl In ll*e nwlemrowlli of wmnllll ml. 

Tlie N||M in Melllnrx fiirlb bin Vtnra> wbieli ^mttw 
till Hm> Ur'tv ultenlloli iim ■ i-mii.t; from a mUiim > Man, 
eoollmiea: 

■ Se.%relilim Imm Mn riflrlrf Iiiuk. iw ban al|VHil> U*en 
nIiowd, III tlli" HiultalloUM of tln> tiunuii ]*»rtv|itlve fir- 
til t > . alMirv all In It nix- of I We eie. iiimI mider ri'ltaln 
Ii' - lll«o nf tilt? ear. 

"Bill lliefe Im ii ullllniC aH^nliint uitb ki*r» -«-ii«**- 
llie i|iBalltleM awl |teree|Hloin« of wblrli nniiktml lin» 
kwiwn Inert to iim* for tlmiiMiiiiiU raf .••t- Hte dox Uh' 
i»m- nf tin- tliv fi>r eluirlhitilr- lAi.rk i- withlnx new. a* 
U nIikwm l>>' tile wHI known tU*s» "t the II i-el^ »ff KL 
llerniml. Even laillci* ibnc* In tb«-lr iilulit Miirrlie^ -d. i 
^"••nl on* be||ib-*K |*t*|ilr or tlrunkiinlN In .4«M*ureH» j, l*i>n 

rruni (lit- I- for 'ii 't i ii i ii v. , i, ,.|.t| tbe IW *4 
«lotf», Mailanlaiav-ibH^H. It of mm b liui>ortnnre. Tin- ibtu N 
rlilef ortfaiiN of wiiMe. ilie m»te iiml wir. •mi'Vbniiriil aio| 
nuiii.lHf itnw ef llic detail for llnillnit tlie woiimleil ; 
||H MVHl for I be irauw* In In tbe IiIvknI of teiot* brewl-, 
awl ean In* devi-lo)**! In oIImtn 1i> Hiiltnble training. A 
di*'» billld enable* II to rne«- nUud nf He- »e»reb»<r>. 
* -\* < 'iilh on ifMi-lilML* llitekel* n bleb tin* iiit-n eiw 





Mn Mir KirhardMon nf thr RrllUfti army and Ian of the faamtim hmindH iK»t lie 
baN (ruined for Krd Oomn work tm Ibe hatlb-llebl. 



v' . i li,.' .i i-. i.i. Mil kmet i> fvi tift>l»< lutroil'i^ it thr -*v li l- i»- | 



View nViwn the CfMtf *f wanl car «r an En»linh nitilar; amhiilanrr Iraln, 
nImiw lag lined berlbi and mln. 

|a t>w *rar»r nf ••b.u Mail I- <* r*afl«t y i«r allk trmiaienl twm, -*H.- ( an.1 nil a*-.^~.Mtrj 
■apfllra. 
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One of the four mw railway annnulanee train* cufmtriac-lcd br the London Jk North WcnUrb Railroad Com pa ay for the transport atWin of wounded wldier* 

la Eajrlaad. 

"Jin- ivhlrW^ *n-n- Kl. I fen, ri.jinliii' IraftV Rittl iln ml f»r :i.-i-ir»l n*.- in ttilrf y v«>ur» 




UfffMM pri»oin-i* in front at the rhurrh of N^iifnioiMk-r*. A wounded Tarrn Mipporled h> hi* romradrt. 
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The fir-tl field drenninK parkel- 

Tliu nVlil dratluc t*rM la rartU-.| 
hi a MtK»l pocket In thf Itnlnji .rf 
<a« cnat On the nutaaa* *f ilia wrap 
l-r orr full «1lr*.iw*» fur um. 

MOtfDil] enter. While than imIuh mi ainnd. Mi 'lulck 
car hinm thr hrcathhiK Of a wuondiil Midler, or * puff 
of wind earrlen to ll the Mcent of WMOM Ui a bmely 
njiot-" 

Tin* advntiUitrH re* nil inn frnan Hie u«e of ainlmUwv 
do*p« bare l*rii ban: known. An far Ino-k n - i 1 ': a 
» « - li*(y to promote their uac wnn formed In tlcrnnmy. 
mtd nlnillar norletlra wwi- founded In Itelirium. 
Henmnrk. France. K:iu*Hiinl. Italy, the Nethertnndn. mid 
Sweden. To notuo dnrev official effort* were miidc In 
Ihewe countrlca to eiirourticc Ihe maintenance of such 
iknca, I nit then*, efforta did m»t ffo much bey nod food 
Hntflwlilll and MCC houlnnliu:*. ln«qne the amhulance- 
itnc. while a iiecvwdty In war. In of do urn* hi peace . 
Tluit K iheae doga can tit* br kept lit *unVlent nunticT 
for real «»• In warfare without a disproportions li- 
mit hi? In labor and nut of iipkc*-p< 

There !* In Cei-many n "Sia-Vety for Oerman Sheet. 
DapV* wlm li In the Inwd amateur brood lnjr aaaochi 
thai In that country. Tbl* a»»ocLatJon wan the find lo 
urce the u»e of |-illce-ilotfN, and atoce the movement 
ft* iHillnMlinnt ha* crown ntronxer, tbc noelety tin* 
cnuntantl* Irwbwed that the rw' Ice-do*- •errlcc ban 
solved the |Mrnbleon of wain ta Inline a breed of don> 
suitable In war for unhu lance-dog*. Anion*, th* twwfa 
1u*riocled for this work were tin.' iliant lined by the tfeiid 
ariuev thonc used by tin* official* of the etnrtoov bonne* 
at the frontier*, thuoe ke|* by fitfenten*. and by tlie 
country |mlh*. Then*' were doc* accustomed to all 
kind* «»f weather, to lone ntnn. mid work In thf "js-n 
In niullns (he came. After t*s|>crlmetitn had beta c ri#-»I 
with thene, the "Ccruinn Society BMC Ainttuliince-P«a>" 
tvmdred to take up ihe w<>rk «t*o and to bnH.il a «iip|d> 
.•f nmlioliinrcdi*>. nn well an It triiln lender* fur these 
ArP In war linn*. Any further *4tfM In tin* unatter 
would itf|«-i'd iitt the iililhulf nialittalned hy tin* \>rtt%*rr 
PUtbiwMieM, 

N[tlumll> in-ltbrr all d>c» nor all breedo of d««c* tM 
IV rill* m|i Ihln pno> are ff»« T*« H^hrrr 




Ideal ificii lion dink w«rn «n 
active nervkv. 

Tbr Menttniwtlo* dl*fe U M»rrr.| «at 
I* nil MMIfiw In MM HrltUk artni nt 
the tieittaiitac "f i-'l"' nenlre. It 
1* ranoe *f nloni1nl«nv. and 1« ««ra 
t-r a eord rr>onil tVt nrek. *>m the 
(IM are n«nrhf<4 In rat«eit letter* the 
we«ree*n name, rfclment. ealctal itim 
ber. n*-i relh|H« 

l»- ml aYltb mi amliulaniv. The uoly nultable onen are 
hanly dug* inured to nil klud« af fX|Mnture. of a bnltd 
4Wpablr itf |irolniiic«*l f*ertl.m (*mi-e«jii4*ntl>. ih*-rr 
uiilj rrnuifn the four breed* fnmi wliUii I bo |MdleiMlii«> 
are i-boaen : tiennan Mhepf>-il»i», the IVnlieriiiniih terrier, 
the Airedale terrier, and tho UnttwelhT. (if tlitHse f<mr 
lireedn the «heep iloir In hy far tlie tnont nunteronn. 

Iti wlndintr tip bin rnraewt n|H*Ral for n good Mipidy 
of hiii li d<np«. tike captain nny«: 

"Xalurally, the doit* imint If completely hare durlnic 
the nonn-h. All oqal|Nnenl, even a collar, xnlitiit onlr 
exjkwe Itwui t«i the dini^r tC Mm* rnuitht anl unable 
to push forward when working their way Ibmiutb ii 
lieary thk'krt. The tlne noumllitfi HitCKentiom tltat atai- 
hulani^dotTK nhcmld Ih> iiiuIpihiI with the Kod Cnjw., 
l)ot t leu routalutiur, refri*»htnir drlnkn. handaRiHi, note- 
iMxikit, tittle helln, or even lantrnin, are more piierllltlaa. 
worthlo**, |f not dauverixin. hi aetual one. The nm 
iMilnnee iSoft ahouhl hare nothlne to do but to find, to 
t lit l an quickly an innttdbl*. hi order tbnt tbc woundml 
thits foond may mmih hare human aid and rare." 

HOW MAST " i Mil I UI'nT lift' PHOVIMtB M'H 

t\ dne1o|ilnic any lntellltmit or prai'lhal *y*t+tn fnr 
bumllliiK the wounded, nn well nn thone lncn|nicluti«l hy 
nlekDona, It In nm*Mtary to know how many pntlentn 
will retiulre Irvnlment. and furtltenuore. f«r what 
period* of time; for notm* will need but a few mlnuten 
ntteotlon on the field, while otliern will rei|iiire lone 
mid careful trrnlmenL II. -w I hem- i|ue*dloiin nre deter 
nalned b told hy Major 1'. A. SyiKoftn, M.H.. R A M i\, to 

the Se|>temlH'r WmIC of Hint I truud r VafiHiinr 

"In prefwiiiix for the treatment -if tlie uuoifle*] 
■HHt luve mane Idea ns to what the likely roqulreuieotn 
nrv to lie. Mfiw many w<ntndi*d are t<i l*e ex|ieeted fr*na 



Tbc emrrirenry rationn packet, 

T*U p*rfcrt hi carrt>«l In a rlctit- 
t-i ru\ prw-krl In thf llnlna nf thf rent, 
aarf U rwBtlj to haml « hen nt*>tk«l. 
Tb* t«ii *"t b> •iimll ami .trju<-t ami 

!!.■ - UP tl'fjr llltl* Mini. 

• neh elijCntfeniefil I Tn lite MliUiHIaled Ibb* «|Ue-4bHl 
MM unniiHWerHble. In a wnne, ef eirtjen*\ It Ik nn 
an»weraMe. And yt* It In iu>m definite n«un- a| 
l>rohahllltlen Unit all the retfiiliitluiin of the army In 
the Held nre hnned. 

"tjtt on take an army dlrlnlou an our unit fur ■tody, 
A dlrlnlou In war i*omprl^en none iKjUuti men. Ktntlx 
Um. hn«ed on all ureal prerloun want, jioint to ivnnLn 
at erase facbv which may be ttunitued up an follow*: 

"Out of tbU iVNNt men only iiIhhjI three flftbn will 
tie actually eintaired with Ihe enemy. The rvmahider. 
employed In varliam nnn tlirlitlim ra|uirltl«<M for the 
moment, bonome for the \ait\x*m* of mK-nlatliifi a nec 
liirlMe quantity. Kay that 10.<KH> men nre tnjcngeil Of 
theHc, 10 |ier cent ma«t be exported to lieeonno canuallle* 
— k cu l.OOa Of tbb* l.Otki. 3l> |»*r cent will hn kllhd. 
Ttiln leave- u«« H00 to deal with. Of thin Hon. 'JO m>r 
cent will ft* aide to malk to what In called the DMaJaaaJ 
4 i.ll«-.tliii; staritin. There, hnvlnx receWed what mrsi 
cat akl they require, they will remain until the end of 
the eiiKaeeuient, and then return for the remainder nf 
I heir required treatment to their iiultH ; 940 are there- 
fore left for admlnnlon to tx»pltal ; Oil per cent (of the 
MMit rU l*e carried In Ihe ambulance wagon*, nlitiiu- 
up; IK per i«it will require lyinirdown nccommodnthifi ; 
ami iter eeiit will l>e unfit lo be moved trcm thf plan- 
where tbey fell. 

"It will readily he HtaV therffun*. that the Army 
Meiltciil Service In the field nl«rta forth with a faWjr 
Fibrewd Idea an to what It may be called upon to fare.' 

IHfferent nyntemn prevull In different r-ounLrtcM. 1ml 
Ihe writer xoen on to ilescrlhe the Mrltb-h orgardxatl-o 
which re|in*HcntM the metbotln followi«d cetM*rnll; : 

"I<el tin ntart with the battalion of Infantry. Km-h 
oim|nin.\ Utn^u .-f two nnchnental *trc4cbeM»ean»rx' 
who, liarlnc lieen traltnM hi ftr«t aid work, carry n 
ntretcher. At the hetrlrinhitt of an action thcae bearer*, 
uniker tbc coaimnnd of the medlrat tillVcer attacbeil la 



Fig 3 



Jafal v Mm 

M <*Awnrrt*f fiapar 

aaal aritceexi on 
IV .pacie* 




■♦ocn etetf*- ; beeij _ 
wafn^ew7 v n ^cpf nptn Arrt 



One of the two p*ckat:en in the 

outfit. 

in.ii TW nrr«w the aa !«•! •Im*. 
whir* (tinier m4 Hm< wnii-riirtNif -i • 
ft U !«• i«* ut*-iiMl 0r»€. "tin" Mira«'f» 

nr*- Banajatj taajraaanl with iwMnn 
Mflnfatta 




I'urket rontaininu held 
drenninjrn included in 
Ihe outfit nf every nol- 
dier. 



Ba>3l nt 
and n* f, 




Opening one of Ihe held drr**lna> cwntnined in the packet. 

Taw ftehi itrMMiiK* n.nuiw.l iw iw ipabaM p*e*'i< have a w«l«rprui>r aajfaMl 
• •«erlaa aiib th*> .■ ic • taaatjkbafl with t-n i.tr aMka tu ru.Vf the paik'-i 
tltfwt niiirh«>) to tW wruppvt a> n «»r»*jr i>in fur ^* when taaAadnc wmiaiU 
lii«M* (he wniM-'f la n louae M*arh«4 «-nM<Ma laixtaf at., vard« |nn« aa4 J \ 

\*t»m whir-. aiHi m pMe> nf MaMfeea n*tm mm- f*«l>l»«l Into ■ |taa and •tll«-lie»t 




The band ape— nbawlna Ihe pad Milched 18 inrben from one 
Ihe baudaice. 



•ltd of 




Applying Ihe irat Arid drennlnr 
lo a wound. 

He' |mh1 I* NpvJInt ««er thf wnand 
ami tW*n tW hamlnitf hi wrnpfN>4 
■rinly ami tti-nlj, ncn»r*1aai t» |bp 
•|tn-ttnii« Klun. and th* end* w 
inrt»l lit the a«-i«tn nan/ Ilia Naf*tjr 




0|>eniair Ihe parket con- 
tain ins the two field 
dresnang;a. 
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battalion, tall in the rear. iiihI an- lucaind iih U»i 
""evlii-wi ufliecr sis*, or. a aubUrr fall*, wounded. First. 
" M Is tit ooce ap|i<ted liy the l*sircr*, iiinl Hie wounded 
■ mm carried tn ttu- shelter of ■ rock, ditch, or trow, 
•-!.h* ( , „t iuiihI. If the wound in particularly serious 
t tw imstbul uaiis-r [utm.tic*. The liiftnr cntio«il, bow 
*-'V«t. 1 M > everywhere lit ouee, mill th« battalion, In open 
"■rilt-r. iimy cover aliu.sit n mil.' <if isamtry." 

In 111)* coinieotlull altcnllini ttoiy lie directed to llrsl- 

'••■I lii-l.l drr~"luit «ml rxcncy | W vi> tlml li. mv 

'•'• in ,,rv Hi u». liy most Kuropeuii iiniil.*. mid line ready 
liixtnul use when a man In wounded, ami will save 

n.Ui-h MlnVrliix. ami many live* that would !«■ sai-rlflis*! 

I' llii- Injured hail (.. uuull Ihe arrival uf a Minima. 

Tin- i.„,-kct« il».sl In the Kngllsh army arc folly lllil»- 

ll:il...| „i„| ,|,..rrlliiHl ill II svaiitianylnc inlH, 

II Hill In' ii-ded (hill tills 
"■"I not directly alMrlml 
"••rvln., which ii, .u takes U|i Its work 

There an- tliri-c l.rUtndc* In a division, aul each of 
u provided with one llcl.l ambulance, constum*' 

" r Hirer an-il , which laay cither work top-ther or 

over Ki'inami,, Kuch secthm In again subdivided 

Into ii i„,. r ,. c ,, v | M n aiitsllvMuii. In action out' limt 
•i«il»ilivl»]„„ i, usually p„,b.»l f„r«onl a* near tin? 

" S|, ""K III safety will in-raill. In order to estaldlxb 

" ''"'wlio- station. 

* r,t *H thin station tint Iwsiror solsli. isliuis, ihiuIiukhI 
n, lh Ntrvlchcrs ami -u|i|s,rt.il l.y ambulantr wnciais. 
" 1url forth t" scun-h for wounri»s|_ In order ti> Harare 
H"l' IH. n-ouuded am mUu.it. and <l«i fur I hi- sake uf 
avoiding < ivcrloptitiii;. 
|«j|ntt*| i 4 , a definite a 
mil uu lb.*, map," 

Krutu tlie resslnirlital aid |*wt>. previously ti.cnHott.sl, 
the bcars-r* collect und convey Uio wi/llitdrd In lhi» 
'Vullcvlloti slatton." where the ambulance* have been 
iiH*eniblcl. by wlilrlt all hw taken to the draMunr sta- 
lli.ii Here tbo wonnibi requiring It are drcMlN] afrwli. 
alkil urciMit minor oiMiratlona prrfarmcd. It will b? 
ftmuil tui'r** that uiany mm require no furthrr tratt- 
mmt rxi'iTit wlmt Uioy cau obtain at U»dr mLmooK ti. 
wiilcli tb<-y arr at wet rMuriml. The i«J>er» are Imded 
lnl«i Uie mubulancOK. or ntlwr roavryanif#, and tak«ii 
tn l Ik- "ill', out uf itbxil Hre. where a full teut dlvMuti 
„f iln» lleli! aoibulaiinr will be fimnd. Tbni, bowexer. 
i» n iuc<.lle null that Ih «m.ilr«l In Wl« <l|i Ihr nnny 
c-l<xi-lv. ami asi It may he mtnlrnl ti. move at any 

m<» I the wnuniUil are not kitit there lonccr Iban 

li«-. .-.««r) Tllere I*, lmweivr, |.lelity <if fucd anil Diwli- 
< al neep».iirl(«. 

Kmin ihb. llel.1 Klutlin the w.nui.le.1 are rapidly trana- 
r. i iiM l,. the iieureRl rallnaiil. iiml Ibi-nee to rartiian 
Ktntli.iMiri h,»|.llaK lie to Ibe I«w Iki^iIUI, armnllni; 
t'» ttio lelgttb of time tbn |dil1iiit milt rt«]illre> trral- 

l t. The number of thrae trannfern will denrai] vli 

tin- .llilmire of llw fr.»t from Hie ban 
( | W r..r lran»pcrlatl4.n ; but II will he 
Ktniil. wrtliie prc«»TO in 
Injuiod to their 



ei'llKilii|t treasure WJ t | 
iwitea reaeh Hie bamv 

'rtifc* writer al»n iit«t*« Hie fiw< that lltii Urttlih army 
lum tuan a "aniillary servlin" umli^r akilled iittleer^, 
whlrll Is exia-etiil !<■ eouiiterart Ibe ravage* of dtveaar 
Ibal ha«- been »> fatal to nn«U. in the laiac TbU »r- 
vle*> will Im-liMle Hie lin«-nlatli>ti «if tbn men nsnlnut 
ty]Hm4tl ami enterk- fever, u im'IImnI that llaa lat'n 
prvn-iil niont I'lTei'llve In IihUii. Ihe *ilitb Afrtean war 



ttnn nl laitleaU. Ibiwe at either eml la'lns for tin- 
vi-ok'liee nf ihe «lii(r. «linv«, .-»<•. In Ihe military trail* 
Ibe wunl ur ln»|4tiil mm have a iiltarniaey ear In tin' 
i»nter- All Ibe enrrlasw were tbunmsbly well rleanol 



Tbe nii.Ji-et of rarlnit for the wi»iniUil bns rabuii the 
miealltm of tbe rfllcler.. ) of the |.rllnltlTe stations i»e 
Diattliialeit as boMriltalu, awl In tnls rnnneetlon an article 
mi "i>|ieo Air Ilon|illnl< In War Time." liy lTof. H.J.n 
Haijiiilby. of ltn< Uiilvi-Txlly of ltlrmiimlaim. iiulillnbeil 
In a rnvlit l»ae .,f Tar /.min t. b. ii*.— t timely nw) 
Tlie |.|ofe— *>r's i:\iDinilnf ll|i i>f faet* ami 
ohHervatloRH that have been well known for yearn, litit 
for *yalie reason aeaernlly Ignored, to As follow*: 

"The u*eflltn««M of hoanllalu la alraoct In Inverse pro- 



xerated nottun of YiHnfort' la Ineonnbitiiil wilb healthy 
MlrruitiidlaH>. lirauirbls of air, low nlia<»jaV<rli; lem 
lkoralare, and dummst*** nre not tbe dl*ense-lMifl Mnir 
ateeui les tbey wi re om-e Mljiasied lo be. while bad rentll. 



detillHiililiii. and retard n-eovery. Kveii lUtoiniew dues 
no barm wra're there b« a Rood rorri'iit fit air." 

further on be nay*: "Why have we been so slow to 
reeottiilae that fn^sli nlr Is tbe best tonlu. the hint antb 
seiwli ? It Ih elieaper. iileasanter. ami llniiHiotedly mi>re 
than drili»," And lie Quote* from the l»f»et 
of etttrceoiKiViieiiil HiMlnss. wbo sni^« In hi* re|iort of 
the iii**lk?ll awl surctenl history of our elvtl war, sneak - 
loir of hrM|iiut ivitiMlruclbm ■ "The ubyi-ct to la: ketit 
In view la to famish shelter without diluliiiiMiiaK Ibnt 
suinily of pure air anil light wbleb Is neeesaary to 
hewilh" 

from thin it i-an be safely Inferred that tbe sufferer* 
In the present war will have fully as irooil a clianee of 
reevjvery In U*o ofaill tent hospital of Hie field, or pos- 
sibly a better one than If treated In on* of the showy 
sirnetnres of wbk'h all erent dtles nre so proud. 

saw Awnri.ANci: haii.way tiwiss. 

I»irt» and Itarborti on tbe aoulh mid ea«l e.«wt» of 
Koaiaml. the KrltlMb wounded soldiers and sailors are 
eoneeyed to hospital basea at rarloos setvxted lulmiil 
plnewi In a number of spwiaily ismKlnieleil anilmlainn 
trains, several of wtiU-h have ls«ea ]irvivkli^l liy oaeb of 
the leadbie Brlllsh rullway .iimi-anles. four of tlies.^ 
new nillway amUilaiKv Inilns have hei-o naistmrtiil 
by the I*a'iilon anil Nifflb Wiwteni llallwtiy Compniiy. 
throe belli*- for Hie War imiro ami for Admiralty, 



whole of Ibe interior flllWail la while em I d s|*- 

i-lal ventilators were tilled la the elereirtoey r<»if« Tbe 
want ears i*ere eonverleil from ojs'li isan-el vims, whii h 
were already pnnlll-ivl with slldlnK <l»'r« " u " ,0 «' J « 
anil emls. Tiiese were relb..l«l, .-i.ier.Hl with llniMfUlll, 
.vr..sl at all aaale-. ami hooks were llle.1 In the eellliWH 
fur Miisivnilliia rut* In two Hers on l«*h aide*, for the 
naval train, nud fuldlni derths, la two Hers limceil to 
tlie sides fur Hie inllllary trains. Tile idmrmaiy car 
In the center of -m il train Is suImIIvUIihI Into treatment 
»«im idinrmaey, oIbit, linen Mloroa, ete. nn.l nttod with 
alt nnvnsury r.ipilremeiili< sueli li* iniilKiiird". "helvi-* 
for druxs. liHillrviw Imli.laiws. mul utensils, llliilnu 
ism nre nlla.-iiisl lo eai-h train, for provtdini; monU, 
eh% for Uic staff aul patleuti. : and Ibe truing are vestl- 
hnli-d tbrvjuubout. 

.-HAksiTi.a or WOI MM,. 
In i-iandderlni; the treatlueut of the w.imiihil In war 
ihe nature of Uic wounds las-rimes a mitlli-r of Uii|nirl- 
aii«.'. The imsleru rlne .lwsits a -nuill bullet at il very 
l>reat iv-Us-lty, awl alttuaich Ibere ma) la. Sisaie slltsht 
variation In the aetiiMi of tbe ballefa imeil l.y different 
nntli^is. as there are dUTerenisjs In size, Khn|H% am! 
\elia-il). >J1I1 at tbe present time nil .lasses of mmlem 
army bullets are supposed to hebave prai-tlcnlly ullke. 
and ofiiiortuiilttw for sludylnit their a.vinsi aisl elTi-el 
have oivnlrnsl In olir war In Oils*, In Hiallh Aflii-a, and 
olber nUeea. 

Ft, an tileae oliaervnltona It appears titut Iwtween the 
ilistalKsss of 3TJQ and 1WO yards Ihe wounds made ale 
uf a Is-lketnitU-e character, even In the ease of iMsnes. 
and luile*. foreltn matters, sin b n« blU of < 




•wrrled Into the wound, there Is sefclon. any Infection, 
and tbe wound hcnls rapidly without trouble. At 
shorter or Ioniser dlstaii.e* the action inT the bullet la 
erratic. Hplioterlni: hones badly, mid frequently turn- 
Inic over ►.. ihat it strikes sluVwa... ior«lib-lii« la.s rnUvl 
wounds. These elTis-U an- al-i liable to be produced 
at any ntnee If the bullet strikes saute object, ami Is 
deflected In Its course-. Another effect produced by 
hlljh veloelly ImUc'ls Is a disruption of Ibe softer 
leaifc, to Ihe laaproHs1,«-i 
that uu .»|il.»tie bullet wn* a«st; Isat tin- exact raioe 
•>( this iKtloii, anil Ibe eiaidllium under which It takes 
isa.v. is not underclood. 

That Ihe wound Bolide l.y the niislem hlcb veloelly 
bullet, isiverist with Its ub-ket yacket. Is Iwoe., ..r l«~l 
asei.tlc, mid Ibnt a larve i».^sirllon of the wounds made 
by tlieln are u-il of a seTtiwis unllllc, anil rflvc lint lilllc 
tnnililc, ha* Ish'II dcnaiaistnitiil by the re"onls of the 
iiaillli-ts meiiHoneil above. 1 is ibU isv*|sh-i the work 
of tlie army ninmm of the i 

„f folnllli.^ 

In Ibe l 



with ( Um-Vloeet Ra»« 

It l« well known Ihat the ultra violet, rays, lb.es> 
".lark rays" or mdlnlil eneriry wbb'h Ite lust beyond the 
violet end of the solar stsrtruio. have tlie Inwer 
KllllnC linHerlii Tlwy lia.e lieeu used alieenoifiilly In 
KtiTillM- wnlcr.and II Is lo lliem Ibal II"' power of sun. 
Utht to kill Berms Is line. The taielerlcldal |srwer of 
I hi' ami 1* relatively small, however, because Ihetat rays, 
which have a Very slwrt wnve-lenelh. are hin,'.dy ab- 
Riir1n-<l I'. 1, Hi* nl»u».|rfiere befolc they reach lis, earth. 

To obtain an Inleiislce effort of tlieao rajs, then fure, 
they nee |>iisJumhI by mi artltV-liil source. The ultra 
violet m.i's front the UM'rerjry lamp are very deadly to 
bacteria- 11ns#-n, iiuloM). lias Us.s] iheiu wflh fireat 
succcw to tirnt siiperorfnl *Uu dbwaacs. eapneUlly 



,,f di-"i-»~ Tl'i'ii Ibe buelerla have InvidveU ibe Inter- 
mil Isvrls i.l ilu- liisiy. since, owlnu l« ibelr short wave 
length- they cai.nul |a>netrale the div|air llasnex. 

ItisH'iitlv . biovi-ief, It occurred lo a Herman physician, 
|.r. K. VrUsllH-rijer, and Ills Jaliaui-se lyjlleajnte. I»r. K. 
ShloJ*- thill tbeae rays Inilfhl Is- em]il<iyiHl. hy Ulenns of 
siiifJihlo apiaimliis, lo disinfect lli.su- ravllies of the 
iKt'lv which have uu external >i|H-nlni;. onpeetiilly the 
inoillli nmi nose. Tlasoe are peenllarly Important, be- 
( .,iusc th*-. an- tbe |srvl l.y wblcli many danccrou.* arenas 
,.iifiT the l.,s)y. All account of their experiment* is 
....ntrltiiiOHl |,, ,| U h«~ lavesiicniora lo W> l-tnjcaaa 
, , ciikr.irl , « n .„d . 

--\A"i' m— «l nanu- "UK Ibe perm* which cause Inllani- 
uu.tl'.n ol tin. luiitv liils-rciilosts. tnfnnlile iKtraly-ds, 
anil. "I KIV <. an. dli'lill* rln. ii room tlie very varliuas 
K .,.,-,o^ vvl.l.-h ,t.i. t -.r hav.. ih.-Sr chief loentlut, In the 

,-uvlly of Hi.- ui.^ilb. -u il„ „...,., ,., |„. l„ii»!Ls. The 

pwMl.UH) ..r kllllur Hi.- j,.riiis In tbose .-.vHh, t||..r.-- 



fisre. Is hiichly Inii-irlant. Tlte more au from lue ih.Iiii 
of vlen of epidemics, since It Is well known that ssime 
|M>n*.^iM uti risserertux from a dlaease tssx-nie tia.-lllu*- 
cuirlers.' while iKhers. IIkiueIi not Ibcmrwlvcs III. nre 
kixm-ii as 'sielaHweiMp.' IZwlMhenlriKer). who carry 
isrrm* from one |*rr*.ni lo another." 

Sloee IrradUtlon from outshle U re.l very elT.s-Hve. 
owlilt; to the law that tlie intensity of Ihe rays am) 
lll-lr sermlcldnl |NrW,-r decriwse in Kutwrtlon us Ihe 
»|iuire "f the distance liier.*..*^ Dr. FrledlsM-«er ami 
llr. StibiJI endeiivorod to construct an apnornlu* which 
nisuld enillde them lo place the souris, ..f the Until 
n ilblu the mouth Itself. 

•We have ap|dbd a s|«fl»l deviis. of i|iuirli lo the 
mercury lamp and bennn >mr ..xnerimcnta with iruineu- 
pie*. placltuT tbla device directly within the mouth. The 
miaalh of ihe itulisw'iair. like every cavity of the body 
which lias mi eTtcrual opetilli*, is tilled with ei.tintlesai 
i.iiiiiIsts of bacteria. We proved that Irradlalion of Ibe 
mouth for only a few minute* xnislhly diminished the 
numbiT ..r Berms. and Hint ufier twenty minutes there 
was pmcikwlly a Mai deslruelU.n of 
Is, llliistralcl l>> an .■v.mrjit. 
were isVUiiasI by nllernatlnii dvMnlnule [.Tloils of 
Itrs.llnll'Hi mid cesoatlMo: 

M linn or emus w ni r .oa« ri.»Tr 

Hcfore Irradiation Ill.msi 

After 10 mlnule*' Irrndistlon «r. 

After ISO niluot**' Irradlalion r. 

After -71 nilnnUs' Irrndbilloii -I 

"Hlinilur e\perlins-nls wen' also umde aflcr .-uomioils 
.tuaullllcs of .IU.lilli.-i l,i nnd .<|,er irenas bad been 
liitrislnivd Into lla. month of iralntsl ld|l>. In tliese 
.use, at,,, the lr.udlalt.,1. |nl.i;v deslroyd lb.- k-.Tins. 



l.ilinenls will. Ho. oncl/lus nro«'«rf.»v. 
Irrndlallon ll»re 



llrfore Ho- 
of |r,U.lll7 




r,.l..iil.i 

. :;i^ 

i 

" 

ti 

whill ..xlent tills 

• nutwitt dlsiHis.^. 



After 1U mlhllt.s.' irrutlhillon. 

After 'J.l ailniltcs* Irniilliiliolt 

After .Hi mlniiW IrniillnliiMi 

After L'l lioiirs" Imnliiitloii . . 
Tlie next sler l» I" iliveslljnile 
melhis! iwu.v l H ' upplloil to ull |hin 
of Ihe monlh cavlly. ests-rlnlly dlplilbetla. A illnscully 
b. fiaind In the elicilinsluiirv that even Ion minute-' 
appllculliHi of the ull m > Inlet Uuht U slilNcleiil to i-ause 
a UiriL" 

Soil Erooion in South Africa 

At n risvnl nfrlraltural aorvlinx in KoutJi Afrl<ii one 
of ihe |irlm'l|uil tuples of e,u, i crsalf.ui was miH emdon, 
a snlijis't which is ,.f Kno. inif In.isitfamy. In the shwfc 
riilstnir districts on account -if the nipldliy with nhlch 
vast Iraiis of lm.il nre liecumlnir |iraclleally sterllu. It 
has Iss'ii Miii.inM(teit that the soil enwbin whtcli h< ffi.lluf 
no In Siriuh Africa is due to Hie tint urn I and Inevitable 
desiccation of the country, hell Hie consensu. „r opinion 
si the meelliik- was that |l wns ill.. In the ilestructlon 
of tile irrsss which iMfurnlly Mints tlie surface sull and 
form* n ri'tciillie iiuism that nhsoiii* iihnlsture slid jin- 
vents the rapid mimlT of rainfall. The destroctl.aa of 
tin- irrnss was ultrlbilted to two aiitses- the ln.lls. Htn 
In.te burtilmr. frtsiuenlly Just ftevloas to tin.- wet so*, 
sisn. aad the innstnnt drlvlnc ..r iiilllc nimut H«' Isillom 
of nntur-il tuillows. Tliere are limnliers of cxiilujili-s of 
Hie drybiK up of vlets. and In en r) i^»- uue inn .vi 

Irllsilc 11 the formation uf a rh.-r nliieli started 

llrst as s m -hilt and sni.lonlly .k-i..|..|.-il lr.|.. ,, 

lnr*er river. 



Digitized by Go 



SCIENTIFIC AMERICAN SUPPLEMENT No. 2029 tMm ti, .«.< 



Some Novel Slow-Speed Motors 

A New Power System Utilizing Different Voltages 



Tub MM t)pe «'f 11 '•• i ■■»■'■ lot which U mu 
ducted h) the t*rrl|kuu Work- la of Iliteri-M frv<1U tbe 
TMi-t ihtit 1i run** iii wtftHl *j»eed>i. nml In ib-urncd for 

■ ■ i .J...: imt imI mbv] RywlMd eA*ci tad 

niM'nr* (iw eery nt-ftil. for ln«ti ^ fur direct drive nf 




Klit. 1. — Oerlihoat motor for variouw speeds, with 
Ita traniiformrr mid coal roller. 



put on |iitni|iM, nml rait thu* lie employed in u irreiit 
uiiiiiImt of plant* In which there In re* paired h very thm 
•>l»ccd with it fitMol rtiav «f rrzultilUm. Klit. 1 

Mmrl the new lyiH- i»f ii*o|or, i<«s-etl**r with IratiKrWmer 
iiimI m*»lnr ittiiiicr. A number of tbe>e niotom were In- 
called In one of ll>r hirer e«*al ml int. In rornnalt whore 

1.1.1 * i i 



ihey *•*!•.»• fi»r pi»ii*n pHM mi direct ilrU»> Tbe uV-lyn 
l- Hint of it »hoel circuit imtii,/ with III* Ntof (f* 
wheel nhn|«r, mi ii» tu "Vercoiiw Irrctnilarltle* In Hm< 
i ininlii^. and turn* Hi* folloulmr cotidhloua: 

Kt*-<-U Flml ., ; Thirl P«*rth. 

Iv* *t. »«<r»f pww<r A& TV. ft 110 

.\iim**-r of iH'trm. Tl II N 24 

H>*olutkm» |k? urinate... 3S iln 82 tin 
Tile WW>1 1m 2.7l*> ft* rt.*MO toll* Mini rrrt|IM-IK7 2-\ 

• yelc>. Mul i. r fttartwl h dOM IflP ftfJMttag I riiii«ft<iiier" 
which urr mounted locotbcr nidi |M>lechau*er>j. Ac- 
rordliic: tn ilu> HprcHftnttliitiN. the luoror*. were require! 
Im dart ut«ni J.?iNr Kilt* aivd have a »iarlln< torque 
equal to Mir normal. Condition* of IcmiMiratiire ami 
iiniiiiHi.-.- hi Mm- mine when* fbe motor* war* In lie 
H -liiili •! Ml 1 1 s 1 1 unfavorable, there bclntt a mean 
tflii|N-ratllff, :r7 <|r-X ''»'lit UIM.I dlimpllcaa **IJ tu sa per 

rait, wci thai the O'lU hud tu be lariprettiudcd several 
time* an | wot or t loo aujitmit dampiiet** 

In dc-dunlui: motor*. fi»r thl* rln*» ol work, the flnu 
idea wat to u*c the lilcb trnalon C OT Wwt «Hr***l> la the 
iiMilnr ItfM'lf, hm further <»n<>t*li-riitl<>iiM •.tii>wo«l Uuii 
Imii h mn**>r* a n«l i ron^f<iTTiit*T% wi nlil U» i*bt>ii|>er I <• 
ImI l>l, nml wi-i I wurk vrltb hus tiMiubftr*. If thv tr*U« 
ri»fUM>t> m-n- in*i •IfulKiH^i f.ir toriv Miirtltiu tmt to taVi 
ilw* nli. Or or Hm< iN.nrr, tin. tuolor*. >*t\ the other tuunl. 
lu mitrk U1--H |aaj tPimluiL In HM |MMM ruakf-up, the 
-4at«>r of t hi- tu. ■ .i tuaa m« mtIm »>f .. i .. m,--. one f»»r 
Jl .M- 1 |s |»-i.-v anl the utlwr i<t :til mimI 72 poh-« 
iiMliut l" the c«Mi«t rw-t loo of thr trmiafi'mifr am] ppftj 

• limi£*-r Im MbH ajMainitaft. I kin ulhmml tin- rhulct- i»f 
ih*- jbaaj »m1i»b». |«j t». t . on ih*> utrfMr lat aajaJi iiwMi^ 
Uaaj of paatofc. thm Hh- uin.hn<^ Bui t*i* iiiiKh" n* l«r 
■•■ in.irn. . ini thr »t.it»r. Hi iMMajdJ ttwt ilu* to 
u*w of rrmipformiT* f..r iln» wbolr |>mrr. lnMc*i| t »f f.n 
Nttnbftl |«if|"w\ wii* ani|<l) mtuli- ta|- bj |hr ablVf *hti 
|il|lh*<| nhiilltiiti nml almi h> lh<> MMHttf of tlu* 

Tlir -t. • |*i ... •. In tbr n*ar In r'l* ftaal ttbi 

•fWM I- taM lit t:c alatot "w* nlnilliiu aja-a] f,. r 21 nr 
Is batoaj 4-*iim|m***i«| of fcrtj ,.|-|»| raaai „( nJU |a>r 
Hm*)-. I'^aaajrafjMM an< ar«9i In |bji iltuumin, Ki«, a afa 
IrrmtlMl- l*-4l»- M*4l. N»»». -|- fk anil It *«i*b n-w n 

froMi Iwt-ajj r»«ar aMM *.f o.lU It || H - motor l» io uork 
im |*.lr*. (be riifi.nt h*aib> art* J.-iih*I hy tb«< *tart 



Ins awHHi to vtttl* Ntm I, 2. mid X while aiwIh I. .'. mid 
i; mv fr»v Ki-f 2\ |*-lf vmrktiijc, thii currDot U now 

t uti I, 3, n. mid 1. 2, II an 1 Abort circuited. 

Tbt> »>»it>tii <*t wlndlnc for 3(1 and 72 pulea la com 
I « «m-i1 of 7- colla, and In [ilaced an near as poaalhlfi hi 
the air cup ao aa to leaven tbe diaperdofi which bj 
irruatrr than wltb the other note art. Cunnectlutia for 
tlieae wlmliu£*i are ahvwn In tbe diagram, and here alx 
trrmloala tire ulau uwil Nira. 14, I0> 10 euane uut at 
tuft -tet of iMrly -1\ odbv. Wtiori? the toftM worka oti 
73 pulea, the *»1tcb fiuta mrrent on Noa. 11, 12, IS. 
while Uh» o4hi>r« arn froe. For working at 90 pol«a, 
II, 12, 1.1 nrv Mttort-rUvullnl, uud enrrifiit eoanoa on 14, 
K\ 10. It will be seen tbnt there la a total of twain- 
tennltiaia no the tnotur. 

ItcL'itnJinr ll»e luir wiiHlhnr of the atiitur, both wind 
initm are hi id nidi l«ri m.<| «wh N>*>teiD eanplora four 
lairx In earh ahil, u-in« u inl*- of n*nipretiaed mica on 
I'licti b|f< tlolf-itfa'ii »lo4- mtv »mn\ In order to Intro 
iliiif tbe latlM' u on in I rolU. Staior lauitnated Iroti U 
Im-IiI. u* uaiul. hetwiM'ii vtfl rlalfM l,ul AN " ■' ,: ''' ■ 
.in low on '1.0 naetrrx u mhiiImI jh-i Iflirr j *.|h*i*1 ihere I- 
tio venllhitloti to he had by (lit* metilk*. ao tliut no all 
holea are provided In ihe ntiitor nm-*- Maxlnniui 
iK'riphery h(*-*iI U al«ml \n\ meter* a wrroiid. Tbe 
-••etlon tie* of the motor. ri«. 5, aaaken the different 
parts clearly Vlafttii The Imnlrtaied rotor Is of the 
io-iwI dc*1ini and Jui- a M|iilrr*>l i*nx>> mIihIIiic. uhIiik 
• oliper bar* laid In *.1ot*t. Tu* enda of bars are 
forced Into a »-f|i|*-r rlinr pre* lonely |»>-r font ted to 
niN-l to | lMa\ t ban l-rti rr«l with «l1n*r «n Ilw mo«t 



-■J 



aiiprovod tnetbiNt, and thlx slic» n xtrotij; mid ver\ 
rellablu iMibttrtM'tlon for die rotor, which arolda all 
•i ecldenla 

('tie of the orifdnal fcainrc* of the th-rllkoti nNlMal 
Ih the UMntutluic of tbe traii»foraner and starter h»x lh 
• ery nntipai-t «hii|>e wltb the tv>lur. a*, will be ohaorveil. 
ami h> (hi- ib-mn there are maly very abort eonnoi'lloii 
nlre*. to rln- tie .lor oilier view a nbovr the tranafornaer 
and the *inriei ax i i«i(n IiohI In tbe oil box. the cover 
U*li«jc mail*' In two imrlf.. i >, . ,\r toVOfj tlie traua 
fMrnn-r, whlh- the whole of I ho motor*4arler it rin 
l«-inled frotu tbe M*eoml Qaaaaf aj ilutt It can i»- midlly 
lifted out. t'otnarctlotia l*etn«^ni *>tarter mid traiin 
former are made hy hliiitlint i*n».t> nnKinie«l on die twi» 
cover*, which are Jolutil ai-roui h< *.inall ro|a,ier «tri|»* 

TU- iio*t'ir-<tarler. Flit 4, U miide up nf thre«» caMt 




I 



I'lC. Interior view ot coutnillrr and *1arler. 



Inm drums «f cocitrutler type, which work together In 
the stine nioveuteiit hy the uae uf cearins at (be tea; , 
aiMl (Ih< bmid wlx*el Ihita turn* all three druuiN at nw» 
one drum eorrr>«poiidH to eiich plui-*- of mrrent. Hid- 
ii void tn it rroR«lnr« mid mnnpctlon*. The Iron rtrnrr* 




Klc> Z. — Hlalora and rotora of the new motor. 



are mounted on •juare nhaft* fnmi which ihey ui>- lu*n 
Iftto4\ »ih| Mfff **rrewei| eopj^r iviulaet pUtnt. Ilieil 
miiiacik for HKfe dniiu ure curried on a wood atrl|». Mai 
the current hr«-ak r*>meH u|*oii aaxllktrjr contact pani- 
trhlcfa aro cany to tvptar*?, while the main |*ecr* nr.- 
umllalurtH*il. 

Tiie wetcbt of the preaeiit tumor, Includinic iMaabj 
ihm plate, but without noarlmc* or nhaft which |>r<**rb; 




Plfi S^Trjmarerae «-ciion of OcrhUn ro4or. 

In Ihiix |« ihe |miiu|i, la about debt totia; Wetsbt «d 
traiiaforuaer ami Htarter oulftt. 2.2 tnjia. 

In the .1r-L'h of the pre**eut iBHilora. It will Im> mvh 
Hut the m-rHioii Worku ha- ot-etied up a new flfM f"f 
llir- application of throi- pha-r tie > lor*, which la qnlle an 
(m|>(ir1ant one. and ir I* thua nbuwn to be puaathlr t» 
i-otoilrtici moti<r*i w tii< h w<<rk ••evimmili'all.v ami wlili 
H*vd varylnc fr»an 1 to Ik mid at the n|uw - 1 with 
u"-«l flywheel effect. HHfe aa U u**»-ded for mining 
l>ii nip nap. 

A New War lo Make Slccl JoiaU 

A hiw material culled "ainiiU«l|iie hit* lM?en Intro 
dtioatt In Kngilauil for making JoJntx In-twi-en lead Hal 
raca*. aral It U mkl to hare baaaj ITlilTj iiuViirted bj 
shipbuilder- In Scothtml anil tbe north raf lviiKlaod. a* 
M hi m*eful In tlanclng mid tbe -ieatiilns »f lewd u«*d k 
ilulnir refrtireTiitliitf chmnla'tx The ayumi ia tint n« 
Hned to a«e> on iron II pli**, Imt la tmi In an nrdlmr 
war M Dltol rarylnc In ton frotu :i kmkm to 0 toajaaj 
l.lka lead lomilnc. It U an MNaYMMi prncea*. M 
■ • ■•.-mi of uilnir an Interna* hv-nl boat the fusbui i- 
effeetrd by Hm> Mfjaaj n f ;!,, ,i_ j,., ,,,, t ^ nnrfii«- 
II la In contact with, fonnlnc an mualrutuatlim Mn»« 
the lend i«f the riant,**- mid the lead idpe. Tile mnterln' 
"-•d 1» Iii the form of n metallic rll-t-.ti of nurj imti 
In IWtttoBPii |*riir*b'ally a |*ure metal, w hb h. «!»-• 
lilnerMI tolattw the mmt*mn raf lend mid i...s i . t- 

ln««t. f>l**m til ti tempernttire i.r |iai ahfffffa l.iWer than 
the actual fn-ioy |M*iid of leud :ii«l hi fo-|ns || ean«- 
the hud *>urfaccM to nm locetlu-r at n Wm-r BBelti-- 
|-lnr thn n that of the bartj of the Uud. Thi* rutuiln-' 
htortlVf Ims «n aaj l i « i m wiw effwt. ami hy Inlcnooo* 
toltrf Maa-aidftrai Iran mltmie Maf tH t' ti «f atolMaaa " , 
.11-lru.i.d Itafa the l*. N |y of ibe lead, which, by maxim 
of the nU irpth-n, bet-itnc* *lno»ii.-r at the junction ilur 
chMiwberw. 




l-ltf. X — Diaitram of Ihe varMHia eomiert ioii» In Ihe tb-rllkoa variable aperw electric motor. 
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New K>p<TimenlM with Liquid Air* 
At the tranporaciirw of liquid «lr ( — is: to — 1*1 

'Vnt. noi.nlliu: t« the pqpjittM nf niysriit MMMlf 
I UlMiai b».>u»' aum< lirtlth- thai. «!«««. ■llarn«" tnuoil 
■JF llqall » I r J * tit-iil In imuitlw, and a Hiiipt llinl 





1' i if. 2, — -A glass fork cooled fay liquid air and 
vxpo«Mf4 <" 'he almwuftivre beeoatea revered -nh 
ice, unoolk on Ihe r k h tit fork, but hru*Ji-hki- oa the 
left, which Kan been clectriiled by rubbing. 

hjjfcft 1,0011 Immersed In the Ihiuld for a sortMeut Hum* 
ran Ik- hroken as eaally a» a window pane. SeTeTthr- 
I . - ■ 1 1 1 ■ 1 ' 1 " ' ' ■ I r 1 1 ■ ■ ' 1 V rerent expertnieiiU that 
Illicitly orgaidxed animal* live in lfcplid air. 

,\ giddtWb txuntersed In liquid air wux lnnl«i»t ly fro*- 
i-ii, loit H revived and swam vigorously a few wtirtalx 
ftftCfl It had btffl miluofd In water <Klg. 1). It showed 
tlti' i-iYVi-t «>f It* ox|a*ririiefi In the Intense ml color of 
* TnavdaUtl from I hh *i«w 




Fir. !• — (ioldfUh GrWBl si a AT by immmiun la 
Uqubd air, quirkl? reautnea ila activity when 
replaced ia water. 




Kir. 3. -Alcohol (toured into liquid air ovrrflnw* 
the veaael aa aa avalanche of anew. 

»h gills, hut It probably siiffernd little pain, for liquid 
air la uard hi n local aiursthcttc In surgery. 

The behavior of rlectfHIed class rods at lite tempera- 
lure cif liquid air Is rery liitenvtUiic 

Fig. 2 show* n gla*» fort wllh Ita right [>roii|i waited 
MiuMithly with Ire, whl)i< tin' left |tnmj! I- oovern| v>tlh 
little tele,***, arranged radially. The left |ir»u^ hml 



been idevirllled by ruldditg It with a piece uf leather, 
and the bribdi-llhe form Of the nailing of he due to 
repnlaAoli of Uie congealing |Mirtb-)e» ut aqueous vapor 
<«tinli>nr«ed fntaii the atmosphere. 



dTv<c 



Fig. 4. — A leaden -bell ringa clearly after 
immeraion in liquid air. 

Ktir •! Illustrate* the freeitlng of af*oahjp( >>y mmus '-f 
liquid air. Wine. Itcer. uud dUMbed liquor* ajaj In- 
Ktantly fn«t. n »,i\ t \ when tha>y are pound Into lb|uld 
air. lint the rrot«iug of alcohol, wukb ocvura ut — U" 
i1e«. Cent., UbemleN ai> miieh brat that the lhiuhl nit 
la thnmit Into vhileot ehullltUut. ami the cviiiroalln-' 
aleobAl nverfloara the Tcaael hh n little aralanrbr a* 
uoow. 

Attsimt nil UuuUU nrt> mrfldllled aud nlaatwt all ttulkN 
nre hanleDrd and Mtlffeiiod by Intiitentton la tfc|atd tttli 
l .11.4 rahber Ml-- become an brittle mm cIiimm. A Imdi-ti 
beil, which produce* no oaoslcal tone at ordinary tetii 

(•ernturoM. lMt a »ciu»« it* hanl a» »-t»-l ntul rtn*< at riviirlr 
UN a l^li auiide of ttdl nwtal <FIk- 



Approximate Mesaurcmmt of Textile Fibers 
By N. A. Cahb 

Til in lu.i*- U liardly Hie |dacv for tUv <U iiiuiuOMlaa 
at tlw Mlaariagl il-*n-.'i». Hmwcvit. It U rradlly raimbli* 
■ »f il«>iiuiiiHihNili*«i, ami tbt> rt'itdi'r wllh u uMtbeniutli-iil 
turn tif ml tut nlll at wine nervelie lb>H line of |ir»Nif. 

TftniiHli If mi Intlitllf MrtM COaaaetltl «f KtraUht 
lMinillvl II war *l*fu«iit> «'f i>rrry iMMirdhle leoBth, each 
flirniviit arrunctil i«rriMMMlli'ularl.v to mid aynimetrli-aM; 

u Klvrn slraiirJit line, lie blra<c-l*tl uloiix Unit line *t*\ 
llM IWw hnlf-aeelea Ihll* imahM***)! Im> |iliiri*il nlth tin- 




tf lvi*it »twU;lit "*•*. a*. *u Bjaaajdjajaaaj «lta iii-i.r««i 

f t , r „n-r outer edajea ailjncetit ; thru. If the elenaeiila ol 

f 0m half-Mt*r1ea Ite H)aiettjulimll) rvarrauced, Ila 

. Hi- element innlrlml at lite ajMftaa] of fbi- ntber 
j k „lf iwrieM uml Hm aajfjl lituuii-t hj the next ribnrte»t of 
the other hiilf ^'i'l**, iiik! rt*t i«i. u new jianilb?l sided 
will I*- |>r>h|iM a ed, eat'li of whut^ eaeiiietits bns a 
length ciuttl to (lie menu Witctn or the Huawnl* of I he 
..rtiflimi aertaa. 

[f tbc ihiHirein Ih* elutiiiretl >*i that the elenieutH are 
stated to vary In leutrlh within prwrlbed limits, then 
for ttii* modified Ibeomu the line of denaoriHi ration aa 
svvlt « H n,lal n-«lt la the -iinse 

If the tiuinlMrr of eleitieniM Ih llmltri]. uy, for exam 
bRbj i§ * tt aaaMaalaali (he result aa^twMli u|*|rruxliiaite: 
uihI If ,,fcc *"ieaamlH, Imtend of having their middle 
,l,itH Oat 'h*» ajlrrii -iralchl line, are nrrniwal -n Dial 
•Hfjlr inl'I' 1 "' patohl fall at ramlom mi • liti.-r ah|g of Hie 
pi veil Ntmlirtit |Im- n illatunee U-n ibitn half the leiunii 
,,f it"* *liorU»»t| rU'MMiil. tltni Hip r*couatrtHieri *erteji 
M lll l*nve> a wultlt uiiprvtlnintely e>|iial to the Baan 
lenlCtl* of the urlglnal eleitarnis; for It will tlWayi be 
•pajaJltM to (httlr the element* wIiimt middle i-.lnt^ fall 
*■ ihr right svltb Mum-. who*e ndildle BaaMl full to the 
Irft In »*"*-h n way. Mte |..n; nltU the »borf, a» t« a«iiirv 




»'Kk y. .l|>Ol|t.»tl»U wf lh« tVt.rnw tit tbr ni'MUnniM.I 

- r t*itllf niM>m In nitnw . fnr Inwaaet, a "poll" nt Mtton 
*w>ra. Tnx pol< rasMlirtlnc ut Mhnmt 2.000 tlWr*. k* ral In 
twn lr.it -■ , r-. ■ nmr tbr mi mi.- wit* clma. 
•h<wra. one half nt tie fx 1 1 • U plarr4 Imi*>.-h tain 
*!•«• a>lite«. 1 and S <Untrrn phtta r»«-r»>. The otln-r 
hnir U pUnnl i.. t tw ***** p|ftt«« 2 mmA 3; I anil *J 
iir* pnwni firmly lotiittr w II la tlir Iffi hanil. aa aJfaaaWa, 
whlMt 3 la B+M Ivwlj with oulj It* Ir-ft h«nd nl«i In 
wotact alth 3 and mtlaa aaalaat th* t*fi thaatlK lu 

rl*ht haail .■ < ■ llfrnl «n mt lu «uabl« lli» . ; .r.i - 

bj bmi Uw Ochtm k t«rk »s4 forth 4>frr UM AWra a liy 
frlftioti. Or the nttfft h mtmj tm iinn,.fl i,*,k nn ,| f«rlb In 
an) nae o( tbe •rri-ril -.iff- t. m Ttiun h stay l« 

moved *«<*■; and furifc \>y .ipplylitf tb* ntc» *f 2 M 
mi etuis of tin. tam, fare ataat •■• airerUx* ,,.t i., 
tiuturb ihu p«r*l»tliam *f thr> nu.r* 




I-mi, 4, TW hal*-» «>l lae "p»ll" »lm«a In Ma. :i ninlelKd 
mada fur MagaaaMjajaajL Tlir halt** an- aaaa*!**! a»iitta 
a atMHMl tmannifuril He* I . I> l» m idja*l^l aaVf * UaW 
Ihr n«--r atai-re* prewnt in.- •mint »»,t«v fr»itn vntt i« fad, 
Whrn mi - '.<••' ■! the tor.- gU** . M , k>M !■ Um> 

ii-rt hand, whtw thr wajaajrhaal ««ni.* u applt'd wif b (»•• 
Huh! unnil. TtiU almple «p4Ua| u«.|ht*| |« r*«itd !<• ap 
prutlaanti' |b* nilidMUM* of |h| MMaaa«H Tl.r wWMl uf 
Ihe •i'H>«i aa arrauDtl la I'la 4 Npn-«*h Hie mmn 
I'naili af cbf flu- r« mls<H Ibr "fla bai^. ' Tb1» Uttte 
•nont "W aaJlBtortrr la |w»«l) llv fur «etl i<*afHimu>d 
• »lt»n nttrrs. ba« to U a<t>h^l. TW rt-oilta art- ari«ratf 
in iw frnriWa af a mllUnirti-r. TW mlmM ¥ d-llBil. 

raaaah; *-arn^i and ligaj i M <ii'ii 



Mnr ii ■-■ 1 1 1 mi it t mI lu ili. lheoM**ii upimiklauitely. llir 
iJi-UTit* uf n|i|inixlmiitloii iW|N'tMHiist mi ihe immtN-r of 
the original element-* uml (lie utiirormliy of their |iM>re- 
aieiilt In la-nut Ii n h»-n arranged In the i»riler of Hull 
mugnltiHle. 

It Ian*, been naeertnlnetl by coupartMMi with the 
1-eMllt* of U> uet-lirnti* in. Hum! <if naaqoitirlng tbe leituth 
of line crovkeal fihera,a iteacrlptUiU of wfak-h lut* ulrondy 
lieeo piibllahed. that If it aerie* of ill-era be arraa«»>d lit 
a manner almllar to lhni a^acrllaaj in Mae Hwiretna. lb*' 
moan letigth "f I ha olaTa can he lueajauraal aaaajaajf. 
mutely. If proper allowitncv ha> made for lb* ' H> latek." 




Phi. S avrtv* ahoaa la I Id iieaaa '' f • Mir 

tr***i»—i*4 and lura»*d nv*e. *W I hi- nakr *t adinplHiy 
la He 1 thi< el.ni^nt* ar» »> •••ort«d thai <a l is 3 ttaj 
mil I) WllhllUt r ■ • r --i - _ The ... r-- of the •»"•»*•■ 

aaajaj <Pla. it . M un>« ih>- «o«» ifnath of da) orirlnai 
clraaentav 

Of iipparenl diortenlug of Ihe Illa-r*, dm- to their ehia 
tu lty. The naelhod la raore ibdlnlie and m«n* ^<>t■^1'• , 
(ban lhat In couitooti it**' by coltiMt expert*. 

MBnufacturinj; CondiliorjM in l'»rrmaaj 

ALTfiotciit Ihe- great inelnl manufactnrlng mtaMl<4i 
menfa of Hermany have luar their esport r eade. Ihey 
are atlll being ojairafed to their limit In turning mtt 
war and railway nuleriul on government ordera, helng 
obliged to work night mid tlay. Many of the««* workN 
hare boa, nearly one third of thHr men to the army , but 
Mpveral nre endeoTorlng in KU|»f.h the deorlenry fay taU 
Ing on men from other IndnairleH that an> KmTerliig 
from dritceiMthiii 

Tlie qnealUm of eaup|i*)lng prlMottor* of war, ea|ap- 
• in My In mine*, has alun (teen rattan), <h |i t- mt Mfa> 
mount ImlNirlanre to malnuln a eon|luui*«l Nii]>|Jy i>f 
Mtl The roal mines In ihe fluhr dlxtrlet inud now 
•*ert-e it much larger area than t*fore, oming to Mu> eea- 
NaMun of the import* ot KnglUfa coal. Many mluea have 
Ul*i about ¥i per eeul of HiHr men b> inobilbaUoa. and 
Ihe supply of In dimlubdied by aUmi «aie half 
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Design of Floats for Hydro- Aeroplanes — II 

tliviiiK' tin* Results of Tank Experiments with Various Models 
By G. B. Miliar. B.A. 
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c ideriug Hi" < r the It !«' » •V*' 1 '" always ju.i 1-1"* the "hump" sp 

ypo 2 u really an rateniudiaU) f.wiu between typo* I resuataner curve. If ill*, ts a good deal .4 
nd 3. The nun i» of reu.taoco show thai type .i is u l.forc this »|m..I u nuchcd. the 




part uf ....i,,-,..!,!, 




Fiq.n. rr« s. (mootL too*) 



KMI 'M«Mlil 
— t m i m » * » t t t * — 



gnml dial the better With Ibcsw living liowi ih« 
«bo*n aw eaaoulial. The lint roodil 
T type 2 ww ran without "uiud-iruafilt" and villi 
iR. Mtr-boUn to the nu*p. Tho rowult *»* th*t a nlm> 
wavo ran up the old'- uf tho m-nbJ, do uii could ipnt to 
the atop, and t)ie*r%«u]iiac ttieiion bold the flout down 
»•> finulv that it w.vct rose at all. The "rn»d-t.u*rd«*' 
throw the water clear of tho Md-*, aad at tho muna time 
d-orive a luyu lift from it. 

The type ;t float, although quite aatufnrtory from u 
h-.it«i*!i«-.i point of view, was found to induce ait ox'Mja- 
Kivo poeitive trimming* iruMiwut at about the "hump" 
Bpecd.whtth would naturally tend to tilt tbo IUiMm at 
flu* up-**, until the tail* of the. II wore Ui tbo v. a tor. 
Thi* vu oimfirmed by u~>U< a [ft an ac tual mafihina uttod 
with «urh floab). T«« obviate thu trouble a arrica o» 

r two | 



, of whii h that ahowo in K*. 17 (tjjw ft; provod 
the mojt wUUt mf'il U will bo noti^l that the nliape 
i»f tho after UTmiiu>t*ori been alter**! from a pointed 
our to «*m- with a vortical Btcru-not't. and ita ohinee 



fks. «. it. to m i . _ 



during which it l» ui Hi- water. Tlu. flat bott.Mn of 
ly|ie 3 has now L.-n replaced by a cambered odd of 
circular section. This is much stronger aud lean liable 
to slain, and the bwa of efrkwiey n negligible. It 
however, imimrlaiit, it iwiag a cnniU«<l lxittom. to 
niak« tlw camber eoutant or ikrrcauuK from Forward to 
aft. A surface in which it in'Ti««a nviot aft will be 
fxln-mcly in.'fllcieut, 

'I'bii »h»iHi of the Uiw hai licen alu^utl slightly to 
increase tli.' liability a'. rinnU aoeltn, and tbe "mud- 
iruards'' have b.*n stmis;liU.ued out aud lilted at their 
Tik* ejids fur Hi.. Kami. rca»m. Although thu tUring bow 
niak.» brf i.tahilit>- in tb« same way an tho onirhanf of 
type 1 Jloat, it must be renumbered tbttt il al-o will 
thruw up Hie wut. r a> "wn an the fore . lulu of the "mud- 
guards" are sitbuiss^cd. As tU. r«tsistali.-e term tends to 
reduce the righting luumcot, the upper wuter-linea should 
be kept reunooably 600. 

Tha r*«oi]ta obluin*«l fMtu 111., sis; models illustrated 
arc shown in Figs. 1* to 27. The model denoted by 92c 
. onsista uf the forcbody uf 92e with tbe middle body 
awl tail of UK* wliil.) n..«t<J U«> diff.M fiism W», in 
liatiug II.. luilloa of the af-jf plane tilliid in. 

The tir.1 point <y illUTe.*. is the ct.tupari.ou of tbe 
euriea of ' lusear rt^e" ailh Ihuae uf ressstanne. The 
lilii iir t... ' i<t a tl>«t diin.it.si th.. v.i-ll. al U.ight of the 
Iksal ala.le the .tatseal puaiusio under full loail. iu angle 
b..inc inaiiiUlniMl tvosUnl. Tbe study of a Large nutnber 
of such enr.. . of ro~ shoos thai uurinally there ia a 
.p.^«i at whu li the rau. of tm. l«.-..ia.» raptd, and Uiis 

* rsf«Y rvs.1 st tbe Mm iius-Uua uC Lbs liuUtutluu of Naval 
.--■■ltii..-l.. t£* litftllutlon of > ^li*.fs sa-J -hiiieulJ>»trt lu fxvl 
land au.l >a» Nurta-Kasl l oan lisiUluttiin <S3 ra«lss~n ami 





at a rather Inter -|hh.I This is parU-uUr., 
ill the c4U*. of model Vie, where the senud 
7 dec. steeper than the firfct, and 
greater dBiavnry than if parallel u. - 
M.,,1,1 Iks I . his. quite a different curve-a l., c 

»leail) n..- ami it will 1st- noticed that the r.»i«aao 
'■iirve has two hiiiii|>s, the »ion'e (jetwinui liiem iMivirtn^ 
iil M . ill ihe midillc thinl 1/ th.- rise. It was found that 11 
cuty «>.• »h..re a Dual rose evenly and gradually u. 
hump on the n-sisUnre curie flat ami apnwd out. .11 
two I1111111SH with a Imllow in hss f asju. Tb- 
usualli show trueea of a aiKond I 
way down tbo slope. In the caae uf ueiilet t«S it » 
■•ally certain that the second hump is due to the t 
.sf the »»»« acniust tbe «.!<« near the slere |«, 
Fig. IU i. and it will he noticed that then, is an em. th 
corn^jMsnding incn-aae of the ptsiltivu ni.sirt.sjkt owing to 
this cause. Wh..|i thi*»- »ule wave* Wvp tho sutii ?h.. 
rssiiNtAfuM. and mom. fit ciirv.a both com.* down. 

Clinguig side waves of ihU type do lu-tlially weir 
ugauist tbe sides of the tail in Use case of the inlor 
Mtt; l«lt only at a much loww speed. They pass nil 
astern nt a spsv.] uf about 9 foot-areondH for the nv.t-1. 
It may be said generally that tbe drop iifpsr the hump 
on the rwiiiuuice curve .bows thai thcra is no longer any 
ajifirveuslsl.. rwsitsuuifMi to tbe float rising in the water, 
frovided that tbe bottom is of a suitable hydrspuis- 
type, it will always give a giwxl lilt even at s|aadl »i<i 
IhiIow the "hump," and such nisistaneo is due either to 
the suction of waves against tbe aulas of tbo float, or to 
suction on tbe bottom caused by an unsuitable thai* 
or an insufficlssiit supply of air to the step or sup.. 
KxTM-rimcnt* with sUfipod models, with and without sir- 
boU*. always show that the model without alr-hulisjrve. 
later, and, .Hinsequunlly, haa a later and btggur "hciio" 

orj the ns.isUnc.1 curve. In tbo doubleeatopped niodils 
air-holca «sjn only fttted to tbe forward itcp. II 
impracticable to lit them to the anal itep oaitig to 
tbe aftt» wwght pocket l*lng ov« it- it is higlity 
|srotinlile that au improvement would result from filtiitt 
them, and that the later "hump" on Ihe cttrta of !H» 
las ...mfwared with trie) 1. due to greater auction aft ol 
tlw s#.>,nd step, its BT.*Wr aoghi deflecting the water 
more downward, and so leaving a bigger vacuum to h* 
filled. 

Any rurtn of float 111 which tbe wavea tend to din- 
to the «d.n re^da "ni.id-gnanU " of some kind to lliroa 
tbe water clear; and, to render them really effective 
tbey sliotlld be uf a fair breadth. With a float, who.! 
side, are vertical, a sharp chine at the junction of th. 
xidea and l.jttoru witliout any projeeting tilane, will I. 
fairly effective. The exrierimenta with diiilble-etxo final . 
sbow.^ tbe d.«irablUly of filtlng "mui»-guar.ls" to th. 
sonoa.1 st<'|» as well as to tho first. The augie of tV.- 
"mud-guanla" should not be too gnat, or they will let" 
a high reei-laoee. On the other hand. Ihetr forward 
ends must Ui well up Ui give safety at small angles, ami 
tbo almost straight ones of model IU0* scorn to be tl.. 



convex downwards, and they 
I in Hsf, which only differed in tfaii 1 
t«r. Tbey then had a much smaller effective angle, and 
gave a smaller lift at all s|..i!j IhiIow th* "bump." hul 
also had a smaller resistance. The float roao very line 
till tbe "hump" speed waa reached. It will be oeen U>al 
111 spite of Ibis the w hole resistance la greatly reduced at 
moderate spec.!*, but the "hump" ia a good deal later 
and of a considerable height, owing to tbe waves tendmr 
to cling to the aides aft uf tbe mound step. On the 
whole, therefore, little ia galiin.1 from this shape sf 
"mudguard." whuu the stability at small angles 1- 
il*«riuu»sl. But in the rase of mmtipk~etep floats, whef- 
the ••inud^iiard*" are .if a n«tricl.Hl b.ugth. It may >• 
useful lo curve them in this way, so as to keep th, " 
forward cuds up with a smaller effective unsrle. 

Aa was nituteioed above, floats with two plan.-, 
snrfn..* isff.r nd vantages in nepo't of tlw thrum.'-' 
nn. menu im.Jv.il. Tbe line joining the st..p« should • 
at iiImjiiI f*H deg. to the m.wn forward tanning surf.i'-< 
and to render the modi] surfiue effwUve it should bs'. 
a greater angle than tbe first. This is shown very cl. iuI 
by the remarkable difference in the mono at dtagranL. f r 

ir, 1 



. is iaenstx .1, ttw ungli. ,4 Ihe k...,i..| ,t, p ,h....U 
This is obviou. fp.m .. 

I of Kig. S. The si. ond step also il.erca - 
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tlie nalnUiKv considerably. All upcrtntvnt* showed 
that where, u <louV.li— elf float at ft planing tpnnl nould 
be made l«. ruu cither on th.. forward planes alone, Uk. 
back pbuw alone, or lioth planes, by slightly altering its 
angle, the smallest resistance wu obtained ohm running 
<w both planes. This i, to be expected, as we have two 
plane, immersed of . Larger aspect ruuo in pbxe of one 
plan., uf ft muftUiir aspect ratio. 

It is nut, of i'ljimc, in any way ft necessity to fit the 
overhanging tail nltown on the tohIcU If desired, lbs. 
second step nifty be »t llu' after end ,,: the float, and the 
upper surfsss. .haped down to .t. so that the 
•mte* In a horizontal edge. 

Then. *ccnis no n-ason to increase the number of 
I'latunir surfaces Lyond two With a (tntar number it 
"ill l». diH1ei.lt to clt\ id> tlu «..rk .quslly between 
-wlule the length of outran*.. *,ll be deenus.Hl, and the 

mud-sruanla" If any. »iU need to be 
"additional step means mo 
reuiuuvH. at low 
lionai dlffleuliica. 

Tlw Itnpnrlallee < 
RTnvlly of the 



the minimum positive Dionwnl o- uura at a low <|wud - 
ftbout 6M ft.^anMuU tor tlw. mod.!, oqiilvawtit to 14 fu- 
socooda for the full-size machine, Hence, the ruaehioo 
ean atari off »t a large angle with a c.>fp<Mera)Mn load on 
the tail-float, and can, therefore, maneuver comfortably 
on the water al very alow speeds, white taking up IU 

noticed thai th* moment diagram* ahow a large negative 
moment at high ijmmhIk. Uul at these apocala a reduction 
of 1 dag to 2 dec. in tho running angle will chance thi« 
to ft large positive moment, ao that the machine will run 



it termi- quite slendUy at an intermediate ingle. The natural 
running angle ean bo larved by varying the relutlvn 
mber of depths of the points of tho two step*. The positive 
Amber It moment at any speed eon be increased to any desired 
m them. extent by increasing »~i.«„ by (daeing tho flofttt 
and the farther ...r.ard. 



which are already publlahed or in tb" Prvau: Report 
No. TO. November. 1912; Keport No. 98, NnvemlieT. 
1913; Report No. 99, Mareh. 1914. 

APPKND1X. 

AfslAoda AdaptM far J'srting Hydro- Arrvplviu FUaU in 

eAtf ft^ftfcalWlW r^VciiaaV ,V UfwOrwIla! TtlJIst. 

1. jlpjwalus.— Tho apttaratus used for testing the 
floats is shown in Fag. 28. Tho float* an made with a 
Hat upper aurfftesj which is parallel to the f 
pbsiiiog surface, and are screwed on to an i 
carrier, at the lorward end of which it a graduated are L. 
Thf. earrv* Is attached by Uli-bearinga D on a transverse 
horizontal axis to ft vertical frame or gate A and a hori- 
zontal g»<» C. The forward end of the gate C ia attached 
by other boll-hearings to the vertical gate f , and bv a 
at.*l nsi to tha, dy namometer D. The 
r is aupi~.rl.Hl on Itiufe edges on fl»d 
weight* If. W. Tlw. after 
frame A it also siipjMjrtml ou knife odgea, bet the aest- 
ings are not nxod, but are auspended in vortical slides by 
light wires which pass ever ball-bearing pullcya P. P. ■ 
carry w<sghta on I 
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above. The question uf 
attsscUed in Uiree ways: 

X The designer may attempt M design his floats m 
that at aU »P««h tbey th«ll run at any niaeonabla *agl.. 
without Introducing large trimming moments, either 
positive ornegalive. It la doubtful if this ia al all feasible. 



■i He may atumnt to design a float w hich shall run 
.uidily «t nearly the aame angle at all speeds, and .hall 
resist any attempt to make its angle larger or smaller. 

3. lie may, by the judieiu 
duee a inaehine which will a 
gradually eotae down to a 
with or without tbe use of t 
In the author', opinion. 



). lie may, by the judicious use of Use tail float, pru- 
dcj a inaehine which will atari off at a Urge angle- and 
In at high apeeda. 




drtur&ble one to aim at. It is < 
will irut 011 much more quickly if 11 is runnii 
at it* moat offeeliw angln- 

A 11<>ot of type | has a tendency to run at ft largo angle 
»t iiiodcraw. spee-lH and a small ..no at high speeds; 
anal, isllliougl, ut » blgb aiiwd tlw. angle on bo nastily 
inerosv.'"' by the til the elevator, there will be a 
.u.luVii cbnture nionsnnl wb. n the maehino leav.a the 
wats-r. whi.-l, m „ v ran* the tail of the nuv-hine to come 
down tuvd hit the wau*. 

C'on.ll ti'.i. o ^eems to be most easily satisfied by a 
doublo-plau., n.wt approxluiaUng to type U. Mere the 
desisfneir haut a number of variables to deal with. Ho ean 
shift tbe position of the V it. »l rtnt by .hortening or 
bcngUioriing the tail of the loai, and .an alUo- the poaitioo 
.d . ilb..r or l«th ste|». It 



ing his distance from tbe water. Unlaw the Heats are 
stable at small angle* this is very Likely to oaum. the 
machine to turn ft somersault. The same requirement 
hidds for running on rough water if the floats am to 
ride over the waves, and not plough through them.' 

In conclusion', tho author wishes to acknowledge bis 
great indebtedness to Mr. G. A. Baker, at whose sug- 
gestion this paper was written, and in conjunction with 
whom tho whole of the exprunental work was d.*e, 
and to Mr. 1. L. Kent, , " 
to the Advisory 

kind porniisauib to make use of the wipcnme-nal work 
done for them, and to reproduce a number of diagrams 
from the Ofttoial Ji..;...rti 

Tho oonipleto wipeninenUl results will U found in the 
following re|»jTta by Mr. 0. B. Baker and tlie author. 

* tables wrUles una paacr the suLlmr hsa renin ions s rapar 
slvlnat Uh. results ut some tests elth mnteu ut nvlxsl-bou hulls 
tusUV In tfte Wlk sz VTaahtiutuio {"Hydomcehsule Kvpertiaeats 
with tnytng-Hsat nuus." by H. f Itlovanlmo. Ns.sl Cun- 
struetnr. t'nlsttt Mstea Nsry— SsaJtluiH.lau MSes. Oouccueas. 
vol. 03, No. 2. April Moth. 1014). Tbe resells obtained seem to 

be tr, acoerSl Ssrtvuwit sttl. tluaui tier* fl>«TlN<l. trai tbe In- 
lassssuawa Rlvvw If rstber scaety. and Um. sroatcr psrt of tbe sapor 
U devouat u> mlimenjed csxerunenu to awlennsae the air rraiiU 
sere. (Ac tlu. Natkul l^iyss-sl Isroratory thia Is .l.^.r»lned 
imxw elrced/ by lu.wtia << tlo. wbul raansul.) No stuu.pt sss 
asade to mtsvnse tbe trsmutbiR mommu wbro runubic ou Um 



off an vertical scale*. S. S. Tho frame A lias lialanoe- 
WHlglita at the P<p, which are udjiuUlilo In amount, and 
twoshdingwoighUootheupiHtrarnu, and a hurisontally 
sliding weight (not shown on dtagramj t.» balance the 
frame. 0 ia a three-hingtd framo to prevwit lateral 
movement of the float. A stop ean be clamped at any 
point on the arc /., which cngago* with adjustable jaws 
attached to the frame C. These jaws are ojienod just 
enough to allow the float to rock thruugh a small anglo 
(about H deg. each tide ot the mean;. 

Tho method of running is ss fou..w»: Tha aetghu of 
all parts of the apparatus are known, and the forward 
frame H first balance.! atiout A', a weight equal to that of 
tin towing-rod and the proper ahare of the w.aght of c 
bet tut aus|»aiiled fnrtu H. The after frame i. then balanced 
with everything in i>Isjm>, and the fl.sst jun eh^sr uf tb^ 
water and Istlantad alsiitt tlie avis It, u> tlist then, is 
no pnw.urc on tbe itop. In any given run the correi-t 
load "f" is applit.l t«. tlu float by attaching auitahlu 
weights to tho suspending wires, and tbe nelatance t,H, 
la measured by the dynamometer D During the run, 
anil before taking the resistance record, the float ia 
accurately balanced about the pavol pi>tnt B by mean* .*f 
movable weights on it, and a sliding weight on the float- 
carrier, so as to get the atop on tlw. arc ju«.t floating be- 
tween the yaws. From the position of the weight, in 
conjunction with their position when the model ia hal- 
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aiir«| iu uir at tk* km to imiflo we xlrduo,- tb* monn-ul 
{ XI ) of tin* WAl«r ftpT»*a> *Wit til* pivui 

I^-t 5 h* tbr dynonMiEiuutf rooocd (in pound*;. 

W% tin* *«L'bw uf framr F a^tio* At a h«K*i% c. 
a.»t»Vl- A' 

H'i tb#i wftijrltt of franw .4 art-m at » 9, 
U.M>vt> A"- 

*. lit* radi'i* irf A. B for fiwwiird fnitm- P. 

hi tlu* mliiu K H tut after (nmn A. 

A' the load od the wims oArryin^ after lnuf#*-od^<x- 

wi, wi tlie Mimponeata of Lbe weight of C at the 



M(rt.) that of the lead-troop, and « a re 
ihwi for all rtnt«Uno«a wu pII.dk « rtvu; 



* the knMinatiniui of fratmi C to the liurizimtal. 
If' iha Wdijfht «if lUtat. *amt»r, ami Hliduic weigh U 
and \f, 91 tbn mi-DTdinAtra of tiwir twitt-fir irf 
Kravity rriatito to the pivot. 
/*, H tii** vertical aod Iv'riwDti.l <^n|Rm**fib* *>t 
rrartiiMi %4 n'af*ir on ltu*-N, and 1,0, r) th»' 
rix»rdiiiau_f" iif the <**>nUir <if pnyumxu r»Utiv»* 
In lb* 



(II" I II', + !T, - A * - 



;(• 



1 + »,I'IH * 



i) 



I'y - Itr- W j - 0 
lit mir 1... l, u l»i>, mi; ». tiuiU 

I.'. - ir, ? ' o 



11 + .r, - w, y - - 11 

•Fl 

.\l~. ». - », Approximately, mi.l Intllt «.*i.,l ,» «» 



Hit**' orpiulioni 1 It nnil |2: i 

/•- /II + If,* - .Vi - N (,... .> 
It - .S-f />,,- 

Tlie angle ♦ in ohtnirnnl fniai tlu- xertiei.1 height scnl.-, 
-xnd *i from the inmiiiiwi of tltr rc-jil-xwc n-,s,r>l ,,n llie 
drum. Tlu- air resitluiii-c „f llw, ii|.|»ualN* ai ili(T.^.. t tt 
.pe*-,),,.. obtained l>y^|Krilln-n , uiwl iliilii.'li>L 

2. /f^J».Vtoii rf Kr*«lu,- N rn«'l»i>ii i« ituwli- l-ir 

*tirf»i'ii friction in n«Ju.'iiiu f l^*> rr^ulu r..r ni.wUI t.» full- 
•*r* lI'Mll. Tim m.Mlrl* ikn- <id ft i'«im|>uril lively Iatjj.' 
-. ill... wliil.' Ilw j wii *rl«»Jl> .1. miulII tlu,; Hie rnvliiwal 
■-•wftriclit w rftlhir iliinl.tlill M.rtN«il*'r, (In. iitit/iuitt 
irf wi'tlcd nmffttMi Vftriri irn'atly until tlV «pii»l, ofi.t (lit. 
^Imh.iM nrv tMi hiirli fur lit*- leiigth uf llnnl lhmt tbu «kin 
frirtido. n^i«taiu->- u » .-••tn|>«nitivi4>' hicuill [mrt of tin* 
vtrwU-. Tlw fmir involusl in ni«l..'1iii(t tin. i-..ThH iioii 
'1 itiI.v i-f tb» ordiT «\ a U. 4 jut cent., mid ii njwnyii on 

til.' -:lfo niiln. 

Tin- I- int Die .-it-, if tlic r»tii, nl0,l, i - i t |„. n 
f\jll-*te** doAt « 

il R wv f.»i»« .□ |H . I. lor ni.«M it a «|x«d .if r f.K.l- 

m— .oil-., aoil .W i» mrauriit „, .i*-Ii-|».iih.U for iimdil 

41 ll... v»n„ .irtvd, tl .rn-.iK.iKlmg f„ 

for tl... fnll-1/o r|i»M at i. -pi^l J,!', 



/' l-ll. . Kk'il', 



A/ »• 
I-' 



«!.„<■»-. 'HIT.*'. 2.:i8l.v- isi »>. 



1 : 



. i- 



l.i r rA»> Ka r . Ar, I* ihn |../«l. ..f l,»lf-luuu:< 
romrtpfinitib^ tucailivrt of (lie iboriiim, Lulii.tn, « 

a lillllllll fflMlil v r.-| «!>■, \( III. II. .11, 1. ii.imiI. 



For ftnaloKoui ^r-mliBton . /lc,/r»V UiDiiKh not 
uuily forimapB I V. b 1 for B III..»od <1 fur BV. 
(tli« oolv lliroo (/roup* in ^)m-h «iun|4tfiil4<i vftiiiw nro 
VnownJ. 

The only (.xi'i'ptioD 1mti\ to all 5tuiLar rc-laltim*. is 
tlinriiim-X ai Uiiium-Xj Tor rad«jl)iorioBi. wImtii 
a frv months fu wnll a* two ynara aro (ivro for Ihn 
IHTtod! of half-rbarurv. thu formula eive« lbe &nct laiiic. 
Of .iiur**, ifry awiiruto rMoilU ^attitut !«• I'sfiwli^l 
frrmi valii«i iilti 2 minutoi, .1 minutf*. (I.lliri nor..iwt. 
ft.'., but the duTorclK-M aro nowhiTr ktmIit thrui what 
fn.m IliU ln- k uf |irori»iu umrt 1^ M|ir.'t>.l. 

Furl AlcohoU 
By A«f. Zlmn mnn an 

'I'm: ITTi'lll iJifll.-ulli«ol iliA^iolu UK l-tliylif lil.N.ln.1 ft* A 
fu.l lire rnlialKifl hy thr roafuninir ti'mm uini hy «..ni.' 
..f y.nir iinilriliiiti*r*. Tin y uro aiiplyitw tl»' »^inl uliiili.il 
ftiml tpirit to wuvul niihfilftniN«, Dor do tboy ciirT<*S'itt it4t«- 
Mw^n a proof anil a liquid trallon when npt«kitur of 
tlhylii' aliHihol, by «lut*b infatu murh irjiiiliMulifiic 
"trtirrtliiu Ih limine up. >Vt tin, ilier*/i*o, ayris- in 
thou 1 ditruminiw upon Uitoul 

1. Ktbylie aloouul. vryDooyin. pare n|nrit. in ol.lairn'il 
l.y fi'mictiUtion of ■areharint' Miki^latMiM, Tliln In itoi.toil 
in thin oiuntry in the marki.t nt prr proi4 icaUi>ii. hot 
di-liviTinJ and invoiwl in the form of lii|uid jrall'ittj, 
aililinr about two-llurdnof the m*i of tli^i proof cnlli.u. 

2. Mi'ttiytK' alrohi.l. Hyluinym, WimmI cjitrit. w ol>- 
tniiied l.y the rvfrartory distillfttioQ of wooii, anil in 
r)ti.>t4Nl ami nold por liquid Kallmi only. 

Wlu'ii Noo, 1 and 2 orn mlxi-d in •••Ttoln prn|nirtions 
ri<qMir.nl by Uie lo4luntriftl Spirit .Vet, wcixhUiii 

:i- Mt'thy lntiil aliMiltuI or niMhy-lali-d spirit. i» ln.-li 
I. n]». •otilat ». inuvli iH'rliquiilirallou 

l lor main objrt-t it an 1 undprntand, ami a« I hm- 
niyM-tf alwayn ailviirati'd, to arrive at a mipply of i-thylw 
nUxihol. prefi'ruMy iiumU' in lliie rimmry fnim nulnutin'mi 
tlml *rr atWHyn wuh iu. but if. at 1 Sil jm r i/ftllon thin in 



To make thin .'l.ar I point out that the i|it»'H>ti.-. .rf 

. tllylo- I^.Ui I f r.HTii - 

I lull of n.HNl WMtc or Hftwdiut \i :tlUt.» proof vnJIn 
1 loll .V nuiliiiiniTi - r rN per I'i'Ul. muenr in IHHIal |.r.n.f ir-ill>i 
1 ton of pure »l«rrh !• TTi |<ri»»f ir»ll.. 
Tin ri4miio -lit i4 thew. proilll. tn is. 
W**t4- *ood lllnnut l-i« prr loo. 
M.ilnm*.! aUiiil liiV |ht I'm. 
I'iiw nwn h ftlniut i" Ul» lo CS ]iee l.m 
lu worlumr «oo<l you obuiu »alualil<- hy-proiliK I. 
Riiffi'K-nt to pay for the nrorkinu. while live Ir.wlm.iit 
of Htiun.li ih the moriMiKpiinnive iitooom, 

A nimpfV rateijljiuon wnll thn^n sbow that, injasxlerini; 
tlie rnaaufaeturilur ei|Ktiae. the proof eaUin pi elbyllr- 
akmbol eiuinot Ih> iinnlure.) at lew I ban It pw priNif 
Hollon, or almut 1» (M i» In M (Mt hquul gallon, anil Ihe 
ciethyUtcl nrnrit would not eoat mueh leiei than l i* |kt 
liqitid eulh'U. , 
Trine an' ih.. only pnu (»*l ll^iir,'* whi.-h >h,>iil<l eom- 
ution, and they ore. i 



li'iiila nnkirur mi iudu%try |»nnble. 

C.oiMi.li'riiuE the ram nmlerlaln. I wooUl nii-iilmn that 
wood wonU> wo have, alwayn with un in thin oouutry. au.l 
minkient in ordinary' limw to produee aleuit :t,««l,l«ll> 
HqnM (t>ll< uw of • thylle alinjbol |» r annum. » hih- tnolanj. j. 
anil rrrroli. we ham ti> import, and we eiuinot deprmt 
upon llieni in rone of war, when mere imjieeially ull 
.-•rial!, u ill lK.rmpiir.nl for fo**l punmiNii. 

Ir. eumld.-riiu; lln- iidu*- nf «l.'..|u.l ill ininh'rn warfnri' 
I rrmiiut you that the Japanese- oould never hav i' earrt.'.l 
ou their war with Ku^ia if it had not bm'ti for the sup|ilv 
o< Kumiau npirit whieh lliey larKely aeeiinilllftled hefon- 
*ii^'larinn; mar on tlml e.iuutry. and whieh, durintr tin- 
I'lren- . ...f thm uir. 1 1i-: .v w. r* e.,ii-litn(Iy iinteirlinir 



I'.ei.sN ./ HkII . ni.nK. 
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from Itamhurr and Liverpool. Thin in unly to -hew 
what an iiniMirtant role the Hilppfy of aleohol |,lie> , 
nowadays, in tlip- modem roqnirementB of a country. IhiiL 
for fool and dcfoiuiva purpoata. — TA« Ont/» Trftirrasw. 



light in Cw-Chju-ned ] 

It bun Inx-ji nlmwn hy exi»'rlnielil llnil ttluli .^lulle 
IHivrer eleelriV him|i- urn dilli^er.rtjis III mniiun. where tbe 
:itr*,iiM|ibeie b, eluirg«*l with liiflaiiiionMe km. for It the 
bulb In broken an piplnnlau L> uluoiit certabu U> occur. 
Tungsten lamin linilled the itnn in 25 to 65 per eesil of 
the tenln. Tlie * e»tiille-|«iwt-r '."JteVvll carbon Inesi, 
•le«i'eii| Unite iKiweter, onilm*! only ohp Ignition it 
iwenly levt>, ^inl this. won. a towt uunln by brcakllii: liv 
ti[i fnilu the l.ilJh lllnl nllowln^ tile laneoan mlntnre : 
n.ler in a nisnitl ntrvniu vilib-h did imt break the hli 

I il. Tor nil.lili-ilMl wlfelv. It In nn.'ooiuiendVMl tle.l 

ulriiu for eU.iiio uhete him |» ahnulil U 

lu-«:lllisl Ii, In^i |l|. dull-. If nwltrnea nre llsnl 

HlLere ^lin In llnt.lt* l.i lie pri-%eut, the switch Ikiiin 
nhoill.l be umile unill'.'bt. -\n nil aihltlloual nafeinuir.1 
Ihe limimle^L'el.l Iwillhn limy lime hrsiyy giHift? nuter 



Wt wish la oill attenllnn (n Ih* tact that w» ar» I. . 
noslUooi to rvwler c jnpelcnt services In arary braarh 
of potent or trademark work. Our staff In cotaposed 
of tueebaukul. eiretrk'al iind elmnkwl experts, thur 
vutthly trained to premre and prosecute all nateui >i> 

subject matter Involveil. or of the specLsllwd, twhnleal. 
or selentllle ktiowledcc rniuircd therefor. 

We also bare associatca thruiurhout the world, who 
nxibit in the pMsecullvu of latent and trade- matt ip 
|.lleiiil,.u» llle.l It, all iinmrrlea f.srel«i> to the (tulteil 
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Part of lh» Arrow Kot-k IHm, »*vn from dowa-alream A aharp bend of lit*- river bank roaceala tho right-hand rnd. 




Th* Arrow Kork lrnr.«iiun Dan. V pn™« face, arwwiaf tannrl (or the rlvrr durins n>nauutiina. alao f«l«< thai r«f atou i»» 

to Ml (•»! kith and 1,»6« fart loaf at th* Up. 

TEE ARKOW ROCK DAM. — [Sm pafa 3tC. 
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Electric Furnaces for Heating Steel — I" 

Facts and Figures Relating to New and Valuable Methods 



Thk field of uasfulnes* of tbe electric furnace fur 
metallurgical -r; . ■ i is *o '. t - n ii \ i lliat It i* \- < ■<■ •■ 
advisable to limit the wn»p* of this paper to a discussion 
.,[ ><|> .••ric tiiTuwv* ■-■>>. fur 'i. | Bag rtad f .r 1 1 - nriaiN 
kind* of heat treatment, forging ami canmeilrig. A 
broad view of the devriupment »4 electric furnace* by the 
wnt»T and hi* awnal»* during the post year, together 
wiili details of di-»ign. e«ii*t ruction and operation, *■< 




Fig. 1. -Herpealiac resistor for moderate! > large 
furnace*. 

determined by Hutu are preacatrd herein. Tin* «*wenu*] 
da in iHily ore given u* it is bcticTed that extensive de* 
toil* arc likely to load to ounfusion. 

Prate to 1013 attempt* were mad* to put forth furnace* 
fur nietalltirgvel purposx*. but except for tlie vrry auudJ 
furnaces, thew nan out be considered as having had com- 
naeraial success. The feel* which form the b**»a of thi* 
pap** occurred un.li r the ** n i*-r oliarrrktuiD and arc 
practically exclusively gathered from bia experience of 
the paat year. 

Lt> rvitMOfi i.f industrial praelieo and certain other 
limitations, both fuel and electric furnace* can In- 
divided into t»o cuvsmc*: 

I— r\irtue-»* operating above I^JflO deg. Fabr. Forge 
furnace* are the main and most important division of 
tlu* ulaa*. 

II— FuniHrrw operating Iwlow I.SIM) deg. Fabr. Thi* 
chk»» txiaipriM-s. furnaces fur practically all boat trailing 
aa well aa enameling. Although furna«x« operating at 
the loaer trmpwalure will I* cotx*id**od first it muat 
be homv in mind that tbo gnaU-r jHirt of the principle 
and tboory underlying the cxum traction and operation 
of irutderale and low iemp»*aluro turnae**) also applies 
to the biglw* temperature furnaces. 

TMANDn.KBNCt OW *1*AT FBOM HRAT1.N0 MMlIKU t>- 

The metal resting un the hrarth of ihe furnine MMlfW 
its beat in severe! . i T - i »a>*: U) From the briei- 
work ill the furuorvt mi eon tact uith the metal: (2) b> 
conduction from the pnnlut'ts of combuatiuti; (3) by 
radiation fnim lb«« hot walls rimf and iiiewidoveni 
pnrtarJw In th«i burning gaars. G cm-rally speaking, in 
tbt' Im«MMI fumoee*. eoi'h of tbw« paths delivers be*-, 
of tbe same i»rder of inagvilml«, but uaiially th« aioouoi 
of bt*t towMiig by iikahs ijf i i' ■ and nu-Ul in contay-i 
is In** than that by any other path If »uly a small 
portkio of tlie beat poaani iolo tb« twlal by ! r . i ■••►uUv ■ 
with tbe brbtk, llw r»U> of bttatinf in all «ixeept tbiti 
jiui . » i« nnH» nIi.-w . Mi -rt- fri qu'-utly tb.in )•* gi H Daw | 
auppuscd tbia path >•'. ii' .it tranafer w ■ t . . ib'tenmuini: 
factor in llw rate «»f limiting. An exerUent example of 
thia kind was tinmght to tba mTitor's atUsaUun where die 
blocks MR betug b>«ted In Ibis lustanee tin. furiior* 
was bewted to a auOtd*>ciUy bigh temperature mi that th* 
IwAt content of the brick work was sufficient to supply 
the orreesary boat to nuie tbe block* to the dc«irt«l 
tefiiptraUire. Sutuetiaic* tbo fuel was allowed to run 
•pttsingly thrtiughout tbe operation, while at utbrr tinvea 
it was abut (iff entirely after tbe block was placed in the 
furnace 

ATuunriii it* im rraKACEa. 

The atmuepbete of fuel-fired furnace* is exceedingly 
urH^ertalo. Might varialloiih in e*MwtiU>>rw have bee«j 
ftjiind to make mo/kod Tahauniu in results, and u* ih.» 

•AutW* at»u>sci of reeurt uu n«wiJi tttk*l out umiir • 
C'ermul*- F'lluvchlp cnwilr«S t>j ihr Iron sod Slerl In^liuiv of 
4ir>«t lutiuln The oawipku* r»-i»*t uf uo> work mm prmou^ 
■S U*r ApjubsJ M.vtii.s uf tin- l«>lliuU:, XUy 710. 1*1* Thw 
•twwwel tsrtvnuu^l Itvm l In I miasl nj fai*wa»lil unit Lnvtmrnn^ 



By Alcjin Uirscli 

atmcopbero Im capable of a great many variations It i*. 
llw-rufiin 1 . quite difhVult to maintain it at a deflnito com* 
position. With oxidifiiog ■•■mditlonH Um formation of 
-* ah- wciint, while in a rodueing atmosphere local n«r- 
bumation romilu fnjin the sooty flamew. In tlit> prodiie- 
Uon of high-grade steel the eoodiUou of hnarth atmo»> 
pbere vt, of court**, ev*eiHtingly important. 

Tbe elit'tric furnace provided in many respevla Just 
what tbu fu<il furnace lacks; i. e., a mraon for tlwi trans* 
feniw-e of beat in a verj- effwlive uiannor. and a furnace 
atiwi*i»lH're which ie not only of a very desirable eufJipo- 
sition, but which is absolutely detH-ndalJe- This 
atmoepbere is usually of a slicbtly n'dueing nature. 
eaitMil hy the pn^wi' of carbon monoxide, due to th* 

eonibiution uf tim graphite or carbon r r n'hich 

liberates the deetrical energy in Cite form of heat. In 
some fumaeee having irxire than ooo door, or opcrut*tl 
with door* 0|««'ii all Uiu time, the atmosphere may U> 
ntMitral. It b due to tbnse neutral or redu*-inif. wwiditirm*. 
thai the formation of scale in greatly minimized. The 
writer has la mind an eWirie furnace which was operated 
with a Los of acaie amiKinting to eighty or even ninety 
(tcr cent kaa than was ticcaaioned by the employment 
of an iMi-flred furtiwc for the fsvme work. Vot •peeiol 
work whare an oxidixing atmosphere is required, as for 
niitt&nce in enameling, this is cosily accomplished in the 
eter uie furnace by employing a mufti*, the rusistorr 
being placed in any ilt<MnM poutiou on the outside uf 
the muffle. 

au:iTHir ri)H*A<-K* ma TfiUHaaA-rnaKa aatow 1,800 

pko nam 

The industrial eteetrir furnae*-< t4 thin tvp" wbb-b oWI 
ohuioi'd "immcn-ial niK^-nt ha*c . = * l a rcsriMance 
aire or rihlNKi a» tlo- hcuting rinment The limitations 
of Ihmm wire »ir nhhage wound furnaxM?! arc quite marked, 
gcnveally s|icaking. as n*garde both t*m|nramre ami 
cn|M*ciiv An will U- kliown AulM«|uenlly. temperature 
and i*a|)a«'iiy of a fiinimv ore closely interrelated. This 
iitti'rrelalioii of t*-m|M-r*ture and chjiuc.1v, howeter, is 
iu.it uf so iiiui'b riKiM qiH-ii<*i- in llw siiuiU furnaces wh.rti 
the eumbinr-1 anil ami door 1imui>s are ci»nsid<*mhly in 
*<x«e»* of the heat actually utilized in r.u n .: tbe metal 
to tm« dcnlred temperature. The cu|sv-ity of the iDctalltc 
n*>i»tor l* at hum luit a very fi t kilowatt*. Fumacea 



two typos: (11 Those where the metal to be boated is is 
contact with tbe reeislor; {'-i't those where the metal to 
be healed at out of contact with the resistor. 

ffSiniaeea of the first clam have bad but one com- 
mercial example, and that has bad varying suoeoas. Tb*» 
ib the bath furnace* which employ* a conducting bath uf 
salt, usually bariiun chloride and polaasiuin cblorid.-, 
which is used by the postage of tha current through it 
The steel to be healed at immersed in tnia bath of futed 
taJta. Ttiia typ* v of furnace appears to the writ** to U- 




Fig. 3. — Furnaee capable of regulation without a 
transformer — adapted for 10 square feet or over 
hearth area. 

with a lurger capacity- would bo quite out of tbo question 
bccau>c uf tbe coat of the resistance element due to the 
large amount of wire required and the expense of winding. 
The fu/ikaoea are, therefore, limited to production* of 
small sir* and also to rather moderate temperature* a* 
danger of burning out due to overheating is quite immi- 
in m For Miiall furnaoes. however, tbia ty|H* baa proven 
quit* aatisfaetory in a Large quantity of work of an 
experimental nature. 

Furnaces employing uwa-uielaUio resistors comprise 




Fig. 2.— r-khaped restates. 

lew limited for extensive industrial application, and, 
therefore, will be given only thk* brief mention. 

Furnace* of tbo Mcond elaas. those employing non- 
metalUe nttistors, where the metal is heated out of contact 
with tbo resistor, bold forth much jiruauee for fatur* 
development, in tbe opinion of th« writer. Rsnint 
experienoe with llunr ojN.rntiun ha* demonstrated their 
suitability to many kinds of work. In general, furnace* 
of this class appear to the ciwtual olwrvcr, very Mtiuhr 
to the fuel-ured furuae**), aavu for the fact that inMtad 
of eo,uijHnecit for burning fucL, electrical equipment will 
be noted. The electric current is brought to the furnace 
by suitable ca1>b« which are uonneeU'd to electrodes 
projecting from the furnace. Thtse elcetroilos run 
through tbe furnace wall and carry tbe current l.> th» 
resdstar which liberate*, in Uie form of heat, tbe electrical 
energy jkii Into tlie furnace. Tbe resistor is a nrfraetory 
oonducting material, such as graphite, usually in granular 
form, and ha* a cruw-*eetkm of 30 to 100 square iiaiic* 
aoeording to llw current tb«*ired. Tlie rosistor* or* 
usually placed beneath the hearth, the heat from them 
being communicated through the hearth to the metal. 

For the design of a beat-treatioc furnace to operate 
at * hearth leonperature of Usui deg. Fahr . or less, the 

RBatariag data huv It il f ■ : -■■> . u> ■■■ ■ .:,rv f ' - 1 1 ■■ ]■-■ ' ii - 
inary calculation of the mayor polnte of dealgn; 

1— The hearth dfaseneUtos. 

2 — The production of metal per unit of time. 

3— The maximum amount of metal on the hearth nt 
tiny time, 

4— Thn desired temperature. 

5 — Time for charging and diecharging. 

Tbe Dfs* step in I be ibeign is the apiinkxinutuoii U the 
Uication of the resiator, but tbia depends somewhat on 
the physical characteristic* of the material employed for 
tbe resistor. Refiistors ploi*ed in the furnace In granular 
or similar form have been much more extotudvidy em- 
ployed ia tbe Larger furnace than any other kind. 
of graphite and also of other inaterioK metalloids *« 
well as Ihe characlcr»«ttc non-fuctallie maUeial*, ban- 
been tried for use a* rusattora. Although some of these 
will undoubtedly find commercial fields, as yet nothing 
ha* proven saurifactury in thk* direction. Attention, 
therefore, will be ojiiflned U> granular »»r similar material*, 
of which granular graphite has served must satisfaclorily 

For the usual type of eieetric fuxneste work of tin* btaal 
the location of tbe rveUlor fat bogiealty in ibn hassr of the 
hearth. For a small proportion of the furnace*, bowctcr. 
resistors can be placed elsewhere advisedly. Tliw 
poalUous are along Uiu side of the b**rth and pottHibly 
even along Ihe top. Fiirnaeea requiring resistors in 
those Utter locations ore those taking pile* of sheet metal 
or pot* of materials and tlie like. However, with one 
layer of piece*, which rent* directly on the hearth, the 
location of the re*i*lor had best be exclusively in the base. 
Tbe reasons for this are: (I) beat ha* a tendency to 
a«frjd rather than I" d*"«>iid; rJ; tvitttiw-t Uiw.,u he: 
hriek and Uie rut ul to tie hfatcd facilitate* heating; fa] 
tbe design is facilitated aa will be subsequently devdoped. 
When the reaastore are pla^n-d In the baee uf th a furna ce 
•An seek** on vols ruroac* b/ L. M. Oooo will be Inuaw to UM 
/usee*****. Xfii, Avsuvt zed. IBOO. 
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they or* put in trough* irf suitable refractory material 
and usually, but not always, covered riartly <rr completely 
with brick or til.., which forms the hearth. 

The shapo of tn« resistors can 1- exceedingly varied. 
They nay b« straight, U-. T-, or Y-«hupcd. Tbcy 
may be electrically connected la servos or parallel, of 
some in serves and others in parallel. They may ba 
permanently electrically connected, or they may be 
capable of various electrical arrangement* hy twitching. 
WMU Wimt tLMrmic iixr coxkk.t«id nxsisroao, 
Furnaces with those resistor* are ountlruclsd *o that 
(hey must bo operated in one manner, at all limes from 
the. point of view of esoeirical arrangement. In practi- 
cally all furnace* of Qua class either a scrpentino or U- 
ahaped nsristor may b« employed, but two or m..r« 
•trnigut wiilm connected either in eerie* or in parallel 
"nay be used instead. Fig. 1 shown the serpentina 
r»«ri*tor which has been employed in moderately large 
furnace* only, it being impossible to adapt this type to 
the ■mailer furnace*. The U-nhaped resistor shown in 
Jp(f. 2 has been employed in furnaces of any sue but 
"*a ttnoe limitation* which will be cotuidered laUir. 

Th.Mii are several ways to determine the cUvetrieal load 
'»r a given furnace, but they all resolve themselves into 
method, which la the only one ihenud sufficiently 
practical to be given consideration in this paper. Only 
furnacw of 200 kilowatts capacity or Ihm n all bo con- 
•Idured and it uuiy be said that furnaces for heat treating 
hurger than this aru exceedingly ra/c. The 
Jo»d ia the sum of thna, factors: ( 1 ) the electric, 
lent of the amount of heat necessary to nuae the metal to 
the required temperature; (2) the electrical equivalent 
of the loss of beat through the walla; (3) the electrical 
equivalent of the km of heat through the door, in con- 
sideration of the fact that this m alternately upcn»d and 
clewed. Siane the power factors of furnaces of this size 
are from 97 to Shi pur cunt, they can be neglected In the 
oaloulation of the necessary wattage. From the data 
In Table I the watte necessary to operate any particular 
furnace may bo approximated quite closely. Tho door 
loas shows the watts paaaing through the dour opening 
if the door is open all the time. If the dp«r is open only 
half the time, only half the amount given in the table 
ahould lie taken, and so on in proportion. The wall 
upon which Use wall lo*» figure- are Ixued is 12 inctie* 
thick, consisting of O inches of silica brick and 3 inches of 
IfkrsMilgubr. By actual practice thin has been found to be 
a convenient standard. As an example of the ntctbod 
of calculation the 1 
will be 

thus illustrative 

1 -Outmdo diruenssoos 4 feet X 4 foot X 6 feet long. 

2 -Production —MO pounds of steel per hour. 

3— Temperature— 1.700 dec- Fahr, 

4 — Duor — 2 aquaro feet, open 441 par cent of tho time. 
This turnaoo had a total outeide area of 128 square feet. 
The table shows a wall lou of (LOW) watt per square foot, 
making a total loas of 7.68 kuowntta for the walla, top 
and bos.-. The dour k* wwld be. 10.0 kilowatt* if the 
done were open all Us time, but it being open but 40 per 
oent of the time, the loss is 4 0 kilowatt*. As 0.0SN1 
kilowatt is required to nose 1 pound of steel to 1 ,7Ul deg. 
Falir. from (10 deg. Fahr. in 1 hour, 500 pounds per hour 
would require 44,05 kllowatt*. 



above, the number of amperes may be easily determined 
The electrioal reaistanen of a rveintor in a furnace 
cannot !»• uinVleally closely predicted to warrant oulcu- 
lattng the aim of the I 
certainty. <lf 
which will be required for a furnace to take a curtain 
number of kilowatts con bo determined only approxi- 
mately. A provision for obtaining various voltages k». 
therefore, nceoasary. and a tranaforroor with several lap, 
ia ordinarily employed for this purpose. However, it is 
perfectly possible tu provide a variable voltage generator 
for the umtf pnrpuaci. Since the precise production of 
•tool for a given furnace cannot be very closely aaoer- 



m of th 



1.1 |M 



at oeeralton. 

i» s), • o7 

ltioo r.w 

1100 MM 
,o00 Mil 

iat» To-i 

7IH 
SIS 

HiS 
S7I) 

ses 

•n 

054 



15j0 
IO00 
1650 
1700 
t7ral 
I MOO 
IHM) 
24O0 



1010 
1316 



KJIusulU 

1. 1 ..1 
1 111. per »r- 
fpum 00- V 

it ItW'Si 

0.04UII 

IM 

o.ftva: 

U.0008 

0 07:« 

0.0765 
O.OTTtKi 
II MS II) 

o.obu 

0.0VJ0 

ii.usrro 

0.0SW4 

0.122 



Wail Iimm IS 

In k. w. 

in*-Mi. r» 

OUUble surrsui. 
0.035 
OKIU 
0 042 
0 04(1 
0 049 

o.aw 

0 055 
0.05T. 

1 I 05* 
(1.000 

0.063 

(I 1164 

0.065 
0 085 
(9 



Dour 

lou IS) 
In k. w. 
per -J- It. 

II II 
0.8 
1.3 
1.7 
1.1 

•■ » 

i :, 
S.tt 
4.S 

;. ij 
5.6 

6.3 
7.1 
20.0 



The usual and satisfactory method of mcccing these 
requirements appesvt to he the txnptoyinent of a trans- 
fornur with 10 to 15 taps. Usually 13 is a satisfactory 
number, having a. range of voltages on the secondary 
from a iiiimiuum equivalent to one volt per inch length 
of the rwelator to a minimum <*ruivalcnt to two volts 
per inch length of the resistor. The various Una on 
too traiieforniers n*cd In moat instances have given 
voltages which are in arithmetical progression, hut it 
is tho opinion of the writer that a progression of volt- 
ages in equal steps is bnit suited for the work. For 
the purpose of making provision for lha uncertainly of 
the rcsMtance of tho naastor. the voltages would logically 
!>•> chosen In arithmetical prvigrtwaiun. For purposes 
of regulation, turnover, since tlx kilowatt input Increases 
av« the -quare uf tho voltage, it would appear, from 
this point 0/ view, that ll«. voluuje steps should bo 
icraduaied to best moot thu condition. The two con- 
dilions must le> met, and (lie most saliinVctory amuigi*- 
men 1 is to make tho steps in such |«ogrossion that 
the difference of the kilowatt input on adjacent taps 
in the higher voltages will not be so very much larger 




Fig. 4. — Furnace regulated by voltage and 
ance; suitable for 4 to 10 square feet hearth 



(a) Based on wall 12 Inches 
3 inches of klcaeujuhr). 

(6) Door open all the time. 
Thus It win be seen that thia furnace will require 55.7 
kilo*atU for operation. No factor of safety nesd 1m> 
stpulusl to this figure if the conditions selected am ut the 
maximum. On the contrary, If these arc normal opemt- 
irur conditions a factor of safety should be appliid acoord- 
iitg to the puesibilltusl of greater demands being made ou 
th« furnaoo. 

After calculating the number of kilowatte neeeesary 
for »l»-mtion. the length of the resistor Is approximated 
in order to dsilemilne the voltage With granular 
Krnphite' uxnerieaee has shown tliat the most •atufaolory 
vultagu is .siiiivaleul Is 1 H volts per Inch length of the 
From this roll 



than on the adjacent laps on the lower voltages. Ac- 
oordittgly, a satisfactory range of potentials on a trans- 
former with 13 tape would have voltages eqiuvalent 
to the following, per inch length of the resistor: 1.00, 
1.10. 1.20, LM, 1.3*. 1.47, US, 1.64. 1.72. l.W. 1.87. 
1.84. 200. 

KtKCTUICAL aSOUl.ATIOK WITHOUT THSNSrOMlf Kit. 

A method* for abtoinlug this rvgulatioa and ad- 
justment without the use of a transformer has been 
devised in tho writer's laboratory very largely through 
the work uf Mr. Richard S. Bickncll. In thia typo of 
flirnasBa several resistors are employmt, which are not 
lH<rman*sjtly electrically oouneutod, and whicii by nveaoa 
of suitable switches may bo oonnceted In various ways 
the furnace is in operation. They may be ar- 
ia aeriea, in parallel or in any combination* 
to effeot tho desired regulation. In oilier 
by alts-Hug the resistance of 
with the oforernenlioned 
where regulation was affected by altering the 
iiiijireased upon the reetator, As will be shown 
type of regulator ia particularly 
to f urnaooa having 10 square feel of hearth area 
An example of a furnace capable of such 
regulation is shewn in Fig. 3. With those four re- 
sistors in this psvticular furnace it ia possible to ob- 
tain 110 inches in length of resistor, or equivalent of 
same, in the circuit at one time, and 220 inches in 
length of resistor at another. A large number of inter- 
msxliate lengths of reenter between thia maximum 
and numiinum figure may also be placed in operation. 
This particular furnace la designed to operate on 220 
volts and it will be) readily seen that the maximum 
voltage obtainable per inch of resistor is two volts and 
the minimum is one volt. A quite 
number of interutediata lengths of 
by employing the four T-ebaped resistors, as shown. 
The leugth of the resistor is, of course, merely another 
way of s tating Hie r eei-Unee of the furna ce T hese 



or over. 



T shaped resistors have each lfar*a u n equal leg*. Re- 
sistors ,i and D ore similar and H and C are similar, 
hut A and B have corresponding legs of different lengths. 
The resistance of the furnace resistor* for a number 
of intermediate steps Is made by connecting two lege 
in parallel in instances when a low resistance ia do- 
aired. When a high resistance in wanted the resistors 
ore run In series the current paaaing through tho longi-il 
log. only. By properly proportioning the legs, it wiU he 
»«n that the number of intermediate s 
of regulation may be mode as lance 
It is. of course, possible to oombin 
of regulation, namely by voltage and 



are desired at different lima, it is absolutely 1 
that provision lie made for altering the kilowatt input 



, as much beat as possib 



capable of being arranged either in eerie* 
A furnace so regulated is shown In phut 
in fif. 4 and the method is qu lie suitable for small 
furnaces of from 4 to 10 square feet hearth area. Tho 
oouatructioii of the raaustor aa shown in vertical seetiutt 
would be quite similaJ* to that in Fig. 3. 

This discussion applies to bn(n typos of furnaces where 
the two method* of rotrulalion are employed, i. e., cither 
altering the voltage ur (he rcsMtance. It has Usui feuiel 
that a reeistor |ihu-.d herKsstl, the hearth ^au l»- ei.mpo««l 
of two layers, of nuibrials to advantage. Ui* utipe r 
of granular gra|.liite and the lower uf some maU'riai 
of lower electrical conductivity than graphite, such »* 
charcoal. Tbi. lower layer take* a smaller i»rt of tho 
current than does the upper layer of graphite, thua 
placing the major part of the heal libcraled quite near 
to the top of the resistor This method seem* to pro- 
tect the part of the lining upon which the resistor rest* 
It protects it sufoeiontly ««U not only to wmrraut it* 
»». but to nuxke Ha .» rt-olutd, n«ee*ary », tb« 
case of furnaoea «(«rating dose to or ehove 1.MJ0 d'K 
Fahr. A resistor eon-sting f " b ^L .^S 
ately tamped by hand and half granite gently lamped 
In is , very aatirfaetory „ uuuld be „eh 

Th. wtdth and depth of ^"/^^ jn lbe awiml 

hearth tins direction is, 

of ooune. upward. A«.*di'.« *• *• 
tho toticil sha,* of fg-atO- o' »h -J would be as 
»,.!- »• ,-»-.hl- nut! M"-"-' '"• 
over, is not at all feasilAo for Mwg r,**oo», Tbe 
resistor burn* away more rapidly when It is wide and it 
is more difficult to spread the graphite oa a 
when it is repleniwhed. Wide 1 
lining and the expense of the lining it a relatively im- 
portant item in the oont. When wide reais(or» are 
mado to run at right angles the current has a tendency 
to flow across the interior corner In much higher inten- 
sity than at the exterior corner. .SonieUrit.» carbon 
.x graphite niseis. bn>e been plocod in tho resistor ut 
the oorner* for the purfraee of reducing this l»<al effwt. 
Tbi*. howev.r, is not a very good remedy, aa the heat 
liberated in any event is not so great per unit an* of 
the resistor in the corner as in other parts of the furnace. 
The (trues-scetion of the resistors had, therefore, better 
be mode about square, or wider than the depth hy a 
small amount. If jusoihle the resist"", should not lei 
narrower than their depth, but It is impossible to olnerve 
this roquircliicnl in all coses. H.xotors less than 
incbo* wide should nut ho used. They should be nut 
loss than 6 Inches deep and preferably about 7 iuelies, 
except for rooMors over II) inches aide which con las 
made H incbte deep, though more than thu is likely 
to cause exeewivo beating in the l«s>e of the furnace. 

The desjgocr frequently has the opportunity of etu. 
ploying one large rteUter <ir two sniaJUr ones to do lbe 
same work. Suudl rosirtors l.i. than ,i inches wide 
shouW bo avoided beoause slight viuiaiionj in «hape 
hare a nmre marked csT»et on their reantance than in 
the case of the large rosistorv It a rnurli hettiT as a 
rule to employ a short resistor 4 or .> hirhni aide than n 
TOrrespondingly longir one Ih or :i ire hsw wide. On 
tho other band, large resistors are also Ut he avoided 
Since the thermal conductivity of graphite u rather low 
it is evident that large resistors are much more likely to 
become oxcoassvely heated 111 their centers than small 
onus. Resistors 6 to 0 inches wide are to be used wher- 
ever possible, and for resistors of this type 12 inches wide 
and o Inches deep are about the maximum dlmenaion* 
fur furnaces used for bssttmg steel. This is quite to,, 
large, howevee, tor any boat-treating work, but j t J 
mentioned merely to give an opproximatiiio of the 
maximum limitation uf this type of furnace A 13 ov 
» Inch resistor would carry 1JM0 amperes and a num. 
her of them uould Ite arranged in a furnace so aa to 
liberate 18 kilowatts per square tool of hearth. This 
ia equivalent to a isroductton of about 110 pounds of 
Bted biuvlod to 1.700 deg. Fahr. per hour per sqi,»„ 
fool of hearth under the usual comutions- Thi, uru . 
duetiou is not only more than is usually insured, bxrt is 
far too much for good work. Kxptnenec has shown 
that a maximum production of about 50 isetiati p»» hour 
per square foot of •""J^ 1 * ^ 7,l ° *• Fllhr u •> Ibat 

(To K eowcladen.) 
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The Attow Rock Dam 
Br Cnaa. J. Lisle 

ANonitn "highest diuii in the world" is being built 
by the l' ruled States Reclamation Service, and surpasses 
it* re>«ttd^br*«kinc construction of the Shoshone dam 
i» Wyoming and the Roosevelt dam in Arixona. 

This new project, tbe Bosse-Payette. project in Idaho, 
In Uh< outcome of a lung «ffi»ct on tbn part of the Idaho 
li-gulau>cs to get tbe Reclamation Bervice to take up 
Ibe ■tornge problem for tbe waters of tbu Boise river. 
Th* gov»rnnvcnt bait lnwii at work fur mow years ua 
the ra-uunatioa of Idaho lands that will bo srrvi-d hy 
thin new dam, ami ban funuehed w»W through the great 
l>«*c Flat reservoir, in which is stored saw* of th* Holse 
river flood water. But tbe mater supply has not boon 
adequate, and not warty all On- Land Ibal must be 
watered from that product, if at all, has a water supply, 
except as the reclamation serrieo supplies it. 

The Boise n\*< rouses from the central Idaho moun- 
tains, through a narrow, precipitous gorge which at 
various points furnishes excellent sites for storage dams. 
It was 4etornum«l to build tbn storage dam at Arrow 
Rock, a point on tbe rivor about 32 miles from Boise 
Work was begun two yean ago, after an exhaustive pre- 
liminary purvey. 

The dam is to be 3il feet in height, with arrh upstream, 
and is built of wuerele, reinforced. The foundations 
go 80 feet Isskiw th* river level. It is 100 feet wide at 
tbn hose, has a bottom length of about 400 feet, and will 
Imp 1.000 feet in total length ua top. It will contain 
.VJO.OOO cubic yards of concrete. It mill store water 
to a depth of 330 feet, and tbe back-water will extend 
for 'JO milee up iitrewin, making a beautiful mountain 
lake. It mill store 230,000 acre feet of water. 

The water is to be taken out through a aeries of Ave 
hydrauhcaJly controlled gate*, 40 feet above the bottom 
of tba structure. Whrn tbe dam is full the water will 
come out at a head of 300 feet, and the gates must be 
of the henvkext character, and 1.000 tons of steel was 
used for the gales and ar cs sswripa. They open into 
steel penstocks that carry the water through tbu body 
of the dam. Ah tbe needs of tbe irrigation season are so 
fluctuating, a wide range of control in- provided. The 



dam oould be practical U empti..) uicliiu a few weeks, 
if pneewary. 

Prior to the beginning of the actual work ou the dam. 
the river waa diverted from Its* natural 1**1. and carried 
through two 12-foot tunnels 1,000 feet long, cut through 
tbe rocky point which forms tbe west foundation of the 
dam. These (unite** are Urge enough to carry more 
then the higheat known discharge of tbo river at flood 
time ; and will be used for nearly a year longer, a* It will 
take that long to complete the dam. Tbe spillway i» 
cut through solid rock some hundred* of feet from the 
end of tbe dam. so that there ran be no cutting away of 
the structure by the action of tbe water. 

A force of from 200 to 1.000 men have been at 
work steadily ever since the wurk was begun; and 
about 800 are now on the job. An interesting 
feature of the work lias been the use of electricity 
from tbe government dam farther down the river, 
to furnish light and power for tbu work- Tbe endue 
dam was put in to divert tho water to tbo government 
caiials for the lint part of the reclamation project; and 
later a power plant was put in, which now furnii.hr* 
part of the power for tbe city of Boise, as well as for the 
building later of tbe greater dam. The only govern- 
mentally owned railroad in tbn Western hemisphere con- 
nects the Arrow Rock works with the outside world. 
It I* 21 mile- in length. 

toffee- Growing in Paraguay 

That coffee can tie cultivated In Paraguay Is now 
being demonstrated by the autre** of A few small plan- 
tations In the Department of Altos, a short distance 
northeast of Asuncion, In the chain of hills extending 
from Brazilian territory as fur west as tbe Pnniruay 
River. For many yean* coffee baa been produced In 
small quantities) by Furagunynn bouseholdeTu for their 
own use. L'ntil, however, the success referred to aliore, 
only failure ha* resulted from tbe efforts of those who 
have attempted to cultivate tbe tree for commercial 
purposes, largely necaus* they neglected to study local 
conditions and adapt cultural methods thereto- Hue- 
cesa has now been attained In the sumo localities where 
earlier efforts Diet with full tire. According to frof. 



Charles Klebrlg. a boUnhit of recognised authority and 
director of the Agricultural College of Paraguay, there 
are suulcteut trees muter cultivation In the Department 
Of Alton to yield at present an annual crop of more than 
XKUmn pound- of coffee. Tbe | induct Is all marketed 
in AAUD.-b.ct, where It In -.0.1 mm BraslllHii coffee. Toe 
producers of this coffee are Paraguayans, and It la 
noteworthy that this Is the llnrt result of anything lute 
Intensive cultivation, requiring a number of years to 
bring their work to fruition, by the people of this race. 
Prof. KLebiig stat4» that the region where the coffee 
tree* are grown seems to meet all the requirements 
of (he plant. Tlie depth of soil, (he rare occurrence of 
front, whh h Is never xunVlent to endanger the plant, 
the general elevation of tike land, and (he abundance 
of trass giving the kind of *hudp necessary, all con- 
tribute to assure noccews Lf practical methods and the 
proper degree of care are employed it is estimated 
that .%d0,iMN) tree* will soon be. In bearing ha tbe De- 
partment of Altos. As much n* II pounds have been 
gathered from a single tree, but this Is exceptional. Ten 
thouKaud tree* Is (he largest number on any one plan- 
tation, the average tn-liig I'm (o '.MNaX— Journal of the 
itoyal Society or Arts. 

Handling Rails Cheaply 

> OH some rullriMtd* rsit> are hHng Imub-d nnd un- 
loaded mechanlcttlly instead of by hand. The machine** 
uxihI are operated by air pressure and usually handle » 
rail n in If Mile, although In one esse It hi reported that 
three rails are being handled In that period. Modern 
locomotives have sufficient, air rapacity to provide power 
for (be continuous brakes and the lifting machinery 
al»»; but where older endues are used a temporary 
steam pipe van coupled from (lie engine to a special 
pump for handling the rails. Where rails are so dealt 
with large gangs of men may tie «ll*|>en**M with. One 
cotn|*iii> has been using elect ronu truer* fur handling 
rail* mid scrap, and It It <uild that these will lift twelve 
rails at a time or several tons of splkesi Tbe magnets 
are operated from (be Jib of n crane, usually of tbe 
locomotive type. 




View of the great Arrow Bock Dam, showing spillway cut in solid rock area ad the end of the dam. 
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Calorizing" 

A Protective Treatment for Metal 
By H. 11. ('. Allison and L. A. Hawkins, Research Laboratory, General Electric Company 



Ml got the close of I he brutue uge Iroo has been used 
for ovens, utenalla and IooIh of every kind for all Cob- 
pith lure* up to dull roil; hat for higher temperature* 
then- liu been, even up to tbi' preeeut day, no dump 
metal available. Platinum, because of It* cost, ban been 
guile limited fa application, and tbe cheaper iikXuIh, 
such a» conwr, and iimih| of the nlloy*. such aa brasses 
anal brooao, will unt withstand beating In lb* air to 




(al UacaturLfttd Im alp. 




(bl Ca)*rli«l Iroa pip*. 

Fig. 1 — A pice* of plain iron pipe and a pier* tut 
from tbe same tul„ bul eaiorised, after being sub- 
jected to tbe same degree of temperature for the 
aame length of tlaae, 

red beat Nickel and cobalt are the moat stable of those 
metals whicb may he worked or cast and are fairly 
cheap and will withstand moderately high tempera- 
tore>. Somn of t lie nllo>-a containing nickel are alao 
quite permanent In the air at red heat. 

Mr. T. Van Alter hnn discovered a process of beatLng 
metals In revolving drum* with mixture* containing, 
aBoac other thins*, finely divided aluminium, by which 
at surface alloy containing aluminium la produced. In 
the case of copper, tfala alloy la of the nature of an alu- 
minium brunxc, but richer in aluminium than tha ordi- 
nary alloy of that name and more resistant to heat, so 
that copper thus treated la protected, up to tha melting 
point of the alloy, from the seating which occurs when 




pig. i. — A section of valorized Iran pipe (lower) anal 
a ejection of anealorised iru* pipe (upper) after being 
treated to operating temperature for 4M hours. 

untreated copper la heated above 300 deg. Cent. Tbe 
aaaae general result was obtained In tbe case of Iron 
H nd alocl. Home use waa made of this process, which 
baa been called "calorialng." for treating copper solder- 
ing Irons ami Iron resistance wire* for heating device*. 

Modluciitlous of tbn process, extending It to furtber 
nppllcatlona, acre made by Mr. B. O, tlllaon of tbe 
Schenectady llesearen Laboratory, riecea which, be- 
canse of tbclr shape or aire, are not adapted fur tum- 
bling, may be calorlaed by packing them In. or painting 
them with, a mil table mixture, and heating them. Thus. 

• From IS* I7aaerst IHmtrie Rvrlsar. 




the alio of the heater la the only limitation on tha alia 
of the piece that ma) be calorlxed. Wire or ribbon may 
be treated by a continuous process, by passing It 
through a boated pl]>c containing tha proper calnctxlng 
mixture. 

There appear to be many place* where It la dealrable 
to use Iron veaw-la or apparatus! at temperature* above 
*ed heat, and at auch temperature* ordinary Iroo 
rapidly oxidise* and scales away. After Iron la calor- 
lxed Ih* effect of banting t* alight. Instead of burning 
and the scale falling off. oa In the ease of untreated 
Iron, practically no effect can be detected after a con- 
siderable time — certainly nine which Injure* tbe aur- 
face. This la well Illustrated by the two piece* of Iron 

: ihowu in I'lg I both from the same kind of pip* 

but ooo of which IB) was calorlaed. The two wore 
boated aide by aide, with an ordinary laboratory blast 
lamp to a temperature of about 900 deg. Cent for a 
period of four hours, then cooled and tbe heal once 
more applied fur another period of four hour* At tbe 
and of that tune the untreated pice (a) was badly 
burned, the point where the flame waa directly applied 
having been reduced to one half the original thickness, 
while the whole surface waa Mistered. Tbe contrast 
between this piece and that which waa catorlscd (ft) la 
very marked, for even upon close examination the 
eaiorised pip* appear* to be unchanged. 

In connection with the piece of calorlsed pipe used 
In tbla experiment. II should bn atated that It had 
previously been txaed In other work, where It had been 
alternately boated to 1.000 deg Cent and cooled In an 
electric resistance furnace open to tha air. The total 
time during which the maximum rrmpernmro wn 
maintained waa about fifty bourn A rather extreme 
tent lias been applied to this same piece lately, by heat- 
ing It to about 1100 deg. Cent and plunging It Into cold 
water, after It had cooled to a dull red. Tula lias been 
re|**Ji1ed three lime* mid the surface abuw* no signs 
of cracks or any tendency to scale. 

Fig. 2 shows a similar comtsirtaou between two pieces 
of sheet Iron tube, one calorlxed and the other not. 
which were both subjected to a temperature nf WO deg. 
Cent. In • ga* furnace for ion hours. Tbe uncalortxod 
liter* la practically destroyed, while tbe calorlxed piece 
Is unharmed. 

,\k evidence of the performance of eaiorised Iron 
under actual working conditions, the tubes shown In 
Fig. S were photographed. These tulie* are pert of a 
small nitrogen purification plant which Is In use during, 
each working day. They are both healed by gan in a 
brick furnace, the larger tube to a temperature of about 
son deg. Cent and the small to nbout 6S0 deg. Cent. 
The larger tula* waa cnlorlaed and has been In a He over 
-arm hour* with no obaervnble deterioration, while the 
smaller rube, which waa sail calorlsed and which has 
also run tOO hour*, la badly burned. Tbe spots on Ihe 
calorlxed lube ore enrbun deposits doe to poor combos 
lion In the burner*. In Fig. i are shown thee*, same 
tube*] after they have run over ftV> boura. The calorlxed 
lube atlll ahowa no evidence of acnle while the other 
tuhn Is almost burned through. 

Another application of this process Is to Iron wire or 
rthtMw such as is nsed In electric healing unit*. An 
untreated piece »f this ribbon will burn out In four or 
Ave hunt* at the most, whereas testa upon calorlxed 
piece* have shown that tbn life is Increased nt least 
fifty fold, and In the best Instances over one hundred 
folil. The results nf teat, made at rlttafleld Indicate 




that a life of over raw hour* may be expected from 
cnlorUcd heating units run at a temperature of MOO dee- 
Cent. 

Calisixed seaiuixsa Iron lulling la being used for com 
Iniatlon babe* In the research analytical laboratory 
where pure oxygen k» brought In contact with tbe met* I 
al temperature* from BOu to 1.000 deg Cent. Tbease 




pig. 2. Effect of nOO deg. Cent, in a gaa furnace f**r 

IM hoars on a section of valorized and of on valorised 
sheet i r i .ii tube*. 

linv* tbua far operated all right and atlll appear unal- 
tered after nearly 100 hours' use. 

Tbe above facta seem to Indicate that Oils la a simple 
method for extending the use of Iron under o»ldWii« 
condition* at high temperature*, and for greatly pro- 
lonclug I lie life In those Instance* .her* It la now uised, 
hut must be renewed at frequent interval*. In the ens* 
of small mu Sea or cruel bin*, where temperature, are 
below 1.000 deg Cent, tbla treatment of cheap «at or 
wrought Iron shapes seems vary pnmilslu*. While ON 
life of the ennting dependa on tbe temperature at nKU 
1, U used. .. well as on the duration uf urn* taken In 
„a preparation. ,. e. the quantity of «** 
a.loyV-llh .he surface of the Iron. » »«=• ™°« I"*"" 
of tout us* at temperature, much » ««-. ot M00 

^opW parts .am, which are exposed to high tern 




rig. 4 — Photograph of Ihe same tubes as shown |„ 
Fig, 3 (upper uncaMrlied), hut after «0 hear* si 
operating temperature. 
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Fit;. 5.— Cru**-seclmnaJ view of several lV«-luch diana- 
artex copper rods after bring calorlxed (or two hours. 



Fig. «.— Phota-mieragrap.. (M dig. mafnIScatlon) of aectkoae ot a ratorixed copper bar. 
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lieraturea. can bare their life Iwreawd br ralorliln* 
In »«iu> niMNi cnlorltrd copper mny be uaol advan- 
tagftmary In place of aluminium bronae. For llaWnc a, 
a larpe power KtulMi lull trouble from early romwlon 
uf lt> eonuViM-r till**. Tbeae tuhea went aluminium 
broose mul were auiipoeed to in -t at least a year. As a 
matter of Had, while oceaalonalljr tubes would Is Ml aa 
ktnc aa alx yeuni, other tunes would fall Id four to alx 
weeks after they were liutalled. About two and a half 



clearly by a eroaa-acetlon of a ealorlxed copper rod. 
Tbe Hue between the alloy uud the uuchangnl copper la 
•harp, hot tbe color of tbe alloy varWa from a rich 
Ciikleo yellow next to tbe copper to a allrcrj white at 
the Burface. 

Ft*- 6 abowa (TW U section rlews of a number of cop- 
per riKb IK Inches In diameter, whleb were rnlorlaed 
for about two boors. 

Kit 0 abowa two cruwaHrtliaml pboto-nilcroirapha of 



i .date-to 



Fig. 7 - Photomicrographs (40 dia. magnification) of aecttona of aa iron pipe which has hern swbjerted In 
catortr-lng action Tor a Ion j; period. 





Kijr. «.— Pholo-mlcrograph (20 dia- magnification) of rram-aeclfona of an Iroa lube raloriied at high tem- 
perature wllh a mixture rich in aluminium. Left-hand vie*, before healing; rlght-baad view, after 
heating at 1,100 degrees for 50 hau.ru. 



continuous proeww above mentioned. This pipe waa 
{tucked with ca lodging mixture, and Its Inner surface 
waa therefore eiiitjncicd to lung cnlorlilag treatment 

If the catorlxliig process la conducted at n high tMa 
peratnro Id a mixture rich In aluminium, two .avers of 
different tllOfl mny reault- rig. « ahowa photo-micro- 
graphs, enlarged twenty diameters, of a ctxtaa-aectUiii of 
an Iron combustion mho 1hna eaJurlxed. Tbe flr*>t figur* 
*ttnm throe tar era. or rather five. The out or layer* art 
probably mostly aluminium with a little Iron, the 
next aluminium and lr>>n with the Iron predominating, 
and the middle lajer thn unchanged Iron. Tbe line* 
lr.tuii.lhis the middle layer are csftecfally aharply 
defined. Tbe aecund figure shows tbe aaaae tube after 
heatluit in the air ut 1,100 degree* for »» hoars. The 
sharp line** bounding the uiMdte layer nave disappeared 
and Hi»* crystals m hare a radial structure. This In 
chnntrtertwtlc of all samples tired at thin litch tempera 
litre, and Is doc to a dllTu-docj "f the aluminium Into 
the Iroa, making a more tpasiogenooua *4 nocture. Tbe 
out«dile U)er Ih still distinct, however, and this La prob- 
ably doe to tb» oxidation of tbe aluminium. 

When an Iron pl|w or ribbon la culoriaed f'«r it hear 
lug utilt, a portion of l tie Iron tecocnr* alloyed with the 
aluminium. Naturally thla results In changing both tbe 
roabvtaitec mid the temperature eoeAeienL The thicker 
fho calorlzing mot tbe in" cater la tbe change Thin || 
shown by the fotli.wiug table, lu which No. I waa gltea 
ii i -ti ■ r owl lhan No. i 



*.eara ago a act of eatorlaed copper lubes waa Installed 
ii ■ I ..■ Mr i ■! ii till- I m ralleit 

In aoroe eaaea the life of copper contact a can be 
liicreaaed by en loeldnc. For luataiiee. a act of railway 
4^>ntr<>ller eutitacta which were valorised atnywod double 
the life nt the ordinary uotreftt*«fl (Niiitaeta, 

Aa baa been aald, (he effort or colorlxinc la to pro- 
duce ti hii r face alloy eontnlnlnc aluminium. Tbe thlck- 
ochx <if IIiIh albiy varies with the leoffth vf time to 
whleb the piece la subjected tO tbe <-Ml'irlxltu* prurews 
aitd the peneatiixc of aluminium vnrle> thnmeh the 
«v«ttitx hebiit itreiilf»*t at tho anrfnee. Thla ta shown 



a eabirtae<1 ci»(<|a>r lair. These imotoicraphrt are mHxnl- 
fled nfty-nvt? dlaiB-Hera. one of then abowa tbe la rite 
cryatala of the caUuixod Mirfnre, and tbe i ether abowa 
the nnaltered cryatalUnn atntcture of tbo copper a abort 
dUtauce below tbe surface, lu tbo first of these photo- 
graphs the blistering of the OOOpnT trameillately below 
the ealorlaed anrface la ahown by lite aiaicva Is- 1 ween 
the cryatala of copper. Thla effect It ebnmrterbdlc of 
cahartxinc. 

I*1g. 7 >d urn"* crtaia- sectional pboto mlcrocraplia nug 
idned forty dlametera of an Iron pipe which was uval 
for anitMt einoe a* n beater fur oilorixlng wire by tbe 
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A thin rlU-ni may easily la» eatorlxod all tbe way 
Ibnugb. mid then iK^ci^mea unite brittle. 

Tbe dimenalona tuid weight of either a copper or Iran 
piece are «)Uhtly Increased by calorlzlng. Tbe UMNOji 
uf dltui't.-lun I« mua'li lew (Tuili the Ihleliiieaa of IV 
allt.v et.it-. tbe greater part of which simply takea lae 
|4aec of tbe original luetitL Tbe dimensions may. how 
ever. Increase aeveral mllla. and there la a lendcacy to 
a greater Increase at tbe edgea Ibau coi Hat aiirfacea 

For iiviti, ealorliUig la Intended only for protecties at 
high tetnperulutva. It does not compete with gnlrAnla- 
liiat. aberurdlxlng, and other similar processes for pro- 
tectant against oxldiitbaa or corrosion at low tempera- 
tiireK Ita uaeftaliieaa Ilea within a ranee of temperature 
mnch higher thiiii a gnlranlual or abi-rardlxed coat 
coatd aland. For copper, calorlxinx la effective against 
orrosloci at low lempenilure na welt aa against oitd* 
tb'ti at high tetnja>rature The u|>ta*r limit la deter- 
mined by the melting polM ..f Hit* »1|..,v, whleb Is mime- 
what lower the heavier the en Infixing trvatoaeitt. atnea 
that menus an all<iy with a higher aluminium content. 

The probable explanation of tbe effect of tbe alu 
mltiliini In tbe aurface alto? Is thai a ihln coat of 
alumina forma which prevent a further burning of the 
metal beneath. 



The Resistance to a Ship's Motion* 

As IMtTmined ExiHTimontally l>y Means of Mtnlt'ls in Sjnvial Tanks 



1% M otlter bruin b «tf tlte highly developed art of 
fcblphulldlnj; an? tike reauJta of adetitllV oboe rvat loo so 
lin|Nirtant a* they are In the iMf ruination ttt Ibe 
resistance ..| <«.^a| i»y thv warer to il>> ■,<■-..■' ■ progrt^a. 

nil rcslslamv determines Ibe f<nn irf the hall and 
lite (sneer requm«i| to miilntnln n given a)a?etl. Tbe 
UUiraltrry ut the ebemlsl «.r ph>xielNt Hilda Ita cuunler- 
fasrt lit Ibe cx)H-rli!icuin! tmslu lu ubb-b tbe shipbuilder 
tow* smnll mislels <>f vch-m-Is and meusarea tlte era lat- 
in n-e 4i|a;sHied 1o their ttitflloll. 

Hu<-h e\|s>rltnent>t were le*M mtsled In tbe days of 
W'mmIvm Hulling veMtela LajeSWO tbe ta"»t furma of bulls 
tin- 1 Ihs-ii di-ti-rtnlued by the evpeiienea> of cent or lea. 
Tbe wiHslen salllag *hlp nttnlncd Ita highest devrtop- 
mei'l In tlie swift rtt|a;a-ni of tbe middle of the nine- 
teenth century. 

Tin* llilfislitatliai t»f Irian a- tbe Matt rial of eoti- 
i-li u. Inn,, At I -.It n.'ii ii-. II..- nir.tln- |m.v*. r, luinle It uece*- 

aary l«> slmly cb •**•!>* ibe Innueiice nf tbe form of tbe 
hull ii|stit tbe nMMar*ce. and to establish etact relatioaa 
Is'i-aafti ffigitM' (siwer and apeed. 

Tin- pit<t>lem of rr*.|stilli.s<, hnwi-ver. alt tart Hi the 
ptfteajtln "f leiitin** ploiirer*. 'jai >«*ara sgt L N>wt<ai. 
li.TtM.iillll himI i:»ler ntlemptisl !■ wive It but their 

■ TwwUimI ft ff-f |l*>niikiia WIMs a article la l**4 

i Mikoa 



romlU were too greatly at variance wltb thoae of ex- 
perience to liave any practical value. 

In the year 17TO tbe Fret) r It Academy of Sciences 
HliMtinted n ctimmlaalon composed of Itosacrt. Condorret. 
and d'AlemtHTl, to collaborate with Hon] a, who bad 
tss-n working on the prohleon seven yenra, in Ibe eatab- 
H-vhoQent of a formula for Hie eon><tnii'tton of a ball 
of minimum resistance. The possibility of discovering 
a malbematlcnl formula applicable to all condllbAia of 
length, width, and speed waa generally assumed daring 
the succeeding one htindrvil years, ami this t lew. tbotigb 
disposed long ngo, la still often ex|>roas«L 

Admiral Hbevennnl. following Ilonla'a example, ex- 
perimented with prisms. cyllDdera, nud other simple 
forms. Hulsnsiuentlv (177.' to 1TIH > Ihe Swedish etigl- 
n«>r. (Thapiuan, Investigated tbe varlatbai of tbe reslat- 
ance with the poaltion of tbe greatest eriaoi Hoetloit In 
solids of rotation, 23 Inches long, with paratiolotdal 
and ci an leal ends, but his researches produced no results 
of value. 

A few years later (17W1 to 17W-0 tbe Kngllah colonel, 
Merc Keaufoy, experliuetitist with fbattlfig and *ruh- 
naerged lusll-fs In the ttreenland d*«-s., t^atibiu Tb#->e 
■•x|s-rltnetitN mark the tlrat rational ottai-k utsiu tbe 
prialtleou. nud II I* Interr-dlng tit oanpare the mentis 
empi«>Ml with tbe highly develo|*et] ■pimratua and 



methods of the present day. A coutemporarr drawing 
of neaufoy*a apiairatos Is reproduced Id Fig. 1. Tbe 
power required for towing the mtslel throngli tbe 
wnii-r was furnished by the fall of a heavy weight from 
a scaffold nhont no feet high. Tbe motion of tbe fall- 
ing weight waa transmitted to tbe tow Hoc by a multi- 
plying trnln of policy*, while the time and velocity of 
fall were measured automatically by the trace of a 
I -Hid ilium on a 1-ed of sand. The models were made 
of wood, and were pa Intnl. for Ileaufoy'a Brat object 
waa to determine the frtctlocial resistance. 

Many experiments of tbe same general character 
v.. n- *oh<*e<pir-titly made. «wpeetally In France, with 
mistels and even with ships, but all of these researches 
started frooa faUc premises 

It wna found that the total resistance experienced 
by a vessel Is much greater than tbe akin friction, and 
It was assamod that the dlffers-nee is determined by 
the quantity of water which la throat aside by tbe mor 
lug vttM*el. The celebrntfsl ICnglbb ahipbullder, Scott 
Itnxset. was the tlrat to find tbe true cause of the dia 
crepaney. In tbe formation of OrgVOO ut the bow, and of 
wiive-i and nltlb-s at Ih** stern of the ve*t-W, 

With Iks* m|*iil dei*-lo|iiiieiit of ateaan navigation tbe 
rvwUlaiKi' to in. .11. .o. and Ibe form of bull hc«t adaptisl 
lo minimize that resistance, aasomed an importance 
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that may be estimated rr.s» the fact that, fur ■ gben wheel », the guide form appropriate to their new posl- 

slio nm1 *|H-ed. the well dralgued ship* of IimUj .Icvclop (km u substituted fur the oo* already used, and the 

only half an much resistance and burn half as mocb ins-ration la n-puuted. (hi leaving the shaping machine 

'"■wl an the shlpa of thirty ynara ago the model present* the appearance shown In aeotlon Hi 

Tbi> first really arlentiilc attempt to solve I he problem Klg. 4, The fOrm of the Mulshed model l« roproacnled 

«■•- lisaile In Is-li, when the elder Fiwudr logon his .-c|e by Ibc bottoms of the groove* The wipcxflnous mate- 




l>ri«t,,l cxpertuicnla with models gi-ometrlcully similar 
l<> the v.*4*el« which were ti) be built. eVoll Ifeuawl. 
tho loieit ruinous »hl|sl.ull.lcr of hl» time, asserted Uuit 
the r,-l»t:iiicc cipcrlefnisj hy real shlpa could Dot be 
sluced from such cMWIincul*. Isul r*r.msle 
I that the KTH-ton sloop •Xlreyhouud," when tewed 
at various ttpeedft and draft*, developed rodstanrca ttmt 
nitrral exactly with the roMilt* obtained with a model 
having une sixteenth tho linear dimensions or the sloop. 
Tho conclusions that Provide drew from bk rxporl 
monts. on the lush, of tho laws of similarity thai had 
been enunciated hy Newton, are rtltl of | 
Itjr oa they 



In order to obUlu correct results the weight of the 
model anil the speed with wllk-h It Is towed In the ex- 
rsr-rtmcutal basin must hear ii.rtalu dvriidh? nittoii to 
I'"' contemplated stared and tonnage of the shlpa. For 
example, a model of the "Imprrator." coortr'jeted on 
the scale of l to 04), umst weigh Ids kilogramme*, a 
remit obtained by dividing the displacement of the 
••In.IHTut.ie," -HMOO Belrlc Ions, hy the thin) iwwer 
of 50. 

The itrufleT speed for the model. 1.73 meter* per *eo> 
on.l, Hs obtained Hy converting Iho veeeer* speed, 24 
knot*. Into meter* per second, and dividing tho result 
bar the square r.*it of SO. 

are drawn for (he isrojected ship, and 
eordlng to the** i 
In the experimental basin In order to 
(level. ,|„ the eunnllot total realatanoe. 

The motlel* are made of paraffln. to which a little 
The mixture Is melted In a water bath 
o clay molds, with cores, producing hoi- 
h walls about two Inches thick (Die. 21. 
I has cooled It Is taken from the mold 




tho Khai'lmr machine i Mir. 3>. 
model niorcd louaitudlnally henenth two cnttlu; 
wtics'ls na, which turn no vertical sbufta s«. eiinldlsUbt 
from metllan plune of the, mislel. The enttlnc 

arP irrudually rab.Ml or IowchvI by menus of Ihelr coo. 
P^-tlot. with an arm restlnit ..n tlie avlldo «c. which rep- 
^Hserjt^ 11 londtudrnal vertlcnl aoctloo of the veHeel, at 
„ certain dlstamv from the rnnllnu plane. For reasons 

^Hl.le ic lire made mnaller thni. ihow of (he model. 

f. which carries Ihe cnlde. moves In Iho 
as llw> liKslel. hot Iiks rapidly, and the 
bt .v.nnecteil with the cattlnR wheets by a 



ayinmetricaUy xltioite.1 lonirlliullnal sections of the 
hull are outlined l.y the groove* made by tho cnttlcux 
Khffl". TI.,. cnttlns wheels are then moved towanl 
„r owi.y fr.Ki. Ihe medlun plaiw. by (limine the hand- 



Vtm. 





the effect of u w. lEht s.ui^o.Usl fr.nn lb» en.| of h '» 
.Hiuivaleju to Hint or u for-., equal to Ihe welahi. aWMral 
h..rl«.i..Ully u. ihe |.ro|a-r dim-tloii at ihe ciu| ,4 „ or >■■ 
(TM esajgfchl p ore not use. I hi the lowina ..\|«tI- 
melit-s.. Ttu- a|.|.nralu« eln|d«ye.l fBf tile mcimirvrnclK 
of n->islaiie». In .llfliTciit .'Vjs'rluici.tal bavins vftrtaa] In 
deti.ll. >...t .ill of II e. bated oa Ule "nine fiuulani.'litnl 
principle, which «a. enulli'blle.1 l>> Krollde. 

The fur.-.- r.s|iilrrd to drti-e a screw im^MiUer. oiol 
the prewure exerttsl upon It* Made*, by thf wtitcr, lire 
ulm> determllle.1 I>.V ex|«'ri.re..i« wilt, -mull in.sl.da In 




: and flunked 



Pl«. S.— The shaping maehiae. 

rial, shown In Mack In FTk. i, la 
the model, when ballasted with 
|in>|HT draft, has the calculated 
um* In the experimental basin. 

no- twain (Ilit. S) is 40 or Bfj 
hy henvy rulls. which supliort the t<iwln« .i.rrlai«i IV. 
All of the meamirlnK niiparabus la placed on this ciir- 
ri.no- which hrWces the ba»ln and can l« moved nt 
vurUiiut speeds by electrle power. 

The apparatus for measuring the total resistance to 
pr.atreaslon. Is Indicated In II*. ft The nuslcl Is nt- 
tached by a low line to one arm r of the Irnt. frame 
one, which Is pivoted to lite towing carriage nt n. Tho 
opposite arm a la attached to cats end of the dymi* 
ninmctcT spring /. the other end of which U faau-ned 
to the carriage. As the carriage move*, from right to 
left, the model la drawn through the water In the snme 
direction. The resistance of the water produces a ten 
nloii in the tow-line, which turns the frame h c about 
the plrot o. and -tretcbes the dynamometer spring f. 
This displacement U multiplied by ten by at. aluminium 
pivoted at o,. Tho long arm of this lever, one 
In length, curries a tracing point «. which proeaeaa 
upon a rotating cylinder. The curve of resistance, thip. 
traced. Is n straight line If Ihe speed of the model la 
kept constant nnd all ahocka nn- prevented. The func- 
tion of the sprlnil fti between the model nnd the tiM»*- 
llne. Im to enunllie the teo»l.m and tx.ui|B'asiilc the 
< uvUlntlous of the model- Itecoeda of the distance 
traveled. In flw-melir siaieos. and of the elapsed time 
In ha I f -«eoonds or qlurler-Heenod*, are slni.lltaileottMly 
tnserllve.1 on the cylinder by appriiprlata will IwilMl 
The nt remit h of the dynamometer xisrlng. which must 
he selected In nccneiiance with the site and speed of the 
ra<*lel. fa. mensucc.1 by wcltrtils sustsnided from the 
arm h. As Ihe three arms, u h r. nre 



2.— The awajel In Fig. 4.— The model as it leaver* 
(he shaping machine. 

The apparatus employe.] for this purpo-e H 
lusauii In »1c. 7. The protwllcr e Is carried by the 
fn.n.c olicd ||ka ran lurn fnvly on Ihe pivot n. 
The euil of the ii rm o Is <xn.n.s-t.sl with Ihe lever *. 
nod Ihe pressure on the pr.,|«ellrr Is c.sa.|iell»sal.-d aie 
proxlmalely by placing »elghl« v 'he pal. ». iaav 
. the lop of the lever. Tin- eomlwl.satiott 
l- caupleteil Hy Ihe siting /. lit Ihe end of (he borlaon- 
lul r<sl t. attached to the up|s r purt of lever. I 

.Bsatlon la not exact, the lever a f 
II* verticil imslUam nnd strikes one of the 

ft. thereby .-sivlnc the electric m.*or m I" 
rwnnl .» taekward. au.1 to •MMfNtal or oitcnd 
/ hy means isf the screw u. until the lever 
Ubr.KU.bt buck to Its poslllou of equilibrium The! pn-a- 
on the propeller .-an then be ..«n|nil«l fr.aa tnr. 
1 nnd Ihe chance In Ihe Icnirlb or tho spring f. 
As lt.c e.«.lacta 1 1 »r* near .-eh oll- r the lever h 
cannot d.vnrt far rr,.u. the vertical, and <t.c trs.ins 
,„!„, I. littachetl to the roll In«-rll« » - ,r ' y .l™'*^ 
„„.. on .be re-xuvllng cylinder. A. ^ ^^l,. 
,or.|ue of Ihe propeller ts tueasure-1 by a b* 



, the sboftlng by 

iwller Is driven. 

•rhe Gen-st eiis rlowntal basin* nre . . . 
anrnrato- t,* mablue cailluumi- photographic reconi* 
of Vhe waves foruxd by the bovv and rtem ot the •mo- 
llis m«lcl. 

Tlverc are now In eilatetn-e twelve eXTNvrlrorntal 
Iwslns of this gws inl character; two In (lermnny. foor 
In Kinlaml. two In the United States, and one In each 
.„ ,he countries franco. Riwln. IM,, W* Ja.-a 




What an Inronpgrlciil ' 

Ir has been Xaled that the rec.nls of a largo mann- 
facnirtng akuM show that It wets on an aiTrage f3fl to 
erignge a workman, (ry him out and discharge bun for 
i.ieoin|a>lenci ; and while this Is undoiihtedly an expan- 
sive experiment In ..Mini. ry machine work. It win he 
readily apparent ehnt It ln>. Ie> easily more so In Ihe 
casi- of a tasVaf 1'li.nt. wlierv- an ll.ci..n|s.lent shift engi- 
neer mlglil easily racee urcnl dumnge In ca«- his lnef- 
Hrlenry was lint illscovered hefnee some rnargeircy 
anvse nhU-l. mv was onlK lo hnndle. II Is evident that 
In a large pl.nl a w-r.nl deal of money may Is. wasted 
uimuiilly |f pmjior cam la not exerclscl In taking on 
new men. and n avoid this ihe personal attention of 
some MpajriMaaaJ MM will go much rarlher Hum , hr 
formal red lane morn.*! of hti.-lug a chesi- clerk »s.rt 

over 1. mlsccllJi: s (-.llcllon of cempllcatnl vmplo,- 

mcnt v1»r,.,r*si.«" vshl.-h m .sny a f 
mo, ...i t.. able to mi In proprrlv. 



I-tg fi. — Diagram of appuralaa for t 
reaialance. 

TW. laaart show. M rscard an <lw cyllDder wlso W . 

lk>C tei.slj 




lit. r..— Klperimenlal hasia and I 
carriage. 
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Producer Gas from Low Grade Fuels" 

Cheap Power from Fuels Not Heretofore Considered Economical 



Tub Reports ■>( the U. H. Geological Purvey show that. 
If the rat** of iiK-mMtt of fu»l consumption in this country 
Hint hu bold for the put lifty year* ia niaiutaincd, the 
supply of «*atly available ooaJ will I* exhausted before 
toe middle of tho next century. The production of coal 
in the United State* increased from less than twenty 
millkm toot fifty years ago to nearly Ave hundred million 
louii in 1012; if th* industries of the country continue to 
dnratop at a sufficient paee to maintain thin rate of in- 
crease, then the limit of our ooal tupply will b* reached 
in about '«IO0 yean. A* a matter of faet. the fuel con- 
sumption per capita ii actually increasing much faster 
than the population, pi that the question of the continua- 
tion of thih rate of increase, is one of considerable im- 
portance. 

It fo Interesting to note that the production of cool in 
the United States has been for some years creator than 
that in any other oouatry. The world's production of 
ooal by countries for 1907 — the last year for which fltrures 
ars> available) to the writ it — is riven in Fig. 1. 

The disposition of the eoal flVtds in this country, as 
well as the relative areas of the different grades of coal, 
is indicated in Fig. 2. The limited supply of rood eoal 
makes it necessary to mine lane quantities of sub- 
btUitniuoii* ooal and lignite to meet future conditions. 
It will bo noted that there is very little over-lapping of 
ibe bituminous and lignite arena. 

Most of the United States lignites do not weather well, 
but break down and crumble into fine dust when exposed 
to the atmosphere for any length of time. There are, 
however, extensive areas of lignites in Alaska which stand 
up very well under veathcr conditions. 

A great many low-grade bituminous ooaU and lignites 
may be utilized for power purpoata by briquetttng, and 
the use of this process industrially is gradually increasing. 
Briquetting. however, raises the price of the fuel by a 
considerable amount. It costs 90 cent* to $1 per ton to 
briquette coal, and this large expense is practical] y pro- 
hibitive in competition with cheap fuel. On account of 
the expense, it appear* that briquet tod coal will hardly 
become adopted for largo plant work, though this form 
of fuel undoubtedly serves well under certain conditions 
for domes tin purposes. 

Another low-grade fuel is peat. There are large de- 
posit* of peat in tut* country, and In Canada there are 
soma 37,0011 square miles of pant area from six to ten fort 
tn thickness. Peat is prepared in Sweden, Denmark. 
Oerautay and Russia, nod ia also secured extensively in 
Ireland and some parts of Holland. The distribution of 
peat in the United States is shown in the map. Fig. 3. 

Whan It cornea from the bog, peat contains about 86 
per cent water, but when "commercially dried" by ex- 
posing it to the sun, it contains from 23 to 30 per cent 
moisture. Commercially, dry peat hu a heat value of 
about 8.000 British thermal units per pound, and is very 
Hid table for use in gas producers, as very little or no steam 
need be introduced with It. 

In view of the necessity of utilising, for the production 
of power, grades and varieties of fuels which have not 
unlfl recently been considered economical, the U. S. 
Bureau of Mines has conducted a number of investiga- 
tions on the making of producer gas from such fuels. 

The introduction of the gas producer Into this country 
for power plant work was mads about the year 1000. In 
that yaar the number of installations was vary few — per- 
haps two or three plants— but since then It has steadily 
Increased. The total number of plant* hu[l911. of which 
the writer has record, was liOO, and of these a largo pro- 

* Abstract of lecture oellvend s* » ststnt nwetins at U>» 
franklin Ka*Jesaw|ar| R- II-lPtnsJH. Ml, PO-D., COaaulUus 
KugtiKwr. U. B. Burma erf Mlncs^Wliluntj- Professor 'of PynssssrsJ 
EssUnesrtng. University of PtsuH>lvstils PMisdeipbls. r* Mem- 
ber of us* iBfftttets, anit rrpnrtM) to Its Jims— I 



portion were double installation*, which were not counted 
separately. The number of gait producer power plants 
in the United States at the present timn is probably in 
the neighborhood of 1,000. The total horse-power of 
such plant* In the United States in 1000 «** 2,000; tlus 
has increased year by year until in 1V1 1 it was between 
1 60 .000 and 170,000. some 80,000 of which was obtained 




Fig. 1. — World's production of eoal. 




Fig. 2.— Distribution of eoal nVlda In (he United 
States. 




Pig. Distribution of peat in the United States. 
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Fig. 4. — Comparative cost of steam and producer gas 
power plants. 




from bituminous coal, some 70,000 from anthracite feel, 
and about 10.000 from lignite. 

Of the total number of plants operating in 1012, SsVi 
per cent used anthracite eoal and 10.7 per cent bitu- 
minous eoal, while lignite was used in 4.4 per cent of the 
installations. Tho anthracite plants, however, repre- 
sented only 47.H per cent of the total horso-power de- 
veloped, tne bituminous plant* 40.3 pur cent, and the 
lignite plants .VI per cent, while wood and oil developed 
the remaining small percentage. 

The anthracite plant* are scattered all over tho country, 
though several are congregated around New York ami 
Iliilndclphia. The lignite plants are chiefly in Texas 
and Washington; there was a marked Ucreaso in 1012 in 
lignite plants in the former of thee* H tales. The largo: 
total horse- power is produced in New York, and the next 
U Missouri. 

Factors which influence the Installation of any par- 
ticular typo of plant are cost of installation and of main- 
tenance, and economy. The average oust of producer 
gas installations is about equal to that of reciprocating 
steam engines: the cost of maintenance is, however, only 
about one-half, while the economy has boon shown la 
several eases to ho from two to three times as great 
These statements are illustrated in Fig. 4. 

At the Interboro Kapid Transit Company's Fift> -ninth 
Street Station. New York city, b one of the moat officiant 
steam plants of which the writer has knowledge. At 
this plant, 970 British thermal units hare to ho put into 
the furnace to realise 100 British thermal units at the 
busbars. In a theoretical gas plant devised on the asms 
scale by Mr. Scott, Superintendent of Motive Power of 
tna Interboro Rapid Transit Company, 100 British 
thermal unit* an obtained at the busbar* when only 
4416 British thermal units are charged into the producer. 

Representing the figure* in the above example ia per- 
centages, out of 100 per cent of anorgy thrown into tbt 
furnace uf the Interboro Rapid Transit Company's 
boilers, 10.3 pro 1 cent Is realized as useful work at the 
busbars. The theoretical gas plant assumed for com- 
parison would deliver 21.5 per cent to the busbars. 

At tho Bureau of Mine* Testing Station, a 2.V) bone- 
power Corliss engine, with 20.0 pounds water rate, with 
Heine boilers, required 2,060 British thermal units 
charged into the furnace to secure 100 British therms! 
units at tho busbars, while a ens prod ucer and gas enrine. 
Using the same fuel, required only 740 British thermal 
unit* to deliver 100 British thermal units at the busbars. 
In other words, 4. Hit per cent nf the energy in the fuel 
charged Into the furnace of tho steam plant was delivered 
to the busbar*, while 13 5 per cent of that charged into 
the producer was delivered in the same way. 

From a serins of teats on a number of different Illinois 
coals, a comparison of the quantity of fud per bnno- 
power hour required in the 1 1MB plant and in th* pro- 
ducer gas plant at tho Bureau of Mine* showed that, on 
the average, the former required 2.0 times as much as the 
latter. With fuel ranging in beat value from 14,000 to 
15,000 British thermal units |H?r pound, the gas plant 



fig. *. — Simple form uf sort km producer. 



Fig. :.. Distribution of heat 
plant** 



in s( cam and ga* 




Fig. 7.— Gas produr*- r with revolving grate. 
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oonsumnd approrirnately one pound, and the steam plant 
approximately thro* pounds per horse-power hour. 8imt- 
'arly. with fuels ranging between 7J«D and 8,000 British 
thermal units par pound, tbn gas plant consumed 2> 4 " 
Pound, par hors«-p„.er hour while the steam plant re- 
Quired 7 pounds. These rVures represent the average of 
» Urge scam of urns of coals arid Uknitif. from different 
section* of t h* ommiry. The following remit* war* ee- 
eured under similar conditions nt each of thaw plants. 

Two and nine tenths pound* of Wmt Virginia run of 
mine coal containing 2.4 per rent moiatnr* per brake 

0 ^*~ poK " r P" r hour ww* rtnulnd in th* rieam plant, 
while th* ru pbuit required but OJt.". pound of th* nine 
coal. 

With New Mexican run of min* oooi. containing I9.tt 
per «>nt ash. th* km plant required I.I pound- per brake 
iiorae-pow*, bnur, nr Jul a little more than of the lifebelt 
•Trado West Virginin coal, and vary miieli Ina than the 
"(earn plant with Weal Virginia roal. 

With Weal Virginia bone eoal containing 44 per rent 
»«h which cam* In such f,w,„ that a grnat deal of it 
resembles! rook and. when struck with a hummer, threw 
out .pari™, only I .lift pound* per booisrmwer hour were 
required. 

Many audi fuel* as th* above can Ik. utilized in pro- 
dues* gaa plants, whieh require, aa m cheated, much l*m 
P" horsn-power liour than tbo corresponding steam 

Umite* usually ran high in mutator*, but make a ru 
or excellent quality. I™ IjgnJu, war. required per horse- 
power hour in tbo (aa plant than of West Virginia roal 
in tbo a team plant. 

Fig. S shows the dialribution of heat in typical steam 
and gaa |>lanta. The heat losses in the two plants are aa 
follows:} 

>Tt«M run. iw 



Bust loss la sabre 

Ileal kx aa radisliaa are! < 
Bamt ton la nccSe , , 
Total k«n in butter 



I no 

21 I. 



Baal km In radial Ion and r«cil„t, 

Meai awl In exhaust 

"••I Ion la lacfcM, 

Heat kwt la auiatarlm 



Total h_u towi u, . „, Ice ;J.m | 
MM enVlmry of plant 



■I M 

4 70 



OAS ruurr. 

Beat ton In ashes 

Heat Ion In rsdlsukm sod conllrut . 

Beat Ion In sruoke 

Total low* to pmduoir 



la. to 

Heat Ion m redlsuua sad rrtcliea 4 an 

Host kwl la exhaust at. To 

Heat ton In Jacfcet eater nn 

«*at inn la aiutllarka 

Tucal'nnU losses* la usUm ptsot HI. MO 

N'«t emeleacr or plant . la an 

Orfclnal raws lu tin real In hoi* ulanM - 
II SOD iuvlr« per rouad. 

There ar» several types of gas producers now in use, 
among whieh are tbo suction typo, the up-draft pressure 
typo, the down -draft typo and the double- loo* type 

The suction producer la the simplest In form. A 
typical suction producer is shown in Pig. 6. The otaro- 
tlon is aa follows: The producer B I, fed with fuel from 
tbe hopper A , which is provided with aom* feeding device 
so that tbo fuel may bo dropped into tbe container below 



without admitting air. C is th* vaporiser for vaporising 
the water and mixing it with tbo air. Tbo steam - 
aaturatod air passes down through Ihe pipe P to th* 
bottom of the producer. O is the starting fan. Tbe 
hot gas leaving th* producer enters a vertical pipe E. the 
upper pari of which can be opened to the air to allow 
the poorer gas to escape when starting. .Thn ga* p*a**s 
down tit* vertical pipe through a water seal to the coke 
scrubber (7. Tar collects at the Iwtlom of K and runs 



Whan producer cm * mad* from coal, iu onrjrtltaenta 
are carbon monoxide, a limited pnreontag* of hydrogwn 
and a small amount of marsh gas- Carbon toonoxidn la 
tbe main constituent. 

Home gas producers embodying special features are 
shown In Figs. 7 and R. Th* producer illustrated in 
Pig. 7 has a revolving grate and an automatic feed. Thut 
ahown in Pig. 8 la a mechauically-pohed continuous gu» 
jrodueer. 




fSh i 



! 



Fig. <?. Producer plant that eoovcrls I be tar Into gaa. 



into tbe tank shown. Prom tbe scrubber, th* gas peases 

into Ihe expansion box //, from which it is drawn by the 

piston of the engine into the cylinder. 
Th* gaa produced by the use of air and carbon only 

has certain excellent qualities fur power puriKiwe. but 
is mlhor low in heat value, and further than lhau In 
making such gas there Is a tendency for th* temperature 
to rise to such a point that exooseive cllnkirring ia pro- 
duced and fuel troubles are caused. The introduction 
of water or steam maintains the temperature at a suffi- 
ciently low point to prevent eltnker formation 1 *. 




A number of gas plants arc provided wtlh centrifugal 
tar extractors, for removing tar. {letting rid of this tar 
after it ia removed U a very serious problem, and many 
attempts are being made to effect an increased utilization 
of this product commercially. Pal 9 shows a ayslem in 
which arrangement is made for eoniertlng the tar into 
gas available for use in the engine. The method i« to 
run two generators on a certain grail* of fuel. The bed 
ia a layer of emit*: the Ore Is built on top of this and 
green roal is charged in over the Bre. By this means an 
incandearwit bed is formed. The draft produced by Ihe 
exhauster draws the gaa downward from the green coal 
through the Incandescent 1-d. and the tarry ™ mI '™ n ** 
are supposedly converted into ga«. The product- ar. 
then drawn through tbe wet and dry .cruM^. ^ ^ 
holder. A. shown in the figure. Ihe eihu..«ter Is siU-'Wd 
between the wet and dry scrubber*. 

With Ihe above system, after a certain period of orwra- 
tioa. the tarry compounds, durt. soot, etc tend to slog 
th* fuel bed and the pull on the exhauster mrreasos. 
Under normal conditions, the average pull la from S to C 
inches of water, increasing steadily. When tho pull has 
risen to about 20 inch**, th* proeeee of "shooting tbo 
hod" si gone through. Th* charging doors and the gat 
valve are oloeed. and steam under (10 to 80 pounds pres- 
sure is turned on under the grate. This jet of steam 
shakes up tbe whole fuel bed and sends the dirt, dust, 
soot, etc., through the by-pass into the other gaa genera- 
tor. After tbe process is completed tbe gas has a host 
value of about 200 British thermal units instead of 105 
British thermal units. 

A double purpose is wrved willi this type of plant, as 
two kinds of gas arc produced the first being commonly 
called air gaa and the second water gas. 

The eyrlem is used by a company in Boaton which, 
however, requires no water gas. but simply gaa for the 



Fig. lOc-Double asae producer. 



Flf. lXc— Freat slew of big predacer. 



fig. U-— Largest slag)* graeralor yet built. 
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racing. Am a result, lb* hod in shot just iw seldom aa 
possible, *Miwrtim«* not of toner than emery nix hours. 

Another company usee a 4.000 tos»Be-power plant of 
this type. ThlH company requires about 2,UM> borse- 
|h» »t for engine purposes* and the remainder of the trw 
for heating, tempering, annealing etc. In consequence, 
they snoot the bed Just a* often an possible, boating it 
up a* rapidly as they can and then shooting it. 

Tar can he satisfactorily converted into gaa uuder live 
proper operating oondiuon*. If. bowevor, the tcmpcrw- 
lure i# not quite right, lamp black usually result*. 



dueer proper ts of simple construction and in made nut of 
sheet steal and channels. It ha* semi-cylindrical ends 
awl Hat KiiU«, as httown in Kin;. 12. The capacity of the 
plant is 40 tons of Illinois bituminous coal per 24 hour*. 
Tbo producer is equipped with what is knoam as the 
"Smith Type V Tar Kxtraetor." having a capacity of 
290,000 cubic feet per hour This) 1st not a <*u1rifutfal 
extractor, but consists of a doul4o-b*i arrangement; it 
Ium no moving parta and requires no water. Tbe tar 
extractor in position on the charging floor is nhown in 
Fig. 13. In thin figure may aim he seen tbe rax exhauster. 




Fir. 13- — Tar extractor far bit producer on charging Fir.. 14. — Charring Boor of hir producer, showing |U 
floor. exhauster. 



Id Uio typo of plant described ah* nr. aa the ash ac- 
cumulates between tbe eolce bod and the rreen fuel 
bed. the plant it intermittent and must be shut down in 
order to recharge. Tbe charging door may be opened 
and the coal charred directly into (Iim producer, the whole 
operation being in full view of the operator. 

Fir. 10 shows a type of prvduoer with a double to no, 
in which are run two fuel tsxts, the nhytrt being to ret 
rid of tb* tar. The ooke which come* down through the 
upper xono becomes tbo main fuel for tike lower tone, 

A plant » limit was installed in the summer of in IK. and 
which illustrates tbe latest type of producer, it shown in 
Kit;. II. This producer is installed in Illinois, and si lb* 
argeat tingle generator producer in tbe world. Tbe pro- 



Pig. 14 is another view of the charging floor, showing the 
charring hoppers and the etiginr-driven gas pump. 

CcntraliraUnti will undoubtedly benome one of tbo 
essentia] factors in productr gas work, and even now 
railroads are considering the question of i net tailing large 
centra) plant* at the ooal mm** and utilising the fu«0 
there. Many important adrantages are to be secured 
by tbe Installation of such large plants, not the 
least of which Ih the practical elimination "t the smoke 
iitilMtikce. 

This atone Is an Important matter for ronsldemtlau. 
especially In tbe case of plants located In large cities, 
f'>r municipal regulations for the suwretsdun of smoke 



He! (hum's War Doff* 

Co\us<:isa testimony to the usefulness of the doc 
has been supplied by lite campaign lu Belgium, our 
brave tittle allies etup1o>1ng large numbers for pulling 
machine guns and accompanying sentries on nocturnal 
duties. Curiously enongh, this form of traction has 

m.ly [«.■:-. iidiipttal wltl;i:j nV "•>"' . l M I M '"■'». |gstj 
Ofteen months ago a Belgian Service paj>er wrote ap- 
provingly of tbe experiment, pointing out that, In addl 
tkm to being docile and competent, tbe animals hud 
become great farorltes among the soldiers, 

Amonr their advantages It was mention**! that they 
mure silently, without apparent effort, over the rough 
etd country, mid that tliey are practically Invisible a 
few hiimlret] yards away. With striking prescience, the 
writer olMserred that the military Ureal Dane* would be 
called upon lo piny a particularly crrectlve nnd glorious 
part, little realising prohably bow soon his words would 
(■come true. According to currcs^HWueuts, the di«< 
have more thnu justified themselves. U 1m doubtful If 
their cupneit) la fully realised by those who have o>« 
studied the question. Over bad les Arctic explorers do 
not hesltats to allot a weight of from 100 pounds to 120 
pounds to each member of the team. 

Aa It happens, tbe military authorities In Belgium 
roast have found plenty of material ready to hnnd. since 
■logs are of considerable economic value In that conn 
try. Something like 173,000 arc In constant tin*.* for 
drawing the small carls wblcb to us are such a novel 
and con^ilcuims feature of life In IMgtusn. Hutrhcrs, 
tiakers, milk vendors, small farmers nil have their dog 
teamsv An early seventeenth century painting proves 
that the custom existed in tho*c days, but It was not 
more than twelve year* ago th.tr n society cam* Into 
tsdng, the object of which wan to encourage ihe breeil 
log of a more powerfiil animal, to ameliorate the condl 
tlon of those employed, and to replace those that die, 
free of charge to all owners who contribute the very 
moderate Insurance premium or two francs annually. 

Kdwoaubus having estimated the dally worth of each 
dog variously from sixpence to a franc. It hi easy tn see 
how materially this canine army contributes to (he 
wealth of the nation. The National Federatfcrti for the 
It reeling of Pra tight lings has n mem tiers!) lp of over 
2,000, and Its oiKtratliias are nnder the control of nine 
nyndlcatea — one for each province. Tbe Belgian and 
Provincial governments, recognizing tbe Importance of 
Ihe work, contribute annual subsidies to tbe rederarlisi. 

In that sad e.xodu* from Auta'erp It was Interesting 
to read that the brave dogs were doing their part, drag- 
ring tbe effects of their baplesa owners or eastms the 
it. time 7 of children or eld people — Tar Aondrm fisOs 
rWctfraaA, 



Red as a Danger Indication* 

The Value of Various Colors for Signaling Purposes 

By William Churrhill 



IIkd ts tsre-emlnently the color which, throughout 
nature, atlracls atlentlisu. excites curiosity, awl arouses 
to fiction. Nature does not make lavish use of tbe 
brtftbt reds and scarlets In laying out her rofcir scheme, 
but when she does employ tho«* hues It is generally to 
bring about definite action. 

Moat naturally, therefore, when It became necewary 
In Ihe development of railroad service to select a sira- 
1h»I of danger, red was tbe color ch<»>en. In tbe course 
of time, green was adopted either for a clear or for a 
, jTiii-iKir* Inilh-athsii, ars| aitnin the poal htaltfj 
years yellow, blue, purple, nnd lunar white bnve hecti 
ait«|ed to the list of recocnlted signal euh>rw In Maaa> 
jdiore slgjials. Kurois-nn practke Ih cuntloe*! mainly to 
the use of red nisi green. Here In America, where 
autotnstlc Nlguallng Is far more extensively developed 
xlmu sbriHid, Ihe general practice ten years ago wn» rist 
for stop, green for cautlim. white for dear. <lf recent 
jeirt most roaias linve adored yellow In nlaee of gTeen 
for ciiutloti and imide irn>eu llu" eh-ar Indlcnttuu. 

Wltsiteier I be system of slninl t tulles tUom. H Is 
■aivliius that tbs-re Is no plaiH> In sdlte rsilnsid service 
for any mao with defective oihsr "r<i*s- or even with 
Imisiln-d vUlon. oule-x full o>rri<«ilon run In- msnle with 
Mtiliable clsmv 

similar ninarks npply to the marine service, lint nt 
sea tlie e»i4bll«bt'd system "f signal lighu make« l«-oi 
deanaml mi the robir sense than Is the <w*e lit the i ill 
txid *er*l«v. 

Tin- |Ni%t fen >ears has wltnesMcd a great Incress** In 
the use of red huhls by ulchl and ml nign* by day finr 
■» variety of nurtilnr lio1(<-tii|4itis erdlrvlt oul-lde the 
• nggMI NMM of the ItlumlMtlnr. Rsgineerlsa Softetjr 



railroad nnd marine w-rvlce. ClMtoao long ago fixed on 
the red Inn tern as the proper warning Indication at an 
tijK'ii illteh or other olwtructlon la a highway or public 
street. When automobile** began to multiply. It was 
sssj|g nnturnl tluit the Ted taiMlght siimild mnks Its 
a|Sjsuiranee and soon ts> made obligatory by law. More 
recently slllt public demnud for belter lire protection 
In hoteK < hen tent, and public halls has riven H*** to 
the haMt of markliiR all evlt» bv red llrbrs: and twiw 
the movement for "Safety First." spreading from tin 
railroads to Industrial plants, baa led to ttM> w1ib*prcad 
Intrtsluctlon of red signs or tights not merely for exits, 
but sl»o to Indleale diinxennis iwrts of mnchlnery. dan- 
rcroiiM liMralltles, hlnU [•"« >t traiiMialxMlixi lliurw, ami 
the like. 

This rnidd Increase In tbe general u.w of red ns a 
eanflonary Imllcntkm obviously gives rise to the uvea 
Hon ns to what we nre going to do to |trotect the color- 
blind Individual for whom tbe red signs and red Ufthta 
may be Ineffei'tlve. According to tbe u>iin!ly accepted 
ataflgtfct, ntxinl I ]ht cent of all males and 1 per cent 
of all fom*>*> are more or \rm coU>r blind, and in tbe 
grent maji^rlty of case* ivil. or re«l ami itrecu. arc tbe 
colors affected. Ought not a enreful linc-tlgalloii be 
made to determine whether tbe ordinary red lleht or 
red sign Is rtHNirnlnrd at a dancer signal by those 
iiffhvtcd with reil 4h1MMM9 If mil. can some special 

provision tie uisde ro agajajf nit i ca^ as srell aa 

ndsisnl lo Iiollvblaals with normal c>c*tgMl Willi this 
ihotnrlit In mlml. a sacuestlon has recently \hi>u hroucbt 
fnrvntrd to a4o|4 wime other odor or colors tlmii red, 
■h g., a eoauUitaibm of >Hlow ami hltse. as a warning 
sign In Industrial plants. The topic U surely a perU 



nctil one, dswervliig of rare fid ronhhlcratbin. mid sh-«ahl 
not ls> answered without much definite evidence, wbtrh 
secins lo be lucking nt present. 

It Is cut I milled that the solar sisx-trum Includes nb>nt 
oner hundred and fifty hues perceptibly different to the 
nrerage eye with npfirvixloAately thirty hues of purple 
ljliig tietweea tbe two extremes of tbe visible spectrum 
Kor signaling purposes It Is obvloua that a color should 
be ns far removed from white or so-called "white 
lights" n* po*«dble; tn other wisrds, should have the 
hlgncM iMswilde degree of "snturnlton,** or "purity," as 
It is frcqncntly called, nnd should have tbe highest 
idiotisnietrlc Intensity compntlhle with u proper degree 
of Maturation, l urlhermoce. the colors selected mii<-i 
Im> »nnVlently unlike In hue to leave Utile or no chaiuv 
of pxaalble confusion. 

The Kallwny Signal Aasociatloo speclilcntlon reocg 
nlxes six signal colors: red, yellow, green, blue, uaujfjt 
and "lunar white" Of this list blue la the least sath- 
factory for reasons to be meulbuied later, hihI In no 
longer used except In speclat Instances. 

The effective range of these colors under average 
w ra liver oinilltlorss when used with Ihe customary scorn 
phore lamp nnd lens Is arairoxlmately at follows: 

Approximate tmaamlsslia 
ra#>mrt(>Dt for ntSDilsrd 
NTMphnr* la Rip 
Culor. rffo-iu- ranar. (oil tsarswr) 

Tied 3 to US miles 0.20 

Yellow 1 to IH miles OM 

Crocn to | miles 0.1T 

Mine H to \ mile O.rn 

Purple H to % mile O.tiS 

Lunar white.. 2 to 2% miles OUH 
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In actual service It It seldom necessary to aon a 
i Xaco feet tOU.an meter.), but > light 
: Intensity to be visible that distance 
would n ,ver be feasible for an Important Indication. 
Volqine of light U essential as well aa correct hue, and 
" doe* oat require very deon* fog or smoke to cut the 
rniign of even a standard red 
mllea <4.K2 klloDMrton) to a f« 

Tlnie dors not permit tbe writer to take up In detail 
'!«• theory of color as It affects the selection of thee* 
six atanilaril colors, nor in olntva the methods fob 
l">'cd I., laboratory study of I to problem Suture to 
-•«? that by repeated melts of all available glasses, irpec- 
tl-onco|w]c analyals. pboioine* rte and service teetn, the 
ttl.-orctlcul IssodblllHea wero narrowed down to alx nefi- 
"t'e tlntec Numerous nervke tests were absolutely 



danger 



On this account red ha* the kiligesi range of 
nil Mljcneil colors. That advnulagc. coupled with the 
fact that no lone a* It la rlnltilc at all. rernnllen of 
dlNtBncc, Intensity, or nlroun|sucre, II rod light in always 
•tud unmistakably ricf. makes It the Ideal color for u 
datucer indication when color bUmlne** can he dfeo-e- 
garded- 

VeUotr. — Yrilow at beat to not an Ideal signal color, 
ltrj chroroatle threshold la much higher than Ha achro- 
tnntlc threshold-, or In othor word*. It can be seen aa a 
light of ludlntluri color moeh farther tliau It can be 
dr-llnltely rerognlxed. Tills illflli-Taltj la. "f course, 
irrceitly Increased by tbe circumstance, that moat of the 
ordinary sources of Illumination are mure or leaa yel- 
Inwiuh In predominant an* and bancs liable lo caws, 
couftralon. The yellow signal may bo mistaken for a 
"m-lsbboruood light" clow to the right of way Home 
reliction rime nxpertincnta conducted by the author 
tivrtlvc year* ago demonstrated tiulto conclusively that 
yellow required a longer time for recocniUoe than red 
or green, and that yotlow and white war* frequently 
Qi beta ken for each other. 

The fact that atmospheric absorption may make a 
yellow signal appear reddish at time*, la unfortunate, bnc 
never n HerWuia obiertlon ao lone aa red remains tint 
Indication. Experience on many railroads baa 
durinii recent year* that the red-yelmw-greea 
evunb"'*" 1 "' dWInclly preferable to the older combl- 
lllt llon- red-nrcm- ""white/* provided standard colon* are 
OM(? ,l throughout 

r/rcc* 1 - — Green I* the aniet effective lignal color 
It la tin-tally somewhat below rod In range. 
I to atmospheric absorption, but a hlulnh 
cre-cn (aPPcrnlBiatcly 5W »»> given very good results 
Ker«al'y lc has been foantl possible lo Inert* ne the 
t rnnsn>la>' lna of such a glass by .IS per cent over the 
present standard without any loan In dlstlncltiena of 
due. nnd It la prohabl* that I bin new raodincatton will 
jjjow resulta | n ranttn of rialMllty nearly aqnal to the 
inroeictit Mandard rvet. 

Since nil. yellow, and arcen nte th* three iirlodiail 
|i>i>K rntine iK>maphore alltnal eolnra. 11 In Important that 
Ml l nlioulil h» v „ npproxlntab'ly the name Inteualty, k, 
Hint ••" "n* ejolor may oven«»wer ellher of Hie otliern 
Whi'li dUlilny,^ |„ more »r lea« elm* pro-ilmlty '■> It. 
It.it Hie of uiimiluatlon ccnerully (nil or 

|,e««n<>^-«c«n>t |, mI ».> are far «tron«er III Jclkm licbt 
ttmn In either red or areen. Thla inenlia. ncrordiiiitly. 
tltat «>>e trannmlndiiD of Um' red mid -creen alannem 
H tl""l'' kept at a mnlluiuan, irtille th* yellow Oln 

preiim-rly 1m. „„„e»hnt reduced bi-l<iw the hlebe«t Inlen- 
„lly |«.Knlt,i,. ,„ ..i.mi,,. 

Ittui: ttloe nml piirplt- arc *J.nrr ranis 1 bntlealk»ti» 
tH'<atme 1lk«> prnfMH'tlon nf bine ami ileep red contained 
In tttii II Kbt of the son rem commonly employed In 
extremely mnalL Both these ealora D «at. ot iwcMalt;, 



'Mileli mum* In? efTcctlvnly nlmiibited In a Islwratnry. 

IT.Hhee eertnln definite change* In Hie apinnirnmx- ot 
"N nlxnnl llrhla All colon aeen at a dl»taiic» are 
shifted more or leaa In hn» toward tbe rod end of the 
«l«i trum, Tbla eSerl In. of cour>e. M npnamit In 
'"it. hiiie. or Mwohei nt tlmm It l» "tronjt eooBi* to 
make a dull green out ot a blue tight, a yellow out of 
» "white liicbt." a red out or a yellow llirbt. 

A few renin ran na each of the recoanlied ulsnal eofcim 

/fed,— To normal *fcrfou ml la beyond all <|uemluii Hie 
luoart etfeetlen color for a ilanser tditiial. It In quite 
I rue. of rourar. that tbo eye In far more Meoatlre to 
IlKllt In Hie nblille of the ■pectrom than toward either 
extreme, but of murb jreoter Imiwctance In Ihe fact 
Hint an tbe apparent alae of In. wiiiree dlinlnbvhea red 
never eea>en to bmk red. ttn chroraatle and iiehroinatlc 
llirenbold are nlwaya |be name Thin In not strictly 
true of any other color, altbonah a itood nliciiul freen 

Ite.l has Hie further iMlvantaxe that the lntcnnlty ot 
III*. lUbt can In. Iix-reiised by the aildltlolt of u counld- 
. ifil.le |nrocxirti<ai of reddish orainre llifht (ttOl-oHiVs I 
vvl I ho*llt a pt-olnnilKTil rtiailCtt of hue lieeullse the eye In 



transmit quite a proportion of Mulnh Krsen Ucht In 



Blue llxht la so rapidly loat 
by ntoMepberlo abaorptlon and retlacUon that the color 
of the blue alrnal tends to become distinctly ■creel-lab 
with distance. On that account blue never Elves a 

ha ring bmn larrely supplanted by purple. 

/SirpJr — in a Mandard purple alirnel ukasa. tbe pro- 
|n-irtlna of bluish croon llfht transmitted In mffvrt by red 
rrm the extreme end of the spectrum. The riwult l« a 



tbe color ncnle from b.nlli elamlanl red and ntmnlnr.1 
green. Tbe chromatl*' alrftrratlan of the eye In ntrlk 
listly aiitwrent In tlewlng a inirpl*-' ^etn* at a dUtuitee 
nf l'JO feet metcro) or m«r». The lln-r.1 niiprom 

or.ll.iarlly ta a purple spot with a halo of .lev 1 ! 1 bluish 
llghi nurroundhig It. TliU effect l« varlenl ohiic or le«* 
bv eoDilltli>li> "t nntlinnnrj-iiu. an In wafl known In 
<i|ilit)ialmolOftintn. Hoch a ptiri>le prndoc*^ a signal Imtl- 
catlnn whlcb for illnllrictneiw comparw rather favorably 
with tbe other colon*. I'nfortuwtely ll« u- Is renlrl<1er| 
b) tbe fact before mentioned, that Its total lrall»ml»J.n» 
anil range of visibility la low 

/.oaor ll ai/c— While ntiMlyliig the pr i -''lei» cuf bow to 
temler the yellow si-[tml more efTf-ctlve. the wrller wns 

I* mado awful its an addlrjnnsl liKlteatkm and wonUU 
In «<in>e lynperts. In' preferable to yellow. By means of 
ii iialn blue ela» we are alile to ellmlnnie enough of 
INc yellow In a kerosene lluroe or iLrnndeHcent lump to 

l»iider*iiice of blue. Thin new rnnjelblllly wan rnlt*-d 
"loruir Willie." ;ind htm come Into use an a clear Indi- 
cated for nwliehen on n ninnlnr of roads In actual 
service ft tins licjvon to be at least an distinctive a color 



Tin- cwtahlUbcil system of railroad nifnal colors 
briefly mcnUou-d aliove l» banetl on the aMumiaiun of 
normal cwlor vWoo. Hot when red In o-el aa a wani- 
Ing elimnl for lite K«-iierul public. Ule <1uestloci naturatly 
urines whether red blind IndlvWuiil*. «re proiwrl.v |.n- 
teeted- It Is reasoteiltle to assume that nliout 4 lstr 
in-lit of all the drivers of nutoox-bllc** mid other vchlclca 
ure color blind. Defore tbe ImisTtatiee of ellinlnallinf 

II wu. morally certain that at 
were caused by defective color nens* It U hlirhl}r prob- 
nble that at the present time some automobile aei'Mefita 
are due to tile nme en use, altlluugh defuiltc evidence ba 
very dimcult In ot.lnln. It U hardly lo be expected that 
nil antmnoMIe drivers could be eooiiicllnl (o pane a text 
for color vision. Nellbnr In It fair to Ignore the color- 
blind In establishing a standard warning Indication for 
vehicle tall lights, highway obstruct loon. Are escapes-, 
mid similar purposna. 

Should not a serious effort he made to determine by 
artlial teats with a Inrge number of cnlor-blllld nuhjecta 
wlielher the prenent red nlgDala furninh sulnclent pr*> 
lection? It Is rcn-uwnble lo assume from what ta 
known regarding the peculiarities of abnormal color 
vision that a rod Mind Individual will percelrr the 
avoragn red light as a yelh<w of mieoe sort, ami that the 
yollow In such ease will be of low Intensity. As the 
color exhibited tendn toward orange, the hue In likely 
li> become more dl-tloct. and Ihe loteiielly. of nsirse. 
blither A purine light prulmbly iippearn blue to the 
rctl-WInd subject, and Is at tlmiw eimfusisl wilb green 
IlKhls on that account. This b* one of thn frequnnt mlav 
Inltes mn.de bf wlor btlnd persoos niulerin^nc test, tint 
cither nn ornngcred ur purple light |creeotnn!ily la 
much ennier for the red-blind or red green blind to rec- 
ogtilxe limn nn ordinary red light It would be n waste 
of time t,> niwculate on this [stint, but a carefully con 
ducted nvrles of testa would anon bring some definite 
cvtdenct? to light. 

If either a reddish orange or a purple proven lo be 
distinctly better foe abnormal color sense, a standard 
nhutle cuuld easily bo determined which would be en- 
tirely tuillafaclury for normal color vbdoa. incident- 
nlly there might be some advantage In utilising a hne 
which would be somnwhat different from the standard 
red of mllway service. It is the cnnntntit effort In sig- 
naling; practice lo reduce Ih* number of red light* 
visible, nhuw lb* right of way to a minimum, so that 
red mny Indicate iioly two |stss|ble condllUios to the 
ciMdu-L-er's eye: a -hlgti-sigiinl' 1 -wt at danger or a "lall 
lUhf at Ihe rear of u train. 

I"arnllel lo the Invesllgntiou re^n^llng Ihe perception 
nf red lights by Ihe color bl linl. a study should be mad* 
of ihe |^Ht idgnient *-olor or color* to use for danger 
liKilcntloiis. It woold neem ilodrahlr. In this coniner, 
1 1 11 "- Hint a standard danger i*y, nDII | !«• deteltiped and 
liniile Ihleruatlotinl. Junt lis In Hie murine service all 
iii*-t llie worlil green signldex a slnrlnanl light and re*) 
n |-ort light, such a symbol nhould be simple. Nut aa 
distinctive aa a red cross flag, ToeoreUcally. a circular 



blue or orange hand lDcloalug a red cenler would seera 
lo fulflll all reauiremenia. II would be more slrlkliK 
In aiil-enranee tlian any mere black and white sign and 
It would furnish ft colored Indication to all types of 
color vtsbw except the very rare cases of total color 
lilfndnesa. Practically no loatsirres are found where 
for Isoth red and yellow of red and blue" 
la lacking In th* sum* subject 

Koch a symbol nnd such statitlnritiratlon of practice 
concerning lights for danger IndlcaUons In piihUe placea 
or Indnslrbtl plants might render some real service In 
the cause „f -flnrnry Klrsl" 
eliminate one ls,~.tble cause of I 

Ben Frankun ViniH rated* 

Tux deelino in popularity of Ughtnilsg nsin. foil* > wing 
the pernicious srtlllly of ranealiy agi nu. b«*t a stain on 
the Bcicotiilc reasitutioa of llw irri'sl and wise Best frank- 
lin, who devolopeii thif protection agninst thunder bolts 
ScientisU have stoutly clefeoibst the value of nueh oqulp- 
Dletil, if well pil« np. hul, nerrrtbrleaa, pnctlnal own, 
often rpivkhur from l>itucr experienee. havn maintained 
ertntinuounly for gcneratioiui tliat the rods haie proved 
worse than unclean. 

Two valiant dcfoiwtexi or tbe faith. Profj. J. B, Itey- 
noldn and W. H. Day, of 0u> Ontario Agricultural Cub 
Usee, not contented with tbe iDoooeJuelve deadlock .if 
theory and claimed fact, net out to find the truth in 
practicable deratnlnlrable form. Kite ton yesjv first odh 
and theni the other ioiluslrioualy collected ail po«bie 

n^igT*Onit*rii>. At the widof thin Um* (l«10). they had 
data on M» buildings struek by ughtniug. Of this 
number struck, S17 or M.li per ceat. were burned, hut 
only 1H of the ImiMlngn struek. or 3 jier cent. Iiad rods 
and only Ihreo of these, or lli-fl per cent, of the protected 
buildings were I turned. Having these interesting hut 
incomplete furore., Ih. invc.llgaU.rs desired to kn-iw 
further the number and entwine* with unrodrlod build- 
imp* in the provinen. » that they might complete lleatr 
r^LuU rea*.l0iw that if rods neither prevented uor in- 
daeaal strokes the rati" of u^nuufed U. 
tunm in tbe unproteoUsi ri«k« would be of tbe «am« 



order of mmmituele as in 111* ct-e 

Ureal diSeullv wa. found in necuriwt the desir,sl dauu 
,.. however, the provincial mutual «n-»~« 
.npunKw -weri, ^^^^rt — 
coverin* about » f-rlh of « te JJ'"" 0 "."'"! 
alter nom. delay. ^^J^^ ^ ^ 
^'t^liit^'^^ Of 7.000 tm- 

pr^ied hdUlrkt.. 37 *"ce .Uuck. out uf 7/MO I-.«ceted 
orioa *nily two were Mniek. Tlenrcrore, io wero saved 
out ol 37 expected to be struck, or a probable protection 
of £H.5 par cent and Ibal with unimpeded rod ooxartnie- 

tloh 

Prof. Day visited Iowa and Michigan to iupeet tli« 
iiiMinuiee roporu and method* of protection tiero. In 
Iowa, hn fnond that Hie total elainu paid for lightning; 
(lanugo in eight yearn amntinUsl to H.464 on rotiued 
buUdlno aud »MI,fl6.S on luiprolofted ones. Appar- 
ently then, for each dollar paid ou tutMed riakx t?0 was 
paid ou uorodded. The rods were not i rupee ted and 
some of the kieaea probably wore due to poor roanlruo- 
tiofi. Kven so, the protection shoa-n aas 9K.7 per cent. 
In Michigan, one mutual company insuring only roddori 
and iiinisected baiWings. in four years itaid Sti eiainui on 
*oo,l72,07,'> rwk. Another niMtual compatiy takirsr both 
Iwotoelod and ordinary risks pant $32.2110 in claims on a 
total of |A4l/n , t7jJ72 in the name period. Tbe loan waa 
practically all on unprotectod bulblitspv agxregatirut 
»45,7.'W,SIS in value of ruhl. Comparing the two com- 
panion, for each II ilajruuro on proti-clett buildinga there 
seemed Ui bo paid II.I6H on unprotected ones -an ol»- 
vioua pmt,eliou t»T 90.V |sir cent. AU this and m.ire in 
nel forth at length in a recent billklin of the Ontario 
Department of Agrioiiltiim. 

Retrsrding tho toeluuque of the rod construction no 
sueeesstully employed in tans* states, it is of fntemsi u , 
know that, where Vnirwledge waa available, thnre a)>- 
peared to have btwn uaad more kes of an a|>prnachj 
to a cage of conductors about the building. The roils 
were fastened both close to and away from bundiitgw 
but without liwulntors. Dooply buried ground platua 
and rods were found aud wbero these grnuiiilingi pmvod 
dnfootive there Invariably developed dviant**. 

The wnrthlesiaoia of the old lightning rods, of courssi 
waa the fault of the loquacious fly-liy-night agent wh*> 
cardcealy put up his cheap affairs, gathered his money 
anil disappeared, leaving disaster and ruin f>*r many a 
farmer on the approach of Uio first heavy electrical 
stortii. A deliberate cajupaign to diierctlit thv great 
Aliicriean philos-tpbiT and patriot coiihl not have worked 
us well. It is a s.Han-e .a* much -nllefactioii to nn. deouiu. 
which substantiate the s^indi,™ ,«• l.„ KieuUfio 
as well as thai of a hmqf line is! later phyiicUts. 
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Tnr movement Tor an Improved fire alarm system 
fur the City of New Vnek which tho present administra- 
tion ha* taken In hand, wm started in December, 1004. 
when the insurance com panic* urged that a commit toe 
h* appointed to in instigate the situation ami make a 
report of ft* findirupt. 

In 1906. the Kfff York Board of Fire Underwriters 
made a six months study of III* prol4em and rendered 
a report coodemrae the preaent ijmlm M beyond repair 
This investigation wm limited to conditions on the inland 
of M miliar tan. 

The following year the eiry itself took hold and in 
Moreli. l?Hr7. preliminary plnns nnd specifications wen- 
prepared for a modern fire alarm ^vstem fur the Inland or 
Manhattan, hut there wna no attempt to engage in Um 
work of reconstruction until about four years later. 
Small appropriations were set aside fur thin much needed 
impmTement a* Mfif na 190:}, hut those funds were 
largely diverted to keeping the old system in operation, 
and In tho ten year* which followed the money set aside 
for installing a new fire alarm syHtem, In all borough* 
ban aggregated the substantial sum of $1,600,000. That 
prr-arr**** toward reconstruction has not been ncenm- 
pi is hod is a matter reAWling little >n«\ n . being: born of no 
definite plan of |>rncedure. 

The pro] i mi nary plans required the building of tin- 
now system before the abandonment of the old. This 
course should have been followed, but unfortunatelv 
it was hot. and the new contracts that have been entered 
into ngjrrvsTatc too small an amount for economic han- 
dling, and constitute patch work at hich rate of nasi, 

I see* no valid reason why the practical installation 
of a fire alarm system for a lance city should follow a 
different course titan that usual In Important engineering 
operations of other character. There is a certain economic 
relation that must be maintained between the supervis- 
ing staff, or overhead cost, anil tho soopo of the work 
itself. Proper efficiency cannot result where (his fact 
L* disregarded, and my efforts during the past six months 
hare liecn devoted largely to aoreleratlng tho work of 
bringing outstanding contracts to a close and to raising 
tbn standard of the bureau staff to a point where greater 
work can be bandied with increasing ease-. 

The acreoniont by the city with the Empire City 
Subway Company in 1801 makes it mandatory upon 
that company to provide the city with web duets as 
may he needed for the Are alarm wires in all streets and 
avenuo* where subways exist, or where there may he 
a demand for subways: thus the city will tie able to in- 
stall the modern ore alarm system without construct Irur 
subways, which offers an advantage in time as well as 
in coat. The saving will extern! in like manner to the 
Bronx. Brooklyn, Queen* and throughout thst built 
up portions of Uiehmond, as it is proposed to pursue tha 
same general plan in all borough*. 

In taking up this pnddem, my first inclination wa* to 
learn the disposition made of outstanding appropria- 
tions, and the extent of new work that hail been under- 



taken, which I found to consist of the following: A 
new central station building for each of the three larger 
boroughs, Manhattan. Brooklyn and the Bronx; under- 
ground service cables for connection to t 118 street hoxns 
tii .Manhattan; simitar underground installation eon- 




This old fire department bell tower, still standing on 
a high point in Mt. Morris Park, Borough of Man- 
hattan, is the laat of twelre look-out station* located 
at places ef advantage, such as the cupola of City 
Hall, and the public s* irk eta. 

Tats aietba4 *4 ft l tic slsrms at* fir* New Tort ettr o>- 
pemlnl tiptm until 1970, whea 1** srsteai sew In use was 
t is ilea 

nee ting 19? boxea in Brooklyn; an important under- 
ground feeder linn reaching to sosithwest Brooklyn; 
bridge cable connecting Brooklyn with Manhattan; un- 
tlerground service rallies fur eonncetion to 119 boxes 
in the Bronx: a wimilar unilctground Installation eon. 
neeting a street lioxns in Queens; a supph of li.tMi alarm 
post basea: a supply of 300 cast iron manhole frame*, and 
ronccuirntiiig subway* lending to the iv* Manhattan 
Central Office building and the umilur building in tho 
Bronx respectively. 

Them contract* aggregate about one- third of the total 
appropriations made thu* Tar, and all of rltem were In an 
unfinished state with the exception of smaller i toons, 




After the »sns storm* of Marrh 1st and 2ad, 191 s, mile after mile of •ire aad hundred- »r poles lay 
upstn the hI recti* of the outlytag borough*. 

Tli*' laasaaasfJI w*r» at US-lr «uni fas tb* Brttns. II roost; a. sae flkhnwaaf where eJtctrlr llsjbc, tcstpboaa. tslsgraj* aas) 
bra alarw sire* arses l*a*H<l losa-thr* la a BopsOau mb. Tt'Kh the aceseat "oerraeae"" Arc slam ptaat, New York ritj 
la in Oaagaf of MfVxia moflax ration abuulit a lr* brasa est at t tlise woes tba UaVgrapti .Ir-olta art (Mferatlia 



reproaantinc a total of about A per cent. The uneneuit- 
berod hnlMeaf wore about equal to tho aggnarate of Ua> 
contracts placed, leaving a remainder of about onn llfcil 
of tha total appmpriations diverted to other uses, prin- 
cipally that of maintaining the old system. 

Before describing the proseot day condition* and plans 
I will refer to tiio early history of nre alarm telcgraphi 
in Saw York City, from the beginning In tho year 19& 

At that time the fire alarm plant consisted of tvattr 
h, || i, ....p. ,, r |, ktj»ti<-n«, l-v-Ated :it i« ni . 
advantage, and the mode of operation was U> watrh fte 
smoke or other indii-'alionn of tire with a telescope ud 
to abxnal by mttans of the Morse telegraph, directly W 
the central ofilee. The signal was then communicated 
to the department by striking: tho holla at tho tw»lv* 
Ml tow ore. 

The central office at the City Hall was tiie tenniius 
of four lines of wire connecting the Post Office, Yj—i 
Market. I'nioii Market, MacDougal, Jefferson and Slit 
Street towers. In each of those stations wan a nun 
circuit magnet and bell, and a circuit breaking kei. 
The signals Indicating the district* in which tho ar» 
was located were sounded on those bells, with the numeri- 
cal designation of the station giving tho alarm. 

The elty was divided In eight districts, the first tsn 
being that part of the city above a line drawn throve t> 
22nd Street. In these districts the sigtutis Wars J track 
on the fire bells by the bell ringers in tho towers, ani 
were the only guide tbn firemen had in locating a fire 

From the central office eleven lines radiated connect- 
ing the engine, hose and hook and ladditr cam paai 
houses l»eow 14th Street, which, with the iutruaasou 
placed in those houses, was known as lbs RobsntOD lake 
graph- 

ThM primitive system was soon found inadequate, aoi 
in IS70 a complete new installation wa* made at a BMl 
of S430.000. and i eluding about b7H street alarm sta- 
tions). Tua) rooorde of the department show that fee 
diificultiea were experienced for a period of ten years, 
in fact many decided improvenienta in its working met 
tsTcrtcd. oud that imtallation is the basis of the prerenl 
day lira alarm telegraph plant in the &*mgh of Man- 
hattan. 

We thus come to tho year of 1S81, and it U inleei>v 
ing to turn to the records following the nlocms of that 
year. The description of tho damage to tho fire aiarss 
system that winter to oloaoly reaemble* the condlthin* 
reportod in March last, that 1 quote the exact pknan- 
ology as I find it in the year book of that time, as follows - 
"An extraordinary aleet storm occurred on January 3M 
rendering tlie nre alarm telegraph so nearly inoperativo 
that at one time there acre but six of the f»7H street 
alarm l»otcs in eonimunieation with the central offlW. 
at luudquurtiirs, in eiinsc^iucnee of the prostration of 
the wires. Since it became apparent that tho telegraph 
would be endanceroil, strret patrols were cstabhshol 
in iiaeh company district for the discovery of ores; the 
commuuicatiun of alarms to tlso companina requind 
each rMpouse by moUaVttd iletails; the diseonttnuan*** 
of all leaves of absence; ringing of the tower bells fur 
fires and detail* of men from the upper to tho lower 
part of tiie city." 

This aarmut situation was followed by the pa->ii»j 
of resolutions and much public comment, but his too 
rejienls iteejf and the public wwn quiets down after a 
critical moment is past. It therefore is not Nurpritsuf 
to find that the storms i*f 1WW and again of HH4 eom- 
p|t ii<h dcmoJisli^l the fir*- iels«rnph system not in Man- 
hattan alone but in Brooklyn. Queen*, the Bronx and 
Ittcbniond. 

It is a matter isf i *|»ncnec that whenever sersou* 
trouble nceurs, affecting nsany tif the line wires, the alarm 
load goes up correspondingly. Tho fact make* the 
n Itl "lily nf the alarm gyatom doubly essential as it » 
during high winds, sleet and snow storms, sir utow 
eircumstnnccs likely to threaten contlngrHlion tha* effi- 
cient oi>eration is mmt needed. 

Through Hhevr goud fortune New York City has pa***! 
through three sensational monM<nU when it woubl seem 
that only the pndeciton isf a lnsjbir pownr baa saved 
it from gnat diMuicr. 

In a large city like New York the opcrution <»f ihc 
lire alarm Is an -omHidted nunnially. Many attempts 
have been ntatle in thti past to devise means wherebv 
the full operation might be |»efonned autoinatieally. 
but so far txine has tHi<n evolisd which it foaasbUt an I 
wife for a I » a'* « <'> In the present installation there ar»> 
two distinct <' lasses of circuits: box circuits and cngise 
house circuits. All street fire alarm boxoa In tbo Greater 
City are operated on 'Vhiood circuit," in other words, 
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rj?**"* cor "* UIlU y B«»iiw *nd «!>• mUirrupuun ui 
Mta flow may be iU.lerMxl nt unco at th» central oBi..«. 
In iti»t «-«jr the viwntnn at all times know the conilltion 
<* their Ho™. 

When a ■treet box U "uulW th* elook work roo- 
'•luini, m i„ tin box roUtoa » dbk bavin* notch™ cut in 
™* Periphery, which uuw« a switch t*> open and cIom 
the circuit periodically accordinc to it prcarraiujod older 
«r time intarral. Thi»o)».r»tl Mn causes a certain number 
"f Upi on * bell in tbo central oflro, ami a coirospondlng 
number of dot* on » register tape, whk-h spell oat th* 
number o( tho box. Upon receipt of tha dgn*\ the 
operator tmnsmitji It to the engine ccrnipejuca. 
\ ilautf«iUy the central offum must l>* mrniuniW by 

overy posmlrb. safeguard. u in security b vital to the 
„ *Uece*« of the entire lire cxur^lshing tore**. It wu 

strongly emphasized in tho preliminary plana that the 
central oDic* of the ftr* alarm telegraph system should 
th *> maximum degree, a| pruierli-m again?*! hazards 
°f every nature, ami in order that it should occupy a 
pbseej which would form an eeunotniu and safe center, 
vt WH ° ^°* JI »eode*J lliat thn i-cntra! office building Tor 
ManliatUn should be looted on Transverse Iload No. 1 
running Uumiigb the southern sertkm of Central Park, 
which it « sunken road, conecaled from view; but th* 
"n*J disposition of tbo matter a* the result of recom- 
tuendalions by tho Dupartmont of Parka was to tonal* 
»*■ building an Transvoree Itoad No. 2. The fact that 
tho building ■> in the park in an unquestioned advantage, 
nut unfortunately thin particular location la surrounded 
by hazards which will neeasMlate additional work to 
indium safety. It is obvious that the presence of a largo 
body of water, such aa now exists in the lower reaervoir, 
Approximately ISO feet north of the site selected for tho 
Manhattan central offlco, w a hazard, aa are aato the 
prnaefiee of a JO inch and 48 itfe-h water main in tbo road 
Immediately in front of the building and the gas mains 
which lit* in the aame street. 

In Hroollyn and tbo Bronx the sitca selected for the 
new central office buildings, were in puhho parka in each 
instance, hut the haunlous conditions mentioned in 
rWVrer*e to the Manhattan central office are not present. 

In plan mug the ligations for the street boxes, the gen- 
csraJ rule now followed is that a box will be found at every 
other corner. In some instances exceptions are noeeaw 
nary, hut the tendency is to Increase, rather than dkroin- 
ifdi, the frequency at which tho boxes occur. 

The fire alarm service to schools and city buildings 
uiuat iM**a*artty be treated aa a4lditir>nal to the street 
box sit view, but in a similar manner. 

lib the purpuae of the present administration to place 
all iH*w wires which form the ftru alarm circuit* nuder- 
grouDd as far as practicable, and the specifications 
adopted for these cable*, require that they should he coin- 
|kih«mI of solid <*onduetor* of soft cupper of a sixe cor- 
nwponding to No. Hi R. AS gauge. Each conductor 
ahatl lw tinned, and insulated aitti a high grade vul- 
canizod rubber compound, the thickness of the insulating 
wall being not leas than :(Ot of an inch and :itl per cent 
fine) Para ruhU-r compound with mineral hase will be 

iimuii iii 

Tho central office equipment In the ease of the three 
boroughs in which new buildings have la-en eriH-Uid it 
yr*t to b*? dcesgiind. 

Th«* new installation will he .<*» plann*Ml as to enable 
it |o o|rt*rate in acrimianct' *ith the |»rv*cnt routine t.t 
the tMimpanise »nd ofHeern of (hi- depart tm-itt, and to 
bJIdv f° r "uffhwnt flc\ihility >wi iu- to lie readily ailaptnlilc 
to nn>' '•hang*** thai may in futun- he eonsiden**! 



entirely too slow a rate. The nurk has Iteen pmaecuted 
under many dlnad vantages, however, and the appro- 
priations have been adequate only for imalt extensi<ins. 
Th* work has also been delayed through the impractical 
procedure of attempting to make these extensions 1*for*« 
a complete plan for the entire undertaking had ttcen 
prepared. 

In past yean, the city has availed itself of the oppor- 
tunity offenn) to attach its aires and <*ahlns to the ele- 
vated railroad structure and while this method scrvc«l 
its purpose U> a large degree, it was at the licet a make- 
shift It was regarded at the time as the 1 mi*, and cheap* 
eat method of providing a support for •*ahU«, ami at the 
outset the cost of maintenanre was small, due to their 
being less liable to mechanical damage, and the oasa with 
which troubles could be found and removed. This, 
however, was when the elevated trains wen- operated 
by steam, and tho third rail carrying electric current 
of high potential was not present. The da-igor* from the 
power current, and the excessive deterioration which 
has taken plure in these caldcs, has caused this installa- 
tion to be regarded as ou« of the must unreliable elements 
in the fire alarm *ynti-m at the present time. 

With the consolidation of the live boroughs into the 
greater city, the problem* ami difficulties of a better 
fire alarm service became greatly inepHUHsJ, aa the out- 
lying borough* had merely a semblance of a Am alarm 
system, and this of a most inadtquste rharactex. 

It is interesting to note the manner in which the fire 
alarm »,VNtcnt in the Bonmgh of the Hronx eame tnP> 
being. When tlMi lost attempt was made to nioderala* 
tho tiro alarm system in New \'ork City in the year 
1870, covering at that lime the island of Manhattan, 
there were 700 boxes installed upon IM circuits, and 
«ubscque>nlty these circuits were extended to the present 
Borough of the Bronx, and soma rUSJ boxes added there- 
to. Stnoe then from time to time new boxes havo been 
added until these original circuits were carrying a total 
of 1.360 alarm boxes, with the result that some of the 
circuits were too great in length, and all were so over- 
loaded as to militate against their efficient operation. 
This condition has bevu relieved in n measure from time 
to time tlirough the eonstructkiD of additional ltn<*>, 
but the l*d planning of Uie original instalhition is evi- 
denced by unfavorable conditions which are still in 
existence, Tho Borough of Brooklyn has suffered to 
an oven greater extent tlirough thin aame difficulty, 
and U In a seriouM coudilHJD in thb respect at the present 
time. In like manner tho circuits in the Borough of 
Queens and Richmond are emrifd for great distances, 
and serve many more boxes than wonld be oomUlorod 
projwr aith a itsMUrn installation. 

The entire extent of the circuit mileage ioclading both 
the underground hih! overhead wires aggregate In th« 
live boroughs between .'t.-UKI and t .1 a«r miles, and it wilt 
Im' seen Trum tin* tfeal 'he more substantial the method 
of installing these conductors, the lew* will be the cost 
to maintain them. 



The iwohleni, tlH-rrfore. » to create om promptly an 
I^Htsihle an adrquat*' cable plant tbst aill provide for 
sueh future erowtli as ma> he n«o»iir>- and which will 
efficiently operate under present service requirements. 
These cable* when installed in the > vi-ting uniiergnmnd 
conduits will provide Ibemiwt im|tortant single item of n. 
oumplete modern system. The system In the various 
boroughs is at the present time so antiquated as to bo 
virtually a dit^raco for such a municipality as New York 
City to own. Some of the original apparatus installed 
from lS6i to 1870 la still In service, and it is safe to any 
that with the except ton of the central onVe of the 
Borough of goeonx, and similar installation in tho 
Borough of Richmond, the entire telegraph rtystrm of 
the greater city la obsolete. 

The Hue plant in the various boroughs is inadequate 
and unsatiifactory- Sewnt v-fiw |kt i-*<nt of the area 
of Maiilottuu relies for protection upon two eable* on 
tho elevated structure, which are cxpoaed to con>tant 
dangvr of destruction. In the other Itorooghs, over- 
head construction m almost exclusively ui*d, p» uniform 
plan or sytttem in muling of the varum* lines has up to 
this time been adopted, and an a comequcoec them Is an 
intricate net work of interlaced circuits difficult of *u pie- 
vision and maintenance. The hick of Nvntem in the 
planning of the cable plant in tbu various boroughs is 
probably rcepoturible for not only iimw than one-half 
of the trembles encountered, but a1-*> f<sr the malntiTjance 
of fifty per cent more wire than would be ne"*uau*y. 
tf the most direct routes had Ihh-ii fmloaed. 

A lsrief statement of th* scope of the new plans as they 
are now Iwsng prepared undoubtedly will be of Interest, 
and I will include sufficient details to give a praeiioal 
idea of the characur and extent of the equipment pro- 
po*ett for cai-h borough. 

MASHATTAX 

Tlie plan of street box location* provides an installa- 
tion of approximately 1.660 fire alarm box poets, so 
■pared that a p*r«oii will not have to travel more than 
4O0 feel from any point lo the nearest OTe alarm IN* 
and In manv nu... especially Ih-Iow Fulton ***** "JJ 
distance will 1h> much loss. It is pnipfssrxl that all «f 
the feeder and dbtribution wlras shall t« in cables MM 
underground, which liwurcs the irreaiett 1— ****** 
ngainst interruption as well »* maximum hre. 
thb naosx 

The new work pn.poatd f-r this l«o.ugh wdl I* of 
.ueh character se to constitute a ten year layo^ *^ 
The majority of the feeders will eonalsl of earnes entirely 
underground, a. well as a largo proportioo «f tlss dxs- 
tribntSon eircuiu owing to the availability of eonauita 
which have been or will bo provided by U> commercial 
subway eompattles- 

■aOOSLTa 

It is proposed to provide a pemuxnent installation for 
one-third of thb borough, as the va»t extent of the 
borough ui lUdf nukm the plaiiniiig of a modern Are 
alarm inslalUtion a very difficult and expetwiie problem 



The Are alarm equipment in 11m> outlying Uiroughs 
H i»i»tt-T of no ninall a^nortartee. e-ojH^ially in cim- 
j«*quericc of the ennniMiuii i or r ruse in tb«- uuinlwr of wiro 
roinprising Uie ch*< trieul iy*tem«. the majority of which 
^r,. still carried overli»swl on pole huew. The interference 
of ele*'«ric light wir*-» with th<ew* of the lire alarm t*h> 
jp-itph is a source of eonstant naneftae, In a ■ttaTnW of 
inainn 4 * 1 * on rsgsjgsj, stm-t idarm box circuits have f«.r 
hour" been rendered uscbwn through the destnietion of 
the etoctricul i n .- haui>in of the boxes due to the crowing 
Of 4<ondu>-torM with wlrsss carrying heavy currents of 
digb iHitcntial. The danger <s* such interference MesJ 
iMsrxlly atutcd. though it will bear reiteration to aa> 
l bast t ha rirnt Mgsja>||l after the outbreak of a fire an- is* 
inoob-ulablo importatMi' lo tlw- firs; department, ami 
jtnytMng t<.,j,ii niE u» ilafllll ■ it of the quiek<wt methi *) 
of avvitinn notice may carry »ith it most dwaMrmw 

iirol ruinou 4 LMmsequcwsw. 

The? ou|y BmnDCj- in which this constant source of 
dtflV'iilly lllft ^ permanently l»e eliminated i" by the lay. 
lal °f all eondiietors umb*grouniI. Tills is the chief 
pgtM**m itu-idcDtal to ibe eom|4ei|im of nunlcrnlxlnig 
Sow Yorfc City * hn- alarm plant, and msasures must 
bo taken. w proceed with the extension of the under- 
ground «y Mem in wn h manner as will enable the work 
to progr^M* utxb t a uniform plan and not by picnunMMhJ . 

Tho trn>iwforring of the rinafti al the subways, whic h 
waa begun on tho island of Msahattan as early aa ISHft. 
Uae Vo Houi« ex Wot been ivutleuml each ywar, but at 



saa>« 




iiiiiitiiUIRflftniiliiitiij iiiiiiini ^' 



Is?' 




Hre Alarm TclegTaph Bureau Central Office at Fire Hesoqusrtera, Borough of Msahatian. 



ghwalag the nUrm !•<•« cln-olc >witciitx>*rd «b4 rsxelrlas; Inst*" 1 
Ue uu.riiiMK twu 0J1 Mnrrat* upurabirs w*l<b e»er t»« lives «ud P' u Merii «« Msnhstfaa |«Ud4 
Borough from to* aerssd of flrs Ospaads larftly npaa tb« slertueM a»i a«uracj <* tbaw i 
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Google 
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nnlctu taken up lit Rul>-divisujci». and the- 
each solved according to Local conditio >hm, owing to tlui 
reiativtdv undeveloped character at tie property i>n on* 

old* of tho borough a« againut that e* the other Along 
the water front from Xewtown Crwk to mid 
Coney liilaud. valuable properly *tnl many lii 
.take to-day throagh iiiadrtjunte fit' alarm protection, 
and in thia important wetian it in contemplated U> in- 
«1all. as promptly ax appropriaviojo, <-*» l» obtained, a 
modern ayatran. ThJ» installation mill he citended to 
Itwllldo practically one-third of the rutin- aren of the 



borough, leaving the rviiuiiiitw port** to bo trailed 
aft/f the Ant undertaking in well under way. 

1tICllMU.SU AND UUEKHa 

These borough. |irvarnt qui to an «nd*\ eloped aafw-t 
wtioil compartd with the otliw liarougli. and, except for 
tbaao cxteiwion. which nni needed to rectify unsafe 
oorjditions. it in not my intention t» [ireriaro plana at 
thin tinjo for exuruivo improvement.. lIowcTer, a 
coiuidcraMo number of additional lioxcs will bo iattnlled 
and the circuit, iu tlw well built iij> wco<mm aro to be 
laid underground in r.Miw of aunVinat capacity for too 



growing need, of tbo territory nnrvsd for i 

TLe cost of tnstaUiiut the complete- ftro alarm .y.tem 
in all borough., I bav« wtltnaMd at ♦.VOOO.000. How- 
ever, to carry out lh. plan on tho haai. of the reooiu- 

mtniloiier would Involve an immediate oxpondiurra of 
approximately t2,IJ0il.0flO, and thi. installation when 
complctod would result in a material reducUoa In Lbr 
curt of tuaintenance, and would vainly Inemaae tin 



of tbe 1 



Stereoscopic Drawing* 

A Training for Accurate Workmanship 

Hy Cliarlrs E. Hcnlmin 



[pa Uot with required for tile accurate «i 

of a .Indent In mechanical dtnairar. m • lutlor 

■ , ocowd than to »ct him the task of representing an 
I in perMicctivc an seen by tbii right and left "■>« 
The two drawing., when pla-cd in tbe 
buuld «h..w a perfect effect of Kolidlty; but 




itoruako 

hi> drawings on a lo*» duninulivi 

Another way is u> draw Urge and roduoo by photo- 
graphy to utorcowvipio dimnnsion.. With intricate dia- 
gram this is much tbe beat way, and very beautiful 
reaulw can be produced, 



* firnt drawn in i»r«iMU>« lu toe 
ordinary way. Take, na a nmplo X nitration, a cut, 
Tho porapvelne representation is drawn on on the left 
in fug 1. Puocil linos or* drawn borlavaully from «oh 
detraining point of the flgiun, ae uliown by the dottal 
lino, in th* I 



Fig. I. — Showing method of ••ereoaronlt drawing. 

Tb* daltM) How n-pri-aot the ptnrUrd o>a*truF1ka llm" 

the allghuat doviatiim from oiaetneu In oithor drawing 
t it«.lf in the 



r 



V 




Fig. '.-iHagram allowing how Ihr lm.gr of an .bjrrt 
la formed on the pirture plane by tinea « 
i of the object to the »»»- 



not be a failure. 

H> fare and pnrtirf, however, very good reniilu niay 
U. obtaint-d; ami tor many n icotine diograni.. in which 
a ihrw-dlim nuooal reprewnuUan in nemwary, 3ten«- 
gra,^ aro very u*ful. ar»t may be .ut-titutol with »d- 




Tlir iXHa^Dil^i^H>ti-*ir**r t»r)n nwttlvid of sU*ri<ut*>*opln 
Tvpn'^nutiou U Another ny out «f tb»* *JiflV*Milty. The 
twi> dnwinRi. which ni»> \m *ny irizfl, aro dnvwa 

ralrmMt b«i.xt|x.-.hI). »nn in urn-n ink. lb«. otht-r m 
rvil Twf» KoUtino film*, rtaiiunl ru««iw»ii.«<1y with Oil- 
ntuiin t«1 urn! Em.H ink*. W* umm\ fit* thn sprct*cl«, tuM 
thr Hjnin- u mw-ti Ilk* * nolid wirv niodo) in fruiil <4 th« 
Tltfi )>ro<X!fii, buwevcr. in itniwrfi-^t With tho 

Udc wmplote vxliitotino «f the tvd Uw-i it **etly 

ohuiuwj, but tW ervrni Un«i ulwiiyt jb«» faintly through 



Fit. 7.— The pinna.* camera, illo«tralui( the 
lion of (he inverted ianajre. 

Uon of like oorn«pi>ndluic potato Lu Uil> richt^hdUid ftfun. 
Hy thu nM«» na ronamirinc point w roQulrod for liv 
5V«M>nd dnwinir, u it is obvious that all thooa eorraqiMd- 
intf i^'ltit*! inuvt Itv in a horisuntal line with those otf the 
Ant tgurf, Ttio ricliUhanil drawing is plaoed t*o aod 
a half invhc« 1« the right on the pietuJii-planQ. taa j»Jiot 
•k* ii e lit Mu*: iiK»t«l an additkinal half-ineb, th*t it. 
three m. b« to th« ncfat th-t .^nal point of »irbt 



tHMHit tlw. t>*m* v( erj--t»ln, the inintrii 
havo to >«• I'uphiiiM*! W Ktod<ut* of t» r*|»«*'tivi-, the 
diiieramn n^iiuritl t4i illuilralt- tl"i ^.Uriwitton <if lruttl. 
n-lUvtinn. ri'frtutiiHi. uml uthrf brnm lM-s «<r, 
for aperiihitlvf HUldi'iiU. tlio myKt.-riit > >t tU- h>-|MTeuW. 

A dillkniltv ow-uw hi tbe hinltwl tUW allim<l l>v lh.- 
refntrting jttnv.ws.jit'. Thin !>'-.-«iil*tL^ nill«»f niilaII 
drnwinic. ind. a* (hi- It iwt* i>f tho imtrimii'iit mjyrnify, 
th«> MiialU-l »rr..rn uro unph-iw»»ntly f nlnr^ed M«.r>- 




Fif. i— The rainboni. 

A Hot 1* ,K-*n. »lk> U pTivinmt, W«bIiI |>iu (hrc«t^b tU* 

y|m tat»t 1m Iho -nil, It «J» I *u In tl- j4tt A.in-r.riK ()••■> 

Um- f.-fr* tH nil f..nn aii hiikI.- mIIIi tttlu II uu til *dlK 
Tt»^ d<r)Rlwi] i.f tlilx Ulaicruiii Ln tti wl»r<. mttlHC It ttH U'e 
n>..iv> litHruftltii 

the I 

u obvioujly it> 
itii ffftH'te. 

TJio arum! m.tbud I<ir rtruwiiuj- ft* the i 
u vfjy Hin,*K i-xt«'ii«' m «*nniry U+mt the irmiii «*i*-rntiul 

I^artittr in inttiil the ]im**hliwl liiaiuti>>m <>f h)m< juhI 
nni*^' nf M«i:in t<i «h^ h nf.nnf^ rnw- idrnudy lw«-n 




hn liniiu of Horoooi'upiq H^afathm nago botwwa, 
r nrul n nnjf inrhot and nnarly thrw Itwhw, w that ir 
I hy tlirw, i.ieb«, and 
of the drawing by two and a half 
UQL'hca, tho whole pietiirn will he unco cuinfortahly willt- 
ovt •tnUn. Even a ee|iarnti»ci of three inehnM U too \idt 
for fn.me po>iplc; but, an tbe vanishing potnti thomeeiic* 
di» not flijure in tlie firiitho.1 drawing, It it «fi> U> gii» 




Fig. 3— Anothtr peri»necli»c diagram, 

II..- c-uiiv.. != f> f- - It ((..■ Jim- , 

U. i- r.L-nt.'l 



our, to ii void <li-.toriii.ii, ti i- 0.«-irulJr." thn I u i«e-[M-«ii\.. 
flrnwiru: <hotjl'l <»ititr wnlnii » hi»ri7.'i:nal ir«;li- i>f <ivry 
drajp , . and a >4Tt>*l iiiurl"- nii>T»- than fitrly-liw 

f I'm 



It would \w V' M« r uri'l'tiilriis-Uy t»- t-nii-tnir'. a 
.1. f»t»M ..|* »tih (>l;ili> itrf-ntM i.llt.h»ii^ in* tin . \tt.ii»ivt 
di-tant liimiiitruihiHl tl.ld: awl, '.houi/h *in*h an iiis-liM- 
nirnt a.mlii huve t.. 1;., rath.-r a hulky ulTiiir. it «x.uld 

I..I-W4T tKn. t•0rtMl-^ i-|t:fll rn.ir.T f.w Hi.- < *.! illil I Itm 4.f 




Fig. 6,-1'hr law of 





Fig. Notarised ray 
plate, but unreftertwl fran a 
dent upon it at the 
54 1 i degrees. 



tbt-in th»l amount of icparatinn; f*>r probably no pert 
<>f the tu-tiial tlrawiriiri will l>c moTt than aUjiit t*v 
thPH^-nuart<T inebod ni*uri, 

It will I*? seen from Pig. 1 that by drawing the rwedinf 
litu* Ut \lto new \&ni*htng point far tho rigbt-h&ud flg»* n 
th<-y will he rnttaMiiv*.] »»ff by the IionxonUl linra. If avt 
*fu,*'.tAr or oblique vnnubing (Hriut ••uters into the h-f'- 
hAiwi Jthw iIk, it muat itmitariy l>e moved «« throe lt--lm 
for eh»' richi-luknd ilmwlau, 

Ai '-unw-y it ln'rt injnired by |>eieking the paper it:ih 
a fine nr . dl,' n t eaeh d-L-iirmining point tlkat i* OsUblbtlKd, 
i LeedJe-priei^. 
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Having completed the drawing; in pancil, tost It, with- 
out removing tan construction liuee, by examination in 
the *Uirco«t.,pe. If || U true, the whole may then be 
twotully ruled in with ink. If the .wcwiacop* reveals 
fault*. U,« ,| n „ .txmld lie carefully 



in pencil until they carrespoad in tho two drawing**. 

It is ft good plan. inHtnftd of inking over the arigiiial, 
to mount it, wbeo mil the drtflraiiung point* am quite 
kt«|y pi»iW. over a piece of blank piper on ft draw- 
ing board, iind with a fine iuwhIW, mn-unU*. in ft handle 



FiK. 




prick throu«ft all tb 
key to tbo diat^mm < 
morv 



holds, so M 10 stencil the wholo 

i the lower shoes. Two sharta or 
at * time may thns be -tcoeikxl , taking great o*r» 
th* noodla-bolM aw made at^uudy mOoaUy. 
Joiu up th* point* on th* bUiqWU in ink with » rolins 
piin, ftiul ttnlt will giTti * complete eUmocrmm. 

If tfia mtirk of preparing the drawings is outsidered 
too t«li«xu» and troublesome* (fan scrvicee of a profaMioa*! 
dmughtsman may be engaged; and, by providing* him 
with plan and elevation, and iucb instruction* an ore 
given above, h* will produiv mulls much mom perfoel 
than tnosn to which thu unpractised \auitAur can attain 
without reputed trial* and failure*. Fir*, 6-8 aBGwin- 
ponying this article were drawn in that way and ore 
good enamplafl of profamiobat aoeunuiy. 

Figs, 2-4 ar« sp^riraeaia of an instructive sort** illaa- 
tnting principles of psrapanUve. 

Fig- A represents the principle of the rainbow, *zid 
makt<* It clear bow the rafractod rays from all pwrta of 
any color bond all form the aanve angle with a lino from 
the mm to the apcetator. a fact which k« often puuNag 
to atudunt*. 

Klgs. 6 and 7 represent raapvetivdy Urn law of in rente 
squonv and the principle of the pinhole* ««am 

Fig. 8 is a diagram to Olustrato the It. -a of refleetion 
or eUell-J Unlit*. 

Jig*- 0 and 10 arc from a series of L 
■«» in which t 
place of models in a 



An Historical Sketch of the Gas Engine 

Tracing the Origin and Development of Different Types 



the fieoi of Hi? internal c.h»i*i«Uoc engine l» 
Iwlng vl. ue.1 In It-. i>r<iHKH t ; lii a r.-tra<prct of Die evo- 
lution ol tlu- uu> onjtiiie m r»a pay a alight tribute to 
tli*»w pioneer* whom* efforts lmve benefited humanity 
>it I urge. 

From tbi! year 1U7S A. I), wbtu muuy uiiHixiuaiful 

the prrwmt day,' Out iwocrea toward 
tile pcrfccUfiu of ttvc Internal cximbaiftUin encUle luw 
l*-vn a uullonn uiie. Th* main factor lo tbn odoptbin 
of unjr lyjie vt prli»« mow ban always been tbc iiuca- 

bUHlluu vngEUin rafiKA tmprmiKt, both Jn tbnnnal 4471- 
clt>l ii y, uvocral simplicity and eoaipaetneiia of rtrac* 
turc. 

T\w trtnnecrs in tbc Held of ga« pBt^naortng wpr*< 
nutuermw, em'b ti> a certain extent 
oral koim liiUe or IU phwumeaa, but 
IMirtlllvely few to wboin may tott cmllred any railloal 
eliltl>tf<*t. Aaioliff (be l>UiKlrloUii unnca connected with 
the pxprrlmelilal work wbk-h ban bruttfbt (be tt»» «u- 
c lno to ll» preaeut blKb »tale of ricrf»ctlan, ar« UlOde 
of Itojia <le Itoclia*. Million, Daimler, and Otto, all con- 
tributor* «f Inrahinlde lori'tmntlou to tbe art. 

Jt !*• lM ,Wl%VL> r r to I>n ibicnaji, a fYoocb nnjrIoe*T, 
Wht^e kikowledtlc Iti tbe tbeoretlcal coodltloua of tile pan 
cu*i»e ' ur lib time, that we owe tbe theory upon 

which r,,,r BMMtorn »<i'U are built and noimfA. Ha waa 
tb«> nrxt to nmllze tb« iuradmable advantauea of high 
n , v4 ,lut)onary Kpeetbs bisb eomprcaslon, and tbe coiumi- 
ourlit It'ch tlwrmlil elllrielli-'y which 1>« now jtvDcrally 
rr ,,,,(ri>lw"l an tbc main factor of economy. It la ratber 
rur lo4M that Uimiicb cognisant of theae fBKta, Beau da 
jitx-lui* ncivr «wred to practically damoaotratv bis 
ciewa: H can, bowerer, lie accounted for. for I*e Uor-baa 
wux iM<M'h of the tbcoruit and bat little of the practical 
^n^iutiT, fliMi he left It l«ir other* to make conenrte bU 
l,lei«*. It w«k ikiI until urteen yearn after eiiuineratliiK 
n |rt prlndplcH tlSIT) that practice adopted ht»» reviilM- 
tlunnry ideaw, luwtden predlctlnc the advent of tbe 
four-cycle luotvr, l)e ltoi-has advottled oonjbojrtlou by 
coiD|-r«-* ,l »«>. wbu-h prlnclide we Bud Invotted In tbe 
nlI Klcrn l)lc»cl cnrliio. 

<>o-U]>yliiiE tbc same position In practical tnvrathim 
ttuit I «• It.jt-biw un-upled la the InewrettraL ranka (Hto. 
ft,t» «'«-"nin )> enRlueer «n tbe Inventor of tbc find 
pi-u< tlcal four-cycle engine. Altboucb lnMOitwl In 1KT«, 
the" f«»r-«troke engine b Mill In tbe market, natninnber- 
lli<r 1>.V a v,u,t „„jorlty all other delating type, of motor*. 

In »i>pom|uo« to the fournycio or f>tlo cycle cnclaea. 
vro llixl Hi,. |)„y or twontrtAn motor to l»' theoretically 
| H mMii^nc«l 0 f nanny vtilindilc qualldtn. Tnongb cunaUI- 
oriHl wrltli r ,.»|„H t tii tlwtr relaOm practical merlU, It 
bt hnnlly w ,v.«nr, l» mention tbe fort that tba otto 
,-yi-l«r Ik r., r liieillum |»«ier unibi much more elllriviit, 
fur lt>i lirfiiiniMlcruiKH' orer two-cycle rootfra oo the lnitr- 
kc>t U-xtlUcM to tliit. To the 'ayoiiln, luiwever. It Would 
acctu Uiul tbc two-cycle curl or would be far U» Inowt 



By John Hays Hammond, Jr. 

preferable of tbe two type 'or with twbv tbe number 



cr almpllclty. we »honlil enpect far inure cBl. lent wr- 
vlce. In matter of fact, bowerer, we Hud that Instead 
at giving twlrc tbe home-power for a given bulk and 
weight of tbe rimr-cycle emlne, tbe iwo-cycle en«lne 
when rim at auy upctd over HUO revolutions per milium 
eraxat to operate with reliability, f.ir IU uecexaary 
fuiK-lloiiH of InhaUNt and esnauMt do not take place. 
trviiiHeqiHiiitly. we Uud Iwo-cycle unit* oiteratlng uutor 
coaditloiia where tbn factor of 8 peed Is not a requisite 



In tbc Uwt type, however, aUow the two-cycle prtn 
clplc to be very efficient In high power onlta. 

At Hie preeent time there, aro two rerognuml claaseia 
of lntarnat coanbustloii engln*s one tba a..rklug or low 
»t<eed engine, tbc other tt* bbtb epeed motor. As the 

uiottir, and 

In fact for am the basis from 
Wtta anally evolved, wc 
mid gradual development. 

Tnn bUtory of the working «a» engine deals princi- 
pally with tbe experimenting of English engineer*, for 
they did more to further Ite progression tbnn did tac 
«nglneer» of any othar nationality. Doe to the snxull 
quantity of natural fuel In tbe DrltUh Inlea, the kUuz- 
llvb enKlneeni rrallaed (be great poasiblUtica in uic 
ntloptioii of gas as a fuel, and coneecitniU<d tbctr ciier- 
jclca In tbe production of a serviceable, econoiairwl. re- 
cliirocatlng eoglue. 

As fa r bni-fc as I ICR, wo end attcmpta to u«e the pres- 
ence of a vacuum by tbc cxpltadon of gn», an n nucdluol 
to actllutc a NUllable inc-bajiUni. 

In 1H33 Wiigbt olstauied jaitcnta on ah engine of Che 
double Mr-ting type, which was ojtcraud by tile nlntr- 
nnte eX|ilo8lon of gH>* on both xldcH of a piston. This 
iMUtliie, though coluparatlicly aDUi|iliiteil. hIi,iu> inauy 
of the tiHMlcni prll«cl|>le<i ; (lie niont Important one being 
the umc of tbc nou-i-ota|>ecwiloli system which we Iww 
IIihI In Kocnn anlu. 

William Itumelt evolved the system of "naked Bnme" 
Ignition In JStS, which be Incorporated In tbe cotudnic- 
tlon of bli engine. This form or Ignition b»* been »x- 
lenslvoly used for jvwrs In stationary laiwer iuiIU. and 
has fairly recently been dispensed with for the lew 
complex and more eonveulent tyiics of Ignition by elec- 
tricity. |n another respect aUo, we And Harnett's en- 
a-lnn of Inlereat, n» It Is one of tbe Hot gas enainea 
which emhodU-i the priw-HJca of high 
•villi which we arc iniw so familiar. I 
^trwtnre. we also rind tbui englna of e*peclal lotcrent, 
ii>* it Is about the first scavenging gas engine built. Ily 
Hie n.rni -acavenging." »* Include all englntw of (hp 
«v»n-:»fle type to whlo 
H»! or blowing device which Is designed to 
{Kmltive the performance of IU varloiks functions. I n 
the viniilli^r Itliit-f we may mention Hint It has not been 
fouuel a comuM-rcJul practkwMtlty to construct acareiig- 



Ing m<.t.>r«. but io high is^eriHl stationary engines of 
low revolullounry «i«sn1». we llnd many casew where 
H |ui~ l»i-u i«U.ptcil with Biitk^l »ucve«. 

\VV Hud an ln«l»w» <ir the ttrrt iihc of liot tube^gn^ 
IU,u in the year 1N1&. when A. V. Newton luvel.tr-' • 
system, which, until recently, was much used In 1 
automobile prnctlre. 

Although up (o this time much experimenting ban 
beeu done, tliere was no Instance where a practical com- 
mercial mnchliie «m ever built, and It Is I^nolr who 
fln-t Inltloted tbc ga» engine In the cummercdul Held, 
in 1HM) Lenoir put on the market a horliootal gaa 
eiidloc. which was. In exact copy, a red pr"f» ting, sua 
plo oetliig. steam engine. «xcvpt for detailed changes In 
the admission and exhaust ralvea. An evldenee of tbc 
ciHnuacTclal success of thu engine la rrlnoad by the 
fact that In 1SU3 oivt three hnndmd of his ongloea were 
o|K*ratlug tbroughout France. It la curious that tab* 
abould be the c**c. for iritii a fuel consumption averag- 
ing from to 3 ruble meters of gas per borae-nower It 
could uot cnniimt* with the iioorost of o«r i 
Iloweier. for that I 
highly economical. 

linrlng 

■w* »*« cnglneeni. It in wwiirkaMe bow~(.„ 
were their ideas concernlnsf the |dieno«.ena of (he com 
hll-tlon of ga-,«. Although Bunsen and nirn were „,„- 
tcn.|h,niii«k» with this time, nml full,. uDd»r«t<«H| and 
dem.«strate.J the action of combotlon li, gw, y„ t Wl . 
ami ca-c» where stratlllcaUon of the gnses In a cjllnder 
was attempted hy the Injection ,rf steaui- The ronton 
wc learn for this cxjsrrlment wu the fallacfeiMj hlon 
that l,» lengtbeiiing the duration of explwlon a conse- 



ntient gain in , 



This theory 



Is In direct oiipodiu,,, ,„ tllc IK1W ealabllshod fact that 
the grcoler nurnVr of bea( units h derived during 
the nctual rx|sinnion of the gam. 

in IH7U otto eatahllshed hU re.-olotlol i .ry change In 
<* u " ,,f "» s«- engine. As prevlomdy mentlooe.1 
this cycle hsd already been considered from a tUeoeet, 
cal rtan,l,H.b.t by t> , toctM , ^ u economy of thTZ 
Jjrr* was m.irk.,1. foe ,„ the earl.ee, four^yci. mon^I 
ruel .-.«Mimiitian was recorded of <a,ly st_KI ^n,,,,. f 
,s-r horse-power^our. with this apparent advum.^! 
or .«.»«.,, copied with great rellabllit,. otto's eu«i£ 
«x.n oustisl all other compctltora from the Held an.l 
rapidly Ucmnc the universally adopted type. 

Home idea of the popalarlty of th. OUo engine mav 
Is, gtonned from ,be fact that alnce Ita mamir.cturiue 
comtuiny was lncorp,,rated (1SN0), tbe llrm b*. p," 
diuvd 55,000 seiairate utdta niimaentlug over lOuntm 
lu.rse power (to lBWl. 

Having cootWerisl. in outline, tbe growth of tbe low- 



to the more recent evolution of the high sn^d t 

It W the French nnd Germans whose mecliauniu 
gcniiiM bus done much to porta* the mo*Iern mot,i r , 
wbk-li has proven w hlgbly successful In the i 
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of many i>m» i.f veblHc*. Aud It Lt wholly |u Gottlieb 
l*nliuler that Hm- faouor of it* Im.-ulkiu belong*. 

Tbl* lientiun ecctuevr lw* well earned Ibe appella- 
tion »«f "I'nlbvr of tbe Automobile" for Iw wa> tbi- tlnst 
|4iKM^r In Mim^Mfially strive the problem of tbc mU 
propuhriMi! of rehklca. la lsvi. KniaLcr, who wan Ibe 
tuwnaiser of .be "iHto Ktiictue W'utWV" ut iK-uW, tier- 
many, built * *i tuple form of »lrHN«>U«] uotfor which 
be at *r>l experiment,.*! with on a bli'jrcte. Thm- year* 
later In* developed, from thin experiment, a motor 
which prov^l no efrklcot Unit Umn. Panhanl 4 Levua- 
rot of Farm bought the nemMury rlghta hi It. aw) lafcl 
the f oundal Ion of u o>ri»inUU*i» which lenda the 

world 1h thU jairfh-uhir |dm*c of motor cauNtructloa. 

With IV tremeiahriiN ilu|M'tQM tlltw JClvcu to the III- 
rinatry by Ifctlmlcr n rnpkl ilevchipmciit folium*! IVu- 
■ u«i 

look place mi » far 
Iutl^t *cnle than heretofore- 

Tm iniv i In- uiftitiiHiririiiibl* of tbc blxb speed motor. 
It will 1m- iiiit<9Mtir>' to coii^ldcr the blMory of the auto- 
mobile, for It I* In tbe mwnrr of collide prcpulaUa, Chat 
tbl* motor luix been found mo-i j.iln|ttjit>l#>. 

Uue (be mrliiM MfVi-ff b>t» that t» recorded Id 
Mm- hUt-iry of uutomolilllni:. tu ascertain the exltrtlug; 
deoclioHe* In automobile cuclnc*. waa tbc race wblcb 
took pW Iji France In the Utter part of Tin- 
itMnprihiK machliiei were hor*^pow*r Paahard 

run*, whkh nt'ii- r««-i«««-tl>oly driven by alnaara. Pan- 
buhl and IVup-nt. both anient enthusiast* Ui tbe trpurt. 
Ttm follinrl..,r year * iwtiiid nKv niniieJ In wbJcb M 
l^ viiHHir, drtvltix a PMibnnl. «<*vr«1 (l»o HUUinoo of 
TIB) mkl^M ut l be (ben ii'imirlwMe iivi-rnRc rat« of 1» 
mlltii ^it bviir. But **| v svnr* fr«iu ttuit «Utc tbc miiiie 
i-i^rv n»)4>fvi] at ttar nrrrucc !»iM-ed vt 60 mil** 

|«t ln«r, wtikli tbuuoiiHtriittrl fotxIWy live iib^iKtiuefinl 
hirl.it- tlx- lnOu<tr} bud lakwi 

lu tb«> jmntiiiif <A 11k- I^w iWiMlr*- Act In KdjcUchI. dur 
lux (be ;t«r <^f IWHt * ^unt *r»*ii w&» litk.-n In tbe |iro- 
Diuttiti of auluraubllliiu a> ■ rtjiort. 1'revbuut to (bin 
tliiM*. ti*»- |tut>Jk- Jil«bwn>H tbruui;bfiul tbe Wmitl hud 
Iwvu ikntit to nil -etf-|Tt>(w-lb<«| vobl>l«'», i»f Hi lecnl 
|ilin»eot0|0'. "Ibiht lmnlm^l> trU" m« that BatoaiubUe 
n*uuufiKture wiih |ir». u.-jilly uuu .«xM«nL FmIowIii* 
tbe ttwiitelbiu df Hit* b«t tn l"-rliuiuei.t f Ibere vmmv * 
miniiM'i' "f ri>n>tm butlt motor aim Into Ehtfliitid, »bkb 
mmiu tn-cuiur i«o |KffmJnr that fu 1*U7 tbe AutymobJlc 
iTlab of <ireut llrUiiki *i»-t IMuwl wa* ftinucd. 



tlu- ia» motor for 
bad Ihh'Ii ib vi.ba.iiir on Mouewbuc different Uih«*. 

Id 1HTS la rveuriti-d tlie (ir»t l«Ht*iH>' »( »xr*-rliiwiit- 
Iij* Id thL* api>l lent Ion of 1U- t^ui i>Dj;tiie for motive 
power, lu thin y»'»r » Mr Fuw<v«t of llttabantb built 
uu ouiiiHmih iftbS.k wn» jimmied by a llrajlou uwto*. 
Itriiyl.m. tl«iH-'h siwei-^ful Id hit tbeocetkul i*x|H>rt- 
tpeiiiatb*ci, Dfver tiiixiitrled in i>n*lu*ii±K a uwihUic of 
nuy prmllcui werTleu«t*nil>. mnl Kiwiutt'* 
rekicated to u ktiu 1^1 "f wLnitUir fullurea. 

KoJIowkiic Kawrrifx iutiri»rl-*c came C K. l»uryt-«** 
1-oiwtnn li.m i>f a «ii^t Jliit- rutmln^it, wlikli hum imi| 

i<oiP|>lileil lililll 1*0 illU i.liSile viux foilltd lo 1m* 
»^r> uihler|Hjwentl. I«it in I MM III*' I Jury vs. ltrotb*-T> 
tHl'iitiil a f-iur- -ycli- l>|* »t muttrf. nbkb |?ri>iTd m<» 
i-nVkfit tint a >eitr Intel li »as entered in tbc < 1 bl<iu<> 
7 »m t (i W mtt- wlii-n- (if* |vrfnrpnn»'e wn> vx^V 
Il.amll> «.«l. S.I inuliit.nl by Ibia «».x-.-^ r In ItlHl 
lmi.ua oiiintiiwl a Mim-hiiiy. ubl. b l.ulli the brut ilnr 
i.tti aut<4n>4.|li^ iimnuf^-lilii-d In tin- l lilteil Mate-i. 

Mtlii> «IImT iii* h Wi re ■! tbe vauue llllie eilii««Tol lu« 
1«. i.vt rr iUM' I be wit'l.-.i* .-4iii.-itru--1loTiiil. at»«l dltrU-illth^ 
of il^Siru wbkh Itu- DJitliufiK-hire nf Hie illHoni<.blle 
«-iUliH* IhvoImM. .Mr. Hay*n* xtnrted hU e\- 

|wflmeiitlii£ i»< e«r(> hh lv*\ but It wa» ii<i€ UhlU 1MJ»* 
lluii tbe lliiyiie- A|*jwr>i*ij < 't.(u|hin.' va-. liievr]M»rHl«\l. 

Ale\iii»ler Wlut.-i. »±> niv.. .»w early t-lb'Ver* 

i,. tlie .ilti.ii.He ii.M.lnrlly <,( Uu .fliulra-. »» 

Mai he .-.c.wtriuiisl ill- Hr-I .tni<.nioi.l1, f.ir tbc market. 

Tin- buwet of Mr It l*_ ubiv Mr II- Kuril an- 1 numer 
mu» irtber* nn *I— bitlmuiely •-•ru|*le4| with eitil? 
^ri*wth "( the iin. 

l lM.itA'b Hiil' b w.-rk nun .|miiv by trtjr Aiii>-rk«n <-nici- 

im«-im l.> |« tf.* t tin- ,i>H I.Me engine. It n/.* oil ntto- 

y. lbei- illlTiTeiit line-, rtina bm ltfii l-rif tl'V It 
p-tielMlti l*!:. ■-.-.) ;iliH<li^ .-ill |Hfl.i-«r el-Ktlirvr* ihlll 
the rr.<rl*.^.liil . uijliH- wan tbe I.etUr l; T>r llur im.tlve 
|k.wer ill ^kU'lev l.u| i-.iin veiim ut i'elL*taUl t XIKTl 
uiel«lbi« Mini U< ■lilid "Tike li;is |.|t.veU tllill Hie foiclKti 
bleti i4 Hi*- M-rtl-iil • iivli— by f^ uie m* hi iinrferaMe 
li«i«erj|l> f-<r l labile usam-. 

r-ir< reie Hauler, .-uu UI u-it rn(.' Ui-.f » h i'H> tliai. 
n .mlH I be »iii|m-ii<Mi* k:r>-«lli »( a but lately lufttinlle 
biillixiry. lbe mnij.riivlnre .<f aiitomol^U-s* lu tb ■ 
ri.ite.l Xbiie. tn i-r.-lil-vil a* « *um total but 

ttfty mn. liliie-.. u frutliutlMi iim.^mtiiiK bi itlmul »?•'..<«•«. 
In U»l'i llrt- vnhie of (i*onjrrvlol ninl pkii^iire vebk ie- 
|.r.<li>\<l iii thla votuitxy caiiNenatiYrly JiK'i T *^ " v, 'r 
aii7ii.iaai.iMM*. and niauy ron«lib-r Ihe buaiiie^ »h »<iU In 



ldr«l Form foi 

itiaiV upon Itw j.hii[>eM of 
tra>rl at fn«t or *Um speed* In tb*- watrr led two 
Kreucta artrDtUia to iN.nablrr tbut the iikiia! nhni»eK of 
a!r*hl|» hate no |tr<it«T tiaaU fur tbelr deslirn. mnl tbut 
for a hbtb Kneed iilmhiii Hie Ideul Aim\*- >Jin«ilil bate 
winvwhat lb* fi*i* of ii Hliark U..r.Hw..r, i.. ^.U iir<»|i- 
erlj in the nlr, the balloon jJnmld l*n neither mi-rUid 
Mir u II flexible, bat shuiatd hare a curnbluatluo of the 
lav. tbut K a rigid fore end uml u flexible reur uart, 

Air«M|HH noit' In u-e can be plu<«*l In two Hn-w«; 
Brat, the 7*mwlin tyiK-, whlrli la road* up t4 a 
eyllmkr with two conkvl end can*; ami aeeotHl, the 
Frent-b or tteiibk- tji»e havtiiK uu eloumited oiold form, 
with the lnrye end fu fmnl The tJernmn air-Jilp lin< a 
k1iii|w> which apiHwrn lo oirfio^Ntml to tm Ideti of adaii- 
talhm, awl It* 4*<nee|>tli>fi U the re*nilt of a f4*orlul idea 
formed b> the detdinirr (Jn (he contrary, tbc ovutd 
ulmi»e e"|*e* tbut of tiiimeroiM Ath. The two I'urtu 
*<eb.ii< iKtM, t'rnfa. Mnguan »iw| Jjt Klt«o|Hlen*. no* t*hnw 
that tbt* aliapr with la rue ei*1 lu fmnt I- Hie noexl 
form of Hib, ami. lu fact, the .ilow *i*vd tub all luivi- 
Ihe larse diameter of the Innly ncur tile freol. Tbelr 
laaly In likened to an o*eld made tip of n emie Itatltiic a 
^nlierWl ran In front. 

OhwerratloQK upon tlkh ma k» it elnn r (hu t lu the 
HbHjiejs of botly where tbe Urirc dla carter lies ueurer the 
tear, tbla <tnini7lerlxen faster vpeed flub, und i«i«-ed fob 
loo* thin dUplneement (ownrd the rear. TIiuh the very 
rapid flab, titicb aa tbe shark, trout «im! the like, have 
tlie la ret' part lylnu near the mbtdki nf tbe l«ody aud 
not lu front. AtHln. they nutK*e tbut rnjikl Itxb have 
«n< the **n»e general nhupe of laaly as ibe otbera. Tb**y 
defliw the laaTy of the rapid rb-h an made up of a rent 
cmib liotntliiit bnekwanl for the *i..l of tin* 0»b. a front 
^ titer teal cui> for Hie bead, and a middle or Jolnlnp |«art, 
wblrti Ih a truncated coue nttli the larcc baac Id the 
rvni ; that R frxuit roundtil end, cofdctil imrt eximnd 
hut tonanl the middle, then n dtmiiiNbln^ riHnlenl l*tt 
lowunl the rear. KL-*b ur.- aibtiHed to th<» n<meot>» 
uiediiiiii, ii nd their <diH|)e rvMiHx from prewirea pro 
dut-4^1 by (he water i* the body. It I* the miMnocc 
wbldi irw w uter i>pihm<«« to tlw-ir proicresa tlin I . ao tu 
■qa-ak. "modeln'' the body of the Hah- Thla U evbiVuced 
k> the fuel thut mammlfcnt. mcb aa tha what?, who 
left p-rre»trLal for n^uatlc life, ulao huve their bodtca 
ehiius*al fu ^baia', a ltd In fart formed, aa we huve Been, 
wmto rev tab le the flab lu ^hape. Khire th# form of 
Ibe flah i% tbe result of preaauni; due to ttw- re>jMtanev 
<»f the water <>u a certain plan tic body which bm»tm at 
a Blcen ap*a«l. we eat, nffirru that the form of any rtveo 
apcctracD of ttsb u rhat whk-h ctwrentviids to a shape 
bavlutc b-a-ti reylMtiiiieiL 

rUpId UmIi like (he nhark have, therefore, n H|w>t'l:il 
form. With larae dlattkeler netir the mliblle of the lualy. 
heruuae thl« form eorre*]M...d- f.. thill In wbleh the 
effedit of modellDC by the orator ream- |o twnib-j ibnn- 
MrheH, Hunt likt their 1hct.«Tte* od the ali.ov i-oi^)q«1iai«, 
o4.laliwMl from m-tmil obaervutlou *.f rfc»b, tbe nutlo^N 
dealcn a form <-f bnlbioti l-«l? lo ropy the raphl li«b. 
aucb a- the shark. . lu,. b.rer^tiigr ,-4.-1 itn.t the 
fore end in rUld. awl UU- port 1» mnde o- a kind of 
l-io-traf Iru; i-onr the nM .'f the l.nll.-.n Ih'Iiu: fle\llik 
Thla I* D4il only il**»U;i>ed after tuidirnl eotxllibin^. hut 
follow a frouo eXlM-lliMelit- 111 n lileli (hey .Mwrred tha- 
effort "f a lot' tllleil with * tbU-k tlulliil m,*\ ,.|:o«l hi 
tbe w.lter ll ...n.-.l nipldly ibroii-h [be via tee 

uule^t. Ii buy n Huhl bir*<-elid. either owile or *ph* rbwb 
Tbe nneelle of Hi.- altsblp i- placed utiderionth and 
t i« (<|)mi< tij! ainilnst the Im^I) .>f (hi' ImiI1im>«i an |Ni-wilile. 
ho >h l*^*-n lb*- re-i*laii<v t.< the f.^w;ird looveoieut 
mid to keep the in b.»)e jur-hlp <-\w to (he lib -.it -hat«» 
At tta- Iwek i^ the tialhK.ii a ihi I r of nnbh t* 

tirninaml w>mewii]it like a n*hv lull The dlm.-ii-doii3i 
of the pr»|»>^-l iitr^lilp an-: V..|oilm-. J'Ki/nui etjob: t**4 : 

kiijctk feel ; mnxlmuin diameter. T,2 f#vt : dl-h 

<.f [Hthn of Miiithnum fr.-wi th« front end. Ilvi fi^t. 
\Mdlb at ibe uoi v tiiiiim 1^ moiim-uIi^i -niiiHer ttuct tbe 
helicbl, ..r pi t>,-t. dint the ho«1I«oi Ih turf curtly iir 
cellar, thin bl Mt r.-ir.i: aI-u^v. r i, N | from th. ft.]., l^iU 
of the rtKbl frm.t n , pt f^-( 



The 



tllra-violcl 



Thk n^-nreh*- Sr|.inm>ini ennM.il htm p. extend 
ll»e i|ai*truiu to nl.. Airin, mid -nliM-.jiieiu Ij 5lr. T. 
Kvibhh ewiitrniiil tl t-. Xlu>i by (lu. n<w. „1 ,i o.ncnve 
«r-tl. Jl! . N..u Mr. Iymi.ii hu> >n,yv,.,b,| tr, p|». .b.BTiipb 
I hi: the ^pifriim ..f h.idnveti to mh<v ll I- ilui raeter- 
l-ilfce of Hie ivvfou itn»-.|li;>iled lo ^chuiil.ll.li U-Iw.^ji 
XI^M* Aral W-.'Jt thtlt uhlb> b^dri.ijen yield* n I li b vr 
oiidllT? M^-tniDl. With Ihe |»i-«IM- e%.vpt|nu or ..lie Hue 
n>. i ..il.ir*.... bus been 'llw^.v.Tol Ih-I. ni;tf.£ to the prt 

iiury Haa-tniiii, 'M. th,- Mj, u r huiol, In tt -a revlMi 

iK'twevn the limit we by ll it-- rite und war*. t i ill-rnptlve 
di*»r!iiince In hydnweii pr.xbicvi « prima r? spectrum of 
iir.wt Itdereat Dillde up of p. rl.,|« ., doxeit llrx^. The>e 



l»r« of tbn aontitdary *.pvetrum. but they may I 
uJmmi If helium coiitaliilux it trace of hydrvMeii hi 
employed Re«nltK obtained fmto v«nnini tula^ wlwn a 
atnajK dhruiKive dl*cbar«e U «wd tomd alwa?* bit Inter 
l*eted «Iih n«ut|..n, *h*v the mnt.rial torn from the 
tubvltM-lf *..ui. fbm> furnl>hirt liaiivirltkfL hi th* present 
cil»»*. It will la- Home Iliiw l<-fore the effect of aucb in 
purltJe* am be «» lima led llowetx-r. It im»> la? a|a(ed 
with Mome <h'«r(H' of cerialniy Uml tlie dltTii** tarW* 
pn^Hcind lu fhlh repton by Hliz baa been dlaeovered- 
Thr tlr«t nacinta-r at AI^IC Ik found to be irrcatly lnten 
by tbe dlaruptlve dlNchnnw. und tbe ueXl line at 
(twars ulao. HKnjith wry faintly Thla dlfrW 
nrrW l*ear»a altuple MuHimi Hiihner a formula. K*.l- 
IowIiia the Hinir kliJ*l nf a i '^uiiuf it , a Mh.trp *eiiea eorre- 
MjHindlnc tr* the Plcki-rliu; xerlev niltfhr be exiN«ct«l. The 
new rek'loii ii|.|Mir5 to yirld two llix- iH'kqiiclus l« Hint 
a relnlkm ut Hie i^«itbni4 ilrm.iialeil lo cubulatbiu 

Dryinit (Wain by Electricity 

At iMiaie milt- craln !■< ^Ihk* dried b> eleefrlcby. T--* 
luKLilnit ilevbvw are InaialUO in Ihe 
Mdral aeiew thill o*n...is the main fn.ui the 
lilua to tli4- »i lUicK. ami the cralu 1m tbua thoroughly 
dried Immediately before It in croiind. This dry lug 
reported to mube tb** irrtieJIn* en«ler aral to ulav Iuhuit 
m letter arxl more uniform .ln.iIHy of \t»> pnaliicc of H» 
mill. 



Wc wish to call utteotloti to ibe f;irl that we are hi a 
twilloti to muler <Mtn|a.t»<tit aervUvn In ev»ry bra art 
4if patant or trade mark work. Our ataff la compmad 
of mecbnnkwl. elrettieo) and chemical expert*, tour 
uagbly trained to jirepnre und pruaecute all jtaleat up 
plica t iotw, lm«|at-tlve of Hie romples nature of lb- 
auhjoft nmtler ijiTolied, or i.f Hw H«-**litl»ieit tecbniaL 
or «cb-ntlbe knnwlmUe miulred therefor. 

Wc alao hare awwcUtcn Hirorurhout the world, wb* 
aadst In the prcwevuHoti i*f lulvtit and trade-mark a[>- 
Idlcatlona Died lu all cottiiirlea forel^u to tbe 1 nltMl 
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Electric Furnaces for Heating Steel — IT 

Facts and Figures Relating to New and Valuables Methods 
By Alran Hirst It 
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Tub teuipernturo and thr iTodurlion of t\*-\ ffin an 
rb^tri* furwf aw mutually .1- Tbe h.*! 

liWrabMl id tbe rv.ii.UT, if not Ukett up by Oil* metal, 
will ixr&di^io a flw m u-miNiratun* orf tbe furaaoe Tlw 
larger the eleetrieal capacity per unil of hearth, th* 
(mater the effeet on the ir<TH)»-r«Mni by all«raiion ia 
th* jwotiucti-m. Ii I- for thw rvwon Hut ]in*rliu-1tuii* 
i.vrr MJ pound* hour pit square f.-n of hmrih »b»mld 
U< avoided With m^l«'ni*t'«'n|<ai'iu*«* «f 4 or kilowatts 
w|tiarv f'*»t of Inurth arv.u eipiiviuVnt to a produc- 
tion of ;«» to X'j jtounds of neel |ht hour U» J.iOH *I<T?. 
Fahr.) variations in pi*odn. lion have but wry little 
t'ffwi <ki the ii<trijM<rfttiir#'. Thn heat capacity of Ui^ 
rvtxsu.r lininR ami brickwork in fumaee* of thi* **iz^ 
is amply ubh to eompemut*' f*t ehanip-H In production, 
w that tlif u m|*f*'iir»< r».'iniui» practically the miiw 
A fiini;ww f»r a normal running load of I 

kilowatt* p.T mptare f*«ot of bearlh iwitli l!j volts 
|mt inch length of tbe r*nlnl*<i will prova very «U— 
f;irl**ry ■ Th«' uniformity irf tcmperuturv on the hearth 
iu furiubsr* mti[<b>y itMC tli' 1 T-«hu|>«-d rerUKloni *bow-n in 
Kift Ms unit* remarkable, hut even with th* IF-shaped 
int tttrjH-iilici** n*Mil«T a terjijairulure variation *»r l*>* 
than 10 tint, Fahr., in any piant of the hrarth from tli* 
d<*ired ti nipcratun*. is to be t*M»ecled. 

Knani.liDj; funio'^ f;iM r*.iiit»> In tV maw ent-ifory 
uttli iV beat-iretitirtir furnoci-s. Althoi.rh they ar* 
lorn* r in »ue tbey are not correspond lufly lore*? in 
^•"'trfiai caixf-ity. F<k* fii.imtlunr fnrtuui-s ^^»i^h^rH 
h|u>^I<| Im< oh tbf Aiil**, but about ttinH^uwUrfi 

irf th»i kilownit input *himld lw iibi-rutiil In tlui l»o»o. 
!tfM»-t4in alic-n j»Uj*wI iilmc lb*- ttiiUw »»f » niuffle 'if un 
••rvhttwlinir fiirtkwt* ^hoiilil b»t »iit»ll ( 14* ti> "Ji> "ijun** 
iu. : bi«. it. ».wiu.n alxmld .'.n,^t «ntin-ly of ^m^lntr. 
Tin* lining of ^iicii a n->i*tor i* tiMially .b ^r.-il r*.> a* 
to fonii ti t ,nrl of ih-i liil-rlor wul) ^.f ttu. mufllf- 
km:.ikiv fi »v«n: k n>u TkMrKUATt in.-. *kov»: l.HW 
DKii. ravn. 

With n *p.i-t to ttu' Hu-h nf fiirn*n* ofM-mtinc »i-r 
l,sm» »**hr. Hit. whi.r knum* ol no 4-.uniiiU< iu 

induvtnat work, rnti|»i on a stiutll »"«Ui, »h^-U bos 
proven »ati.tf»i'toT> . A ihiiiiIht It»\»' ^mh-h coiDttnu t^l 
»ihI tntil for wurlonx lMii*tlts ut tin*; but u dnirable 
funuuv. orruiD .rf o|>cTaUun. U yet W U- i*^!.^^!. 
Mo*t of the 4txp«Tiiiu.-iit4 whiuii Un- Ut.. ^.oiliictitl 
li»»v employttl fuma*' « «f»Ui * MWk ri:*we»ir about 
half tfr»(ilnUi aivd half a)huv<kU. qa nieoUom^l »Uivt> 
Theswt retrain Iiav« U»n tiL»il<i a>*uul a f»Mit uiid a 
b4Uf w.4* and |.Uhh1 In * inmch irf a mixture of r<- 
fr«rtun*M T lh- biwix «.f whi.-h it firmaiid. Tlie m.tal 
tn l»c IhuIinI wu plac*-!! din* tly abu^v lUv r»»*«iKt«ir. 
bul Qut lomliinc it, Tlu* m^Ul *t^*i box* for 

fonn ntf *d.I 1m«Uh| u> *hnut J.4tm di p- F*hr. In order to 
L a pectination kimilur to that of an 



funwe of the -aim- the lcm|MT»t»r* .rf tli* iv*\hUh 

IijuI U» be a1m»vi< 'J.'.HNI <I<v, K*br. For this KnupiTiiturti 
it far* in« impuauiblti to e»n»>trurt a fi-inuvr wliKh -»il| 
have ft *cry lone lif**- In thu eutirwn *4 » few »wk« 
tliv Uiiim* «r Hit. bri. Kk mil )iuv.- tlnxt^l Ij» rmnm 4«- 
yn# arid rebuibbng will W found no-*-nury. A lining 
of mlwUuitiully piuc silu-un rarbide bri^k miclit stand 
up undiT IbuM* cuaxlitioTU. but, it iv nn»^tioiubtL» if 
a rfiTriM'Wiry any po^nr tl^an Uiu wuuld bit satiufartAry. 
Tbo rl<«-ins:li-fl, ti»>>, arc diffk-uU to liold in \A*»<u without 
eo?-tly ifupftort.-* wlinh niiicht liuve to lw wuter-enoled. 
TSimv rurtiar**, Khvm been u-eil ft* beating iiK tiilsi for 
foruiruj and Kavn hhowa in 4«*nu> injtan'^-s (rood economy. 
A current mnsumptton or kilowHtt hour* |**r 2,2-M 
pouuvlit of metal <>ii a 10(1 klloaatt fiint.vvi w»m hoUhI. 
In jcetural, tlo- 1>|»- of fx m a inn ri urn on these furti»i-e* 
wm itmilar to that itiuai^ in ritf. tvept that the* 
U-«ljai*'l refistor »»*V5 iubitiMt»«l by a tanifU- r«traiirht 
otin rutiuirij,' from t>n*i ••ici trf ib» Uorth t«» thu other 

For wurk ut rtnriru,' t»iu|MTature?» a furna^i <Miij*iov- 
imj u ifrnphite retntor do«-s Hot pm.-iii e^jwible of bi*< 
<i>mlnir a «oni«i^i:liJ n -{dity mil<» a %. ry uimpie lini:« 
can U dt-M'to^.l. 

KLt ami vnK'.r rLiiVArr ur thk akc Tin:. 

Tin' writer !hih pKii n.|it|'.linil>>e thi>uitlit to thii 
Important brld ttf elretrin fumott* for fi^ntiiiK »i»| 
ikve'opnl a funun-e wbiuh 



•Auaar-t »iK»r»a ot rrporx oq rx*iT^h corrupt ous u=rkr • 
Carmiitai Fxlkoriliip nnf.o tj Uh> ln«. m«S nwW [imiiiiii* -J 
OrtOft LirlMU. TLc K' ^ ( «t -J work »m jr*wnr*«3 

M Aaquo) Mtvitni o< Ui« UaUttiU, M»y ?ta. IUH VbH 



of the diflVullit'K cnetmntrtvyl. This fumaeo it a* yet 
•Mity tn lh*. exiK-nmental staee, nllhiHiuh it appr^nt 
Ui offtr aumetuf eoiniritn tal | MI »*lbill1ii-K. It i. .«f 
the are t)~|*- thn* inuii^iiatt ly itutny of tbc diffl- 
eulties iuhermt to the resit- tor furnace* disapjiear. A* 
tlier*. i« no resistor th<Te i*. of eourw. no retailor litiLnie. 
The in. tal tn iAw-^i .m lU- henrtl. »o..l i« Im>M*0 dir^tly 
by tbe arts, tlw> l>x*i^ of whielt jilay a teie irxihen above 
thn mvUxi to Ik- beated. thus obUunityr u lilieh iIhtpiii) 
«*ffiViniLey. Thiv an - * »r\' ibltt^'t*'"! by tru-finn of an 
auxiliary eJiM troiln itIik-Ii »|M^iaibi Uie tUmi* uf the *rri 
»*» **. to <Ui tribute th* heat eoniparntively e*.eti1> nml 
alxo servcj* l-. |MroUvt th^ roof «if Uie furitau-e, Tim nM»f, 
if built of lilieon e*rln-tii brtek, will Kavn a Uinj; life. 
A« tin.* elix'trieal cquipcni'Dt i* (tloi'iil aboi* 1 the hearth 
it u Ptuuly nr.-..^iblr and amy be rr move*! by a « riuie «■ 
that a new top 1m- |4hi>mI t»ii Un- funnu* in a v<Ty 
few niinut^-i. As otcm .if h few kilowatt* arc difft. ult 
to op..mU\ it would pndKiUy be nvcwuiry b» binhl u 
funiaefl eapaliln nf a very 5-ib*t»uti»l pnnJoi twrn. Tbe 
• riter br>|M-« that definite r-otiinutvial ilata reffardintf 
tliit fimuw* can bo sisruriHl \rry shortly. 

DC* Id* Or" rtmSiCIC IHUIl >«THt ( TCftAl. ftTAKDrOINT. 
Kitf. >t Rhnwt. a bea<-tri«tiin; forviaee of 12-% kilowatt 
t^Ajiacity utbder tint nnmial running load. It Inw a 
nuuinviim eu|KKnty of 17'» kilowatts. Tbo heart b it 
& f« t wiiUi and r .i Vwt lon K liinMe. 

A very 5ottwf*eti>ry fiiruoee wall hoi iKM-n ftmnd lo 
eiHt*i>t vf two bnekk laid «o as to miikL- 9 Inch*'* «t|it *i|b 
'.i ioeJiiM of kie^eleulir. Tbe kiwlftiihr may tm placed 
between tlw ttriekx foniiirtjc J * vertieul channel, or may 
b». plueed imbide the l>rirk*, in whieb raw, Khe* t metal 
i» tf-ni|^ty*t| for the outnide of Uie fnrtw"e to hold tne 
kii-d-lirnlir tn plm-e, A«L*t<*. milt tward may be iihisI 
m (flaee of iUvt rnntal. Thi< dtx*a not lower the heat 
tik>M W , ttnd. of ooiirve. the mill >M>urd i« nt-t quite »o 
dura bin :t* the *beet ineUvl. r^irnoeirf may be »tll 
tiuuhib*<l on the top and jwlesi of tbe luarth. but «»r*' 
niHHt W observed not to inwtaU' th*- l«**e tm> well. It 
muKt lk' rw-ouiu'*^ tbat tti vlvtrle fuTan« the heat 
in evolved within tin*- bru*kw-ork and is, ratueuueiitly 
ai»nt«rwhal different from the fuel-fired furtuKHw. Heii' »-. 
thfl fiinune idiould be wt rlear of tin.. uW with i-nly 
about If, inehrf* of bm k allimod up to tbe tinii.tr on 
lli* bas* of the rewttor. Ten or 12 inch** are umfe 
»u0li-U )it for this dimejuMrti for furiia^w working abovn 
1,7(10 diY. Kahr- Tlw hnek .JnbKiynl should be Rood 
fir*, brii k. Silica brink wve cxceUcntly for thki pur- 
pone Thrtw brick run about U0 per -eat xilica and 
eootoin a Uttt*. IIiih*. OixhI tntwimry work and par- 
ticcilaxiy wrl) oonfltruei^yl arrhe* will bt> much the 
ehiiap»<4t in the Ion* run. Throujchout the fumaee eoii- 
struetinri lh- mid** prioelple* im are <th*t rv. d in oil 

r^ttolruetion. 

It in iniifit ttnporlaut to neleet ttwi pn>|HT refriK-torj' 
for the li nil ttf of (be rvwihtor. Tlw> hnnijt in uxually in 
thr ibup*? of a troujrb. tbo rexi»tor bettqs pluee*! in it. 
The limnc material niuM hove n ligcb tmltluie |«ti)it, it 
mmt not liave » httfh vapor imn^vjis-t at tu operating 
Ufniperature; it mii*t not react elunuiMully witli tliu hot 
m*L«t*ir on oim Hide or the briek on the otln r: and It unmt 
not WoiiKt **oft or "niu^hy" at tl^- i,jt«Taun(t tompcra- 
ture. ltt. eb>-triral CMmdii^tivity at the oiKratiiux u-m- 
pern lure niuxt he etnisidtruldy le*3 than tJiat of tbe 
resist ir *nd it miint bo relatively ebeap 

The of*-i*»tiii^ teirip* rulnre of iIk? liuinjf in rather 
blth, DonrtaUy a few huiulntl dccnnvi hiirlier tluiti the 
bijirtb tetiijH'mture, l«it for various* r»:ii»irtin tbe maxi- 
mum teinptrralun. obta1r>**>t in a lining may U- a thousand 
or uit ire derr«*i4 hi*l *t tlmn the iiorrnal o|«Tnt iojr 
tcoipt.niture The reaion for obtaining tbo-e bigh I. io- 
pwaturen in IIk. bnini: mity b* du»: to ne»;K-iful t>|sra- 
tion or an attmipt i«, yet an nxtroordiiuuily lanr*' pro- 
ducu-tn nt a pnrtiouUr time. It i?. tben-for*', •» **nry 
to muploy a buicv ha»itic a hluti fm-tor *»J Kifeiv w* 
r«i*ard» tbo leinperuliire It u » xt . * .Hni-ly difhciiH I** 
tbict a innVTiid whi*'h nu i t.i ihe<r n'i|tiin m> iii« ;it % 
t^nip.-f:illtn of 2\H)Q ihx- t'etit. ::?,i*iW *U K KhIit.: It 
must U. ri-ir-eioth-riil ihiir •ItliMiinb nfrojion-^ ul liit;h 
m^-llitiir point arc avuili.bh . lh- ndiii-.u>n of tic. ruiry 
bll.diT. «u<n 'Ji.muh in -nu-iM ^tnoirn. ma; U»*rr tin. 
ru.-tiiu? pi/iui ul tin. Iiicm^ >• r> inv.i rniily. Kittivr of 
ll«r* fitllooiii^ sul'.-i;iii'-t>' hiiMiii," lii/!i mlti-if i«-i;i;ri 
mijlit. I.e rrtiploy'<t ;i< '.In- r.rn- \^\ n h-i-Im ni <>( a 

r-Vivkm >o4 VulaiaUf*!*..*. v.: II r - - > i;. ir. n M .i.r^t,,- 

• ia X- on^W- t.'Arm., J* HUl, i |..'J. 



refraeiory for *m< in » fiimuee opi rutinc alcove :iin 
.h«. Fahr. 

Melilrtc IV^iir 

IWrwl*). 

IW »\ It*-* » 

fal.-inm earbiile .biwU at 2X11.'. 

di*.(Vi.t.i I9ll', ViX 

Alitmimimi *«tnU« Jirjlj :v** 

IVanirmi oti,U> X\ IV LM7ii 

Uruiiium carbide J4i r » 

*/tn'i»utiim oxide 

Vaicwliuiu forbid* , "41 *3!K.' 

In addition tw.> olK-T mlwUiux** ^llou]d be mention.*! 
Gljeinum oxide hon a biirh tueitinic i*»int, amt Ih-p.i 
nitride mImwn n« ^licn of N|iit*«-intf at ^UNNI i !•■*». Cm 
\fr,is2 d»«. Fahr.). 

Mo4,Tn**ium oxide begins b> v*p*iriae ut^b r a1r« ^ 
t^.m, »t 2.1X10 dec. Tonl. (rt.n.'-) d-^. Fa^r 
All iiKtalli.- oviil.« am jo-nu-wliat octisi upon h> 
tvrh»n, and a* the «p<*i*l of n-uciioii appro.viiiint.r. 
•i*Hib1i'*t for every 10 *!*«. tVrit. riw in u ui|»» rutitr* . ii 
ehvtrie furiuw*. U*ui|M-rat*irxa this ebemieal uetiim i* 
oftrii ftnfneuiit ti* ib l. nornle -otuiderahly if n'»l d«tp.' 
the lining entinly. At nl*ool '-MW0 <k«. tVm. a,M> 
*l»»f. Fahr.l, niii^rr*(*>la U r:i|*»*lly nttaekinl by rjirlw.ii- 1 

The- eleetrical eimdu^'tivity of Iminjf nnitennl-:. »■■■ 
l**eiatly metullw oxide*. inemu*e» very rapotly onn ■}>■ 
U.nii-f.*t».rt.. MaU-riaU wbnb an. ev>)l.nt i.ouU- 
t<.rw at njom t**flip*' nature* bi*ootnL* lino e-Hidm t^ i: 
eb*'1rie fiimnei- U'niperutun*i« and th" «ln*uhl U l*-er> 
in mind in eoimeetion with tbe linhucw. For «-xaJopk 
a xlnU of alundum >;fu^] nlumina^ liad a s|>e*-in* <■** ri- 
dtKlivitj* at l.tkH) Cunt \;2&U *U«. Fahr .) :d*-«n 
r-.j.4NW| tinun ha ervut a- at 1W *le|f. <** nt. (liH d.<. »'»!.. 

In tike writ-e'N nnpefi*-in*e «ib^»iiD carbide fin-Mind nf-r? 
uhantain** over other wfravtorj* tout •.•rial* f't ib- 
II nine** of fiirusxNr* el*^l^i(b■r^Hl in llii* |np«-r, \ luiv-i.'- 
of mIu>.ii earlMMl.-i tln*and S.% portx, a»l uan-r r 1 ! • 
i-is ilm. IlaumfiJ l'» part*, form*t a p**d iinmr ** '> ii 
a*vt baked in the furnace* A «ii|ftilly U«ht liuitk' .'an 
U< iiL»ib. by uninif the hI**,v*' mixture Uir lite <mt fitl. 
of tlui troiixb and pure jdlte-on earlMMb.. with tW <*:i:.- 
L'Iami in the name proportion*} for tbe In-iil*- uevt 
the n*i>ttJir r Tlie lliitag i* put in phut- with thr 
si^tanec t>f wrxMlen forms, and allow^l to dry; - 
the runuuM* is NtarU-d it bewn.es well Uki<d. At -> 
■ rnUiur teniiieratun^ *nch a lining U a miii-h p-r--* 
eondm tor t!i«n irrnphiti*. and there is praetiriil'iy n 
ebemieid oetion butwer-n it and either tbe «*ri«ia 'f 
*ili*» brick with wbit h It U in w*nt*« t. KiImmmi earW'* 
bopnc to dii*iHM|K**n at aliout 2^00 ibar- Cent. :4. 1 T_ 
d<ir. Fahr) inUi earhon and jnUVxm. which vii|mri.'-v 
Imt It ha* jfiven ex«*ellea.t pervKt. »\*r a i-oudd.ri.Kf 
jH-noii of lime- A «du-i-i.t earbwUi Liuinjc, pniperi.v hiili 
iu a beat-tnatioif funuMM* deMjrned to (rive a himrlli 
p*nitiiri' of l,8.<0 dec. Fahr . *houhl not tnttl nuvttl 
im -re ofb'i. t^uui in h\i monttu) and fnipi-.tiif.' 

sui'h lining* hut mueh lt,ug«r. It will he *evn, h>tw< 
lluit liiiintn> lur** relatively exi*etutve item*, m furii," 
eoiiftlr.i. ^m ». that tbe lin-an-l u pn»l«vbly the tt>- 
eeonomiud, particularly if l,7lfi th*. Fahr. it the 
Niiiiii IwMJlh teniperuture di'^irvd. 

Tbe writer b**tr* to siiBC^t that tbe ip>**wii.m of liiLir* 
for thu typo of furnneo offer* an atlraetive rifld f.^ r^- 
»e«ry h and bo sincerriy hopra that wivntilb* wurk 
tbit-e Uti'M will be matle by invwitieati.r*. 

Kh*tn«b*i lire |*1jmhiI hi thi* furnaw- inilMMldt-.l 
a mixture oonnttins; of intieon carbide 90 |»ri*, ur 
fineltint poitit UW dec Kahr l 10 part*. Tbe> pre;"' 
from the fimmee wall nUmt 0 iayh»* into a U,x witli«.t 
a top and nuwlf i«f iwUst..* mill boanl with a fram. **< 't 
of Mnall inttrltv atiu' lutl to the furnace Th*- *■ 
are run into (in* U.x fp.m tbe t**]» and ari- plain p*-*; 1 ' 
the eh*emMUy. The U.x \» then filled with kn*»k:ti:.r 
Tho ehwtn^ba may he of either irruph.l*. or ea-l-r 
pri/i-mbly tbe f..nn-r. The mm. of tl*e *4n Ir-Ml^ m;,. 
be eok-uUted hy tin w.ll krxiwn meth.xU. 1 and «-■'!• r 
tlo.* r4|iiari' it n*und Uvrm may l>r unt«J. 

Tho *wit. -l-.Uiard h.*> a main Nwiieh, uii.l .i r., • 
nwti.-h wit!, ii ii'jhiti. r .*! pmiw,. if n transformer i> n- 
Th. fiwiv liiu? muy he aoeiMupaslicO on the hitfh 

•*> P Wuiu. " M-\r. r i *.ri*uu mi M»^j-j^i*. Tru-i- 1 

*ar»rr.*Ofitv ,s> . I I I '.Kin. CT'l. 

•K V N.^rrhnn* W-!7.' tur I - i'S'MIi ir- 

'Tin -rt-.rlr.-v.. tin Mi. -l.-t f.-r .L-»rmlnlr* rMr 

Cfo^-. . U...I ( .t , I .mm:. . » ivr-l lln .x! I„ »„ t ,, 4 -*n I- 

"llnn-.l.-^ 1^*,, ul yurumw Ku-tr.-h-. 7>*.Uf- r 
cam. ^v . i7 ai-iu?. T»i.i. VI in Uib pkprt nLa y u 

Digitized by Gocjglc 



l>rr.ml>ir :., Ittl* 



SCIENTIFIC AMERICAN SUPPLEMENT No 2031 



<* the low Italian sido of th* truro/orirter, as It do«it\«l- 
If regulation ts effected by altering th*- rcMiMtAneo with 
a furnace such a* In shown in Kin. ;i. knife switches 
alone are used, a* no transformer U employed Tlio 
resistors an thrown in or out out by single hludcd knifo 
switehea, aa desired Ad mwVt is employed 111 »U 
caae* unless the prhnnry tension i» ;•». Meli li> nraul 
satisfactory operation of nw>. The annnctor it. of 
course, always placed i«i the (M-iuisr? <*4<l*j i.f the trans- 
former. If an ammeter cannot hi* used a wanmelcr may 
be employed, or It iik*) U< u*«l If an ammeter is not 
thsiired by tlie operator. 

Wiring sliould be quit" nsrvfully done and with slnxdy 
eonslruetion. The chief procsii.iou to ntumt; i* to 
insnlutc nil conductors of otim-«it »ttd lmvc *oeh insnls- 
Uon loeeUsi so that tbe furnace heat will iu>t injure it. 
In mot. mm it is |Hroferame to run the conductors 
down from the electrodes along or licnuath the their 
to tbe switchboard. The switchboard, of <*iiirso, muft 
be nr**mible to the nvierab>T of the furnifc. nail is pre- 
ferably placed by the aide of the funiane Dear tho end 
having the door. 

Operation of an olis'tric furnace of tbe graphite re- 
sistor typo bl found to be very Mltllilo. A new fliruaor 
is atArlisl up slowly, th* voltage equivalent to ooe volt 
I»t inch Icarth of the reeisior being applied for about 
12 hours. At the end of thin time it may be brought 
up to Uimpcmturo by gradually raising the voltage per 
unit length of the resistor. T'i* melai is passed tnrougb 
tho f uroncca, the operation hssng quite tint same a* in tbe 
f<i«'.->lr<Mi furnaee, and with a wry tittle cxis-mmee 'ho 
pro|»*r load for nacb particular job may be readily as- 
certained. If a change in the pniducliou of steel ooenr* 
la the fiirrtece, or a ohnnire in teni|i*»raUtrv In domed, it 
ia aulvixalito to raiw or lower tb« WDnwait input, a« Ui» 
co«4> may be. about l- r i or 30 minute* iKiforvi tbi- chance 
oKitiini. Otbenriae, Tailun' w «• » the production oo t 
une hand, or railurr to net the t»tii|HTalon> on the 
otlinr. mav b» the re-uli 

When tho furnaoe u to he *hut down the eumnt 
(nay Ui lurnftd off l.*> or 2t) toinute* liefore the IbhI 
pieee of nu'tnl u removed. The fumaee i» thin id>ued 
aad aa It l» quite Hot. »iH «al«t but n -.hurt while to 
heat up after the uM.al ovrr-ni«bt »hnt *»« ••< 14 
b.Mir». Tit* lime to heat up afl«T >iieh a period n from 
2tl to 30 Tninutea. To boat the furnace up froui i-i*ad ro- 
quirea about on* hour. 

An proviomly >tat«l tlio rwdrtor bortm away par- 
tially and oitul be repleni«hed. Thi> abould W done 
at tnt«rvat» or about 70 hour, of operation on runria.*" 
..|«ratinc from I.7IW deg Kulir. Pi I.M10 dm. Fahr., 
but fonuuva running at lower temperature will last 
for loneer inlervala aithout repl-niieliliiK At 1.71H deg 
rail.-, hanrth t-inperature the eonaumption of eraphile 
.. appnnrimatoly 11.01 p.'U°o Prr kilowatt hour. Th. 
irrupblte may ho charred tluimgh mnaU p»ci-bole», 
I.K.aU-d in tbe aide* of the furaucea. by nironn of lolut 
It ia then raked down with a small 
> the inroeular rasiator' In omie 
inaUDeoa tbi' r.*J»»or run« uneoiored or portly uncovered 
along the tdd« of the heart^i in tho interior of the muffle. 
In thin esaae the grupliito in shoveled In tlirough ttie 
furnara door. Tbe propiT amount of eraphile to be 
u«.l will he found readily hy a few trial", notina; the 
pofltlon of tho »witeh before and »ft«r chartri ntr f.»r the 
um» bind. 

A« the regulation i» a*>eompli , ilied liy wmply throwing 
tho «wileh, tlw furnace may be rogulau-d by the work- 
men. Tlie wiring, of oourso, mutt be arrang.,1 » that 
II i» iropo«»ililo to «bon-cirouil tho boe by nuwna of 
the swib-hra. The wtwkinen, bowevrr. notxt lie in- 
»tnieted not to fun the furnn^r. on a voltage equivalent 
Ui I.H or '2 volla per tneh longth unlew the |*.*ti|etion 




n*uliv warraow ii. »#hh^«.i«-. — 

tinwa o-eor lwlwoen ebargee while the furruu-e it enl|tty. 
T<* provide against overheating in thl« nuuiour, fua»»* 
ahejubl 1>« carefully aeteeted of b»w amperagi'. which 
a ,1, tenniiied hv tbe inanmuni rate at whl. h the work 
.h.MlId he done Tbi« proea""'"' B <" "» nhaerrmt 
p,t,l„:uUriy on fornaoH, where prodo'"'""" »«• varying 
widely from day to day. For tem|i«ratiina ov«r I.8U0 
de«. Kahr. it might bo adviaahl* to oquip the furnac* 
with a pyrometor conntnielod »o a» to o|»;rat« a eirc-uit 
when lb.' manmnm d«lr«d temperatum fa 



BFrKIICKCT. 

AltAougfa the furnaen baa boon deaiznrd with tho 
►deta of supiiJyuia* ^)>)ugh eurrvot to fve»t tho Rtutal 
and to rrtako «P the lot*** of ra<liaiion. ote-. the Kir wr . 
intendeut of th«' hoat-troating department ia v«ry likely 
to coEMitlff the furnaeo frtinl a Rtaitdpoiut of eflleiniiey. 
Tlil» ma,y ho eirpriM~Ml in per rent of kilowatt hours 
per urdt of production. Tatde II shows tho relation 
botweori Uioae two method* of exprewlng eMlnieoey. 

In general. Hie largor the prodnetiim of rui>tal in a 
parlwular fumaee. tbe goiter the eicetrleal eraeioney. 

poaalbt.' 2ST3 rCSS, 1 •UttiS' ^ -' .-^S " ^ " 
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T.«> high prodiiet|.>u. hownvor. usually moans difn- 
eultio. in control and with very hit" 
Ik danger of .ivorfiouung ahould them he shv.kening 
in the production without a corre*p* Hiding ehaogv in 
the kilowatt Input l^ng mado. Tlio aim to ntako a 
pn*luetinn at a rate equiralent U) 4 or 5 kilowatts par 
square foot .-r h-ar-th and al». at « to 7S pur rent elll- 
eioncy u an ejcetllent one. When the wail of current is 
rather high, work which itfeeMitaW* a production at a 
hiwcr effli kiicy than 00 per eent should be tranaftrred to 
a smaller furnace If the «liap« lif the piceca pnrmita. 
On fiin.uee* under 3ft kilowatu eatwoity then figurea 



Ik very inueh loaa than on the moderate size onca of 
M to 12i kilowalta. 

IVATAtXATtOX or ri'RNACEa. 

In order bi iletermine the number and mmi of fur- 
nacee for an installation a careful lixiillry into tha 

Tlie ms>l n and minimum productions must be met 

with as hi^h cflicieney as powrihlc Tor tho various pro* 
duetWtiK, rVtviuontly a moderatoly largn fnrnaoo to 
i.|K-rnto all the time, aoeompanicd by a ttmallcr one 
to lie operaWl as needed. In much morn ceonomioal 
rroni a point of vh'W '«f eurront eon-uniptlon in the 
hmg run. than one fumaee eapahlo of the maximum 
produetli.n- fare iiiukI be oboerved nut to make the 
furiiaee large tor thr «tk« of being on the safu aid*. 
A fuma-'e *. large that it take. 10 pH- ««t mora cur . 
n ut than a stnallrr one exaetly suited to tile work, 
would wa*te enough current in the course of six months, 
or a year at the ouuide. to pay for n conipteUi noar 
liuudlation Sometiiuoi the labor riKluiremeuta de- 
termine the sine of the unit". Two men on a singln 
funiiM-n micht not be u!4« to aswompllidi »i mueh on 
the one turna-'e as they would if optraung two smaller 
sise furoaees. Hrro the deeroaaed vffirleiiry in two 
furruwea muat be carefully comiasred with the saving 
in laln>r. 



have a n-iiuirkahly sl.uoly haul. Tbe Hlarlitjg load 
is miniewhat le*« llian lb.' mnniiig load. In a large 
BixmlwT of ciMes the mean mnning loml is found to 
bo let Moon mo and 90 per ••••nt of thn inaxunuin de- 
mand, trader tbew i-treunwuineiKi, jiwrtlcvjlarly with 
operating evtendeil iuui or thmiigh the night, cum-nt 
run luually ho funiulied for a low figure. Tbe price 

of one cent |.T kiU.watt lnmr i« fnin tly .uire l.-iil to 

warrnlil the enudoyn.ent •* the eleeiri.. furna,^ in phve 
,J ,M im lie- ground .rf cl,eui»T .-.~t of op.-ralein alone. 
t'urn'M for thni^iiiiirlers of a eent per kilowatt hour 
fr>«|Oeiitly proves as cbi.ap im any nictJiud of Bring 
when all feeo-n. an. ,-mikiiIiti«I. Among tl»-«c faetj>r.. 
net «t which have U-vi. duly consi.li-red. might he 
mcntHio.«J the lower lul*«r charge whi-b Is <l«nally 
,.|Ti- v..l by the introduction of tlie elx-tric furnace. 
The furiuu-* |h .-i.n.|i.ii-ive oj high prtxluction on jm^ 
eoimt of the fui't tliat it !• tiot l»i uu'onifortal.le fi-r 
the worktiHii a- the finl-flml liimt,™, It«id.« the 
fa.1 tliat it it n l.Hlvely eiud and the elimination of all 
smoke and dirt, and the attendant dinVullic with the 
pneltic u of coml>>UKll""ii. the eleetrie furnace is much 
nioro wititfiu'U.rv from the workmen's stuiidnoinl thioi 



In the solu tion of the tyre, of furna«. for tin- par- 
ticular work, if 10 »<iiian' foot or iu.»te..( hearth an a are 
nHiuiml, a furnai'e ngnlateil hy the rc*utance method, 
Kiit. 3, is "►nainlj to l» preferred This furnaeo 
co»W aliout half a* inie-h a» tbe funmcc iniuipiH^l with 
a transformer and has a moeh more uniform h»o«l libera- 
tion io the liearth. Kl.etno Ium»o.« with rmiatan.e 
najulation irebKling till the i<.«Ur««l equipment, eoet 
nbout the aamo for inntidlntion as a good oil fumaee, 
and frvquontly are M.mewbat chcoiier if blowing oquip- 
rnent installation charge for the oil farnac. is indinbil. 
As a nib) theae funuuMi operate on a higher voltage than 
do tha furnace* liaving a special tran^ormer k> thul a 
aftving in copper for the .-irtdlletoirs i* sometimes ^fleeted. 
They t»vn be dusirned to operate on th« standard txilt- 
220 tolta h.>tng very aatiufurtory. and. of course, 
operate on either direct or alurnatuig eurrout. Tile 
larger furnaitH can be built to i.|»rote on two- or thre*- 
phaae line*, but those taking 100 kilowatts or leas are 
beat eoastruetnd for single-phaiu. or direct current. For 
the aniall furnaces. iueh aa the one slwiwn in Vie. 4, 
a retfitlatioa by means of voltage is best with a trnra- 
former having a leeomlary with several taps, as meo- 
tioni^l above, other with or withnil tlw resistance regu- 
lation in eonjuie'Vion with it. 

can or ai.Ki-fatc roarer, ron nr»T thkatisbnt po- 

rsNSt^r ON 7RR eoAT or cr/aaKJTT. 

The eitent of the use of tho electric, furnace for beat 
tree. ting depelkda quite largely on th* cost of current- 



MuhJcal Woods 

Xow that Anwriea w takiug stiw'k perforti' the 



supplies her..t.ifiiro from Kumpe. it is worth while 
noting the charaeteristlce llint lend valoi* Pi certain 
woimU for the purpose nt maknue miuicid in*trumenH- 
U is said, for example, that Stradivarim could never hare 



stoek of clu.lc* and i^aaoo.Ml wood bequeathed to him 
by Amati. 

A lato nuniher of IVinui give* woo., intenfiting ilata 
oa this sabjnet. Tlw main quality dclnil, is. of course, 
sonority and the wood chiefly utilised is that of the 
cptren, which is olton oonfifi-f with the fir. to which iu 
general aspect Is similar. 

Tbe spieas is found In a wide range of conditions 
growing IsjUi In flat and iu mounuimms oounlry, es- 
pecially in central and northern Europe. 

"Like all other conifers iu wij«>d is composed of a 
single dement, i e., fibers or (uirolated reseels. and its 
great homogeneity of struet.ire render- it adlturntilc for 
the production of sounds. Hence it u used for makilkg 
violins, guitars, mnudolins, sounding-hoards. etc. Kithcr 
the sap-wood or tbo heart can be employed, since tlwTv 
ia aean'oly any difference bet aeon those in the soiroo, 
a condition which ia very rare in m.~t Inta." 

A valuable point with thoo- intcn«toil In the ex- 
ploitation of this timber is tliat treei, <aliec.li have grown 
on phsim. and espei'ially those which have grown iu the 
vicinity of swampy land yield wood which is soft. «i«irury, 
and easily altered- Tree* which carried on tholr struggle 
f.ir existence in a rather severe . tluint.. and nt a cn- 
sidcrahle allltudc-SOO Pi 1 jllO mct.T«— an' mu. h ition- 
valuahle to the in-tmment maker Us-auie their wnud 
hue gnjwo slowly and aequmsl a highly desirnhlo eoui- 
paetneas It is ad>Mtl>Ui to make u~ only of tiuilwr 
whl. h has l.a.1 not h» titan two .»r three hundrwil years 
of growth, having euneenlrin circles only two or throe 
mitllinetors apart at most. 

In tlie most valuable instrument* mnjite n u«wl for 
tha "hos;" for tlm cheap ones the tp.'lilcal wood violet- 
ebony is employed, while for those of medium price al- 
toraate leaves of tho two arc used. The marAe h> highly 
sonf*ro«B. the syiuunoee-nuiple suniewhnt lias sa, as it 
Is leas compact and less homogenous than white maple. 
It Is generally nnervod for mandolin", because il» rings 
arc very ap|»rent. Its wood is hard, or a yeUowisb- 
wlilte tint, sioiwlimcs striped alth gr>"<i, it is brilliantly 
lustrous ui radial siHTtlolis. It is found in tile I'nileil 
States, Kuiop* and Canada. Instniimoit jiifckijrs luy 
opccial value on «p»«u from th* Ksriw Jura, portieularly 
the Vosgns, 

"The violet-ebony, wliii'h is mueh used lor hoxos mid 
necka. is an evolic wood imported from India, Africa, 
Madagascar, and llraxil. That from Rio do Janeiro 
ia particularly esteemed ami is much u*cd for making 
pianos. It ia of a dirty gray color marhlod with chovu- 
uvte at th* hurt, with very visible pores and slightly 
wavy ttrtpm. It is cloae-grninud and posscsaca an agroe- 
alsle odor." 

A great deal of eVooy is also used (or making dyeo, 
twisters, strings and nuts. This wo<>d, whore lilaekneaa, 
hordnees and dnnaonesa are wai known qualitiea. ia also 
of tropic origin, hut it is far loss tuvi than feruierly, 
baeause of IU vast inon*** of price in lato yuan. 

Tbe quality of solidity, plus a definite degree of au|t- 
plarjnts, are the features required fur making hoa> of 
stringed instrumswts. Vanuus tropical plants furnish 
th» comljination, especially the.' inin-wixnl, which gr.>WB 
in Mraxil, Paraguay. I'm Argentine, Guadeloupe Ouiuruv. 
the Antdlca. and tlie Malayan An'hlpelago. Parnam. 
bueo wood b also valued for this purpose, and grow* 
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Marine Wood Borers 

Little Known Crustaceans of Destructive Habits 
By Clyde II. Tmmlak-, Forest Product* Laboratory, Madison. Wisconsin 



KNotHoif dnlnMtlN to timber struct ur*« u caused 
every year by the ravages of manto- wood borcra. Them* 
borer* work in nit t»u r thnaighout the entire length 
of the Mftniut of the United State*, but (heir ravage* are 
particularly HWI along the South Atlantic ud Gulf 
MM lli 

Tm> duniKL 1 s» eaum«d chiefly by two borer* of the 
molluak croup, the rttacry-s and trrrdo, and om of the 
crustacean group. tD<! Jimmon-i, The former am com- 
monly referred (o a* "uliip worms," and (be latter in 
sometimer called 'gribble.'" All of ihes* borers are well 
knirta to eiigineers and other* who am concerned in the 
maintenance of wham* and other slruelurm of wood 
in aalt water 

There am, however, two other borer* of the crustacean 
group that are known to lie present on our mwuwU. 
Theac are called ''ebejura" and *'spba*ronia.'' Chelura 
lias been reported from only two placet on our want, 
WoodahoU. Maw.) and Prorinectown, Mm. Hpbasroma 
haa been reported from several point* on thn South 
Atlantic and Gulf ouasta— Omofmt City. Ha.. Milton. 
Kla.. Bay Point. Fla. Pahktka. Flo.. Tampa, Kla.. and 
Bayou Bonfmieia, I-o 

The appearance of wimnI attacked by chclura b »o 
Hioular to the work «f liminnria that the id*tiUty *4 thn 
former may have frequently escaped innervation, the 
damage betng attributed Ut limiiiorta. In A, Fig. I. 
ia shown a suecuneu of wood attacked by Linuuoria, 
and in B one attacked by chelura. *a,la oaeh eaae 



the uf the bore u about the MfJM. Uiumoriu 

galleries usually extend inward. jN?n>cndicular to the 
Kiirfacc. Those am about 1/32 inch lo 1/10 ineli hi 
diameter, aod alKiut )i inch deep. Tbny lie aide by 
side, in count!**** number*, the partition* between the 
galleries being #o thin that th* wood ia easily broken 




Fig. 1.— Wood altarkrd by limin.mn fjaft) and 
chelura (right). 

In the Or*t thn itallwrlei ma la ni<luilr ami |«m<irii« 
n*nnt % tach. la III* —<„n>\ tt.r* ran In all dlrrvlluu*, 
mm* In* +n<irr saaag. .im^iurr Mi t.* n |»aHr*t«t]. 



away by wave action, thus exposing new surfum pj 
attack. The e helura bore much deeper, and the gaUerw> 
may run in all direction* through (be wood. They al«o 
attack the wood in great numbers, the walla hclwf*n 
the galleries are very thin and the *uod is eaaUy hrok*ti 
away by wave action,. A* *Iu»wn in die pieture, tin 
appearance of wood attacked by linunoria and caelum 
is van auuilar. Kiga. 3 and 4 allow spedmcna of liau- 
noruk and cheiura very much enlarged. Tlw«e tHine* 
arc no larger than a small grain of rice. I^UsJojaria 
excavatca in wood both fur food und shelter, iMiriiir 
b«<ing adHmijtuslied by very sharp niundiblra. eiu'lur» 
are somewhat aimilar to tihrimp in ap|««araikot>. Tli. 
bore with an inatruukeiit aooicwhnt reM;mbUng a lit . 

Xttntryt (Vmt- ol is very simitar (o Irrtdo. Th*»* 
borvn aajMf the wood when very «miOI. An they pea,^ 
irate the wood, however. I bey grow very rapidly and Ine 
gallerieu inereaae in size to aeromnuKlate the groainc 
body. The galleri** average aUutt A.H inch in diameUf. 
and 3 inehea to 41 inchea in length, though uod«r fav israbl^ 
I'lHiditiona they may reach I inch in diameter ud A 
or 0 inche* in length. The exterior apiN*nnu>ee uf ih. 
surface of wuod attacked hy ship woniw i* often s<rv 
dteefitive 1^4. Hg. I). The etirraD"e< to the gallerieH an* 





KSf. 2.— Wood attacked by ahipwarm (A) and aphaervma (B and C). 



$**m anull Fntrsnce* to gatkrtea la A, aad Imrg- intr***** in Jt nml • 
In 11 Is sho«a attsrk lo palmHIo. 




Flf. 4^-Chrkara trrebraaa. 



Pig. 5.— Xyletrya. 




Tig. li — Sphaerooia 

destructor, 






llf. 7^-Loflgteaf pine pile 
dentroyed by limiaoria at 
Bruaawkk. fia. 



Fig. Longlcaf pine pile 
deatruyed fay xyhstrya at 
Pensaeala. Fla. 



Fig. H. - UmgU mt pine pile 
dralrayed fay aphaereata at 
May part, Fla. 



Goo< 



SCIENTIFIC AMERICAN SUPPLEMENT No 2031 



no Ian,"* than h pin biifa, uiii the wi*m| taay «piH_>ar 
*o bo praeticntly sound ut|UI it w cut ioto, when large 
nnd nunweoiM galkrita are revealed. This w indicated 
quite elearly by A, Pig. 2. Thi*n galWim arc always 
lined by while. riJmriHHL. mn.<tnsl. They intertwine 
about each other mill are iiMiinlly mi numerous that in 
r*ever»ly attacked •.pot-in-ten* the wood u rvnil.>ii"d useless 
fur any purpose. The-e l-in-r* hate been known to 
utterly di-*.lroy piw piling in U**i than thirty days, 
while the aw<rage life .if piling »w th« Gulf rant b* Itwa 
f linn two > i iin.. if the liinbrr m not protwted from tbem. 

.N>A<ifW(iirt lias lung been known to mankind, and U 
very ninuiMin in many p*rU of th< world It was nut 
until IttU* howt-\er Hmi il was known to nttaek wood. 
In that y»«r « siieeiuicu of wood which wu destroyed 
by an unknown biircr w«* taken frvm the 8t- John* 
Ui\<T. n.^r I'nUtkn. Kin., and scot to the Smithsonian 
Institution. It wit* idetitillcd an n species of iphtierpiwB, 
uud g>ten the nwni' of ^luirrniiui tirsirwter. This 
borer pflg, Hj |g Mitni'whut similar to the limineria, 
but very mui h larger. It t* about 1;K Inch to 1/4 .neb 
lone, and exna.ate* * round gallery about 1/8 to 3/18 
inch in diameter. (The animal ut ton*** than tbn 
gallery,] Tin? kc»ll> r> in ,.f ibu saine diameter through* 
"»i r, and i» usually about J, inch deep. Usui** tho 
fcrrdw gallery, there Ih no calcareous lining. 

The gullcrii* nuulu by the «pAarnt*vi nru quite ■miikr 
lo tlwmu made by the -ilupwonu (Tig. 2, B and Cj, 



where the surface of the Utter baa broken away 

by wave action. Unless om« mule* a minute «tanuna- 
llon of the wood, their work would naturally be attributed 
to the nhipworttM. This probably tioronnts for tbn faet 
that *itk*irroma tUttructor wan rover identified until 1HWS, 
and hru» faaasj r*-|H«ted from only two or three places 
since ibt'it. H, Pig, % shows tbn work of upkatroma in 
palmetto, which in usually considered to resist the At lark 
of tho borer*. C| Klg. 3. shows attack in a *perinien of 
pi lie. These picture* show quite clearly the dilTeivac* 
in tbo appMimwH* of wood attacked by s/uWroflMi and 
whipworm*. Tba nasal dktinituidiinK fewturr is the dif< 
fereoi'v in site of tho tmtnuieu, sod toe fact that •pan*- 
roma rarely hon« m<»re than 3,'S or 1/2 iwh into tba 
wood. 

The dantafo dnnn by tphacrvmu has Iwm creatly 
undiiru*ti mated. Unlike the other borer* desnrihad, (1 
works in either frvah or salt water. Tfcw Ht. Johns 
Hivurat 1'alatka, Flo,. U one hundred mUa* front the sea, 
and prartieaJly fn«ii too year arouud, yet piling was 
fuit nd badly infetited and in some cases dostroyed. The 
auLhur Ium found it wurklng in the St. Johns River at 
JarlaouviuV, Flo... and at Mayport, Fla., wltioh is within 
two tnikm of tti« Atlaiilio Oooan. At the latter utaon, 
its ravagva were of mora eonanqucnee than thoso of the 
shipaurm ami timinoria eombinvd. It was also found 
to be very numerous at Bronx wiek, Oa., Charlostoa, 
8. C>i and at Tampa, Fla. It has previously beau ra- 



IM»rted in a Uaynu r*t*r HlidolL, l-i.. and it soenut NMOsV 
nblo that this borer may be present along the retire 
oosurt linn from New Orleans to Charleston, 8. C. 

AH tba borers work from the high tide Intel to many 
foot below tin- *nrfaiM«. The dainacn it must evident 
between the high and low tide levels tieeause of the 
action of the waves tu breaking away tbn wood. Typleol 
illustrations of the work of the larkum lM»rers are shown 
in K»g*. 7, 8 and 9. Pig- 7 ""^ws a longleaf pine pile • 
deatroyed at Brunswick, Ua., by Jisujiitria. Fig. 6 was 
taken at Prnw»U, Fia-, and snows a pine pile destroyed 
by rylatryo. Fig. 9 is of a pili« |Hle at Mayport, Fla.. 
destroyed by vpAuirsvma- It is evident that the destrue* 
tivn of tbls pile might easily have been mistaken for 
that caused by ehipworm*. Mo illustration is available 
or a pile destroyed by racfure, At B, Fig;. 2, is shown 
a specimen of palmetto from the 8t. Johns Kivvr at May- 
port, Fla., attacked by ipkoproma. This species is 
generally considered to be immune from attack by 
borer*. 

Exact knowledge of the range and extent of the activity 
of ckeiura and spaacrossa is lacking. It would aid fat 
tba advancement of science, therefore, if those road era 
who have an opportunity to observe the detraction of 
Uaibor by marine m\*h\ borers would report the presence 
of those two borers, wherever found, to the Fom«t 
IVuduets Laboratory, Madison. Wis., sending samples 
of tho borers for proper identification. 



Electric 1 ■ ;m t >. > n Devices for G«« Knginea 

VVr Illustrate an elwtrle devJee of a rocent Kur\»|>eno 
di««lgn whieh U now «pptM very wuxT-eWully fur the 
iKiiitlon of ttiree gus i-tigliu-M. The otijnn of the appct 
rat les nhb'h Ik <jultv an elaborate one. tbusigb of reliable 
working. 1* to prtnhii-e u gitlck break at the aiwrk plug 
Inside the engine so as to give the electric arc or spark 
such us I lie Ignition of the go* requires. At the outside 
mid upon the raguje Is u Jevlre fur clival tig au etectrte 
I'ln-uli, awl when this Is done, the spark htvnk Is i^uacU 
to OOtSU umler the Isret iviiditioiut su as to cause cx- 
liliadoo of the gus. Tin- tlrst |i*rt of the apiMratat ooo- 
slsts of mi upright box mounted ujma the end of the 
mm Khaft ns bt hccii In (lie main view, while a secood 
|>lio|i»|crH|th show» some *.f the detalK Thla device 
weuroM the o|ieuliig and elmlng of the rtectrta circuits 
for men of the *|*rk plugs. On the aim shaft I* 
nllWflll a notary contact pleer, and upon It work Ihe 
sjatg uf t»niMh*«4 HtH'ii In the llluslrntlou. Various switch 
liitf derlecs ant ludged In the juirf of like host, 

ltruKha«< nn* mniinted In n hnish-liojiter stsnewhat as In 
a tlynauiK awl the burul M lut l ween Ik*Iow allows uf 
Kliifilng inc brutlics so as to tvxmlate the uiometit xf 
litiillliiti. Ittt-bK-M thlN, the bruxbes cun lie caeh s<mii<- 
wbat ult. i.^l lu |«t>irlnti with ivfereiieu to the other* a» 
to iiuike any dcrdred otljuslmeut uf Use usoiwent of igul 
tiuii In (be rear Hutmber In reliitlon with (ho fmnt 
<'tuimrer. Another smull wheel at the side of the box 
mrulato* the duration of the vtcctrU* cieittii-t, 88 this Is 
required In engine* whlrh run ut vnrhihte spead ; fur 
llttifl the hirgc en- ptigliirM iiMiil with blast funuov 



blowing much Iocs. The HfOond ap|wrutos Ih tba striker 

whieh work* Hgnliect the lever of the sjHirk plug. Two 
of these Ucv lit* euu he room | n the o]K>nbi0i of the cylin- 
der casing uf the gas engine; ami a detail view bt also 
given. At the spark plug Inside the engine hi a Axed 
contact agninst which works a movable electric eoutact 
mounted on a rod which pasaes outt^Uie. mul Is adapted 
to be worked by a striker, thla latter bitting a short 
lerer oa the end of the rtsl so as to eause the break of 
current at the frpurk plug. The device ben? ahowu Mn> 
sluts of a magnet oore or aronnturv working on a pivot 
tuid carrying a hammer. When the rotary device on the 
ram shaft Clowe* the electric circuit fur the spark plug, 
the core Is attracted by the magnet with a sudden move- 
ment, and the h&tamer strikes the spark plug lever and 
breaks contact, tho- mnkio« Ihe are or spark for the 
btultlon. When the spark ceases the current Is broken. 



Elrrlrinl ro«l«cl-l»rnik.r .1. . i. .•. 



«&d the apparatus Umc 11b mariirtlaia. bo tliAt the 
li&miDer .xmiw* b«ck lo sefu by m millabt, oounU-r 
weight. UcmUUm hcilnir v.-ry re4UI4e In nfwratkuu. this 
olnctrii'all/ o[iera(ed break ban tho adraulage that It 
will work will upon all tetnloiia of direct current l»- 
tw«*cti 0(1 and 'J30 volts. 

A Museum of Crime 

To Mr. II*»a Oaoaa of the rnlvcraltj of (Irati. Au» 
trla. la do* tho rredlt of eotnliUahloB the Una uinaeuai 
of crimlnolojcy aad rrlialnallatlr laboratorr. where Ui» 
weapona. toola. and other paraphernaiu and aulrrtala 
tiwd by criminal, are aawmhled lo aaalit In tho anal}ste 
of the workings of criminal Binds au'l a Mndy of meth- 
oila and ayatnas for nVoallnc with Ihb) larrn and dan 
enrona class of every ctMoitnufilty. Thla museum was 
eslaMlalwl In 1SU&1N1H5. and since thru other mUMlati- 
meots of the aaose character have been onpuilBed. fol- 
lowing the plans which he eueeaaarully fonaalated. 

One of the moot Important of than, b the Society of 
Criminology and Hoclal Defense In Parta, which has * 
membership of over two hundred, lududlns; many 
l>roinllient rupreaci.tallTes of Hie law, the nullee and 
nsedkwl profearfiw: nnd It was orgaulaial to concrti 
irate ami centralise the acatlered efforts of Individual, 
who were stadyUig thla dlaiulellng social problem, and 
to make the results of their work a.allalile for mutual 
lufonuatlon. The vnluable and axteiialve mib^-utu «.tl- 
loctlon of the aodcly w«a presented to It by M. l'cchard. 
a former j^t^BUodaBt of Police of Paris, anil repre- 
sents tho gatherings of a lifetime. 




Rotary contact rloser on end of rassshafl, aho.u.g 
adjuMaUe contact hruahea. 



Bear cyH»4cr of a large horlsontal gas engine, showing electrical lgn»»" apnaralua an end of ram- 
ahafl. and contact breakers la openings of Ihe cylinder easing. 
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Acoustics of Auditoriums — I* 

An Investigation of the Acoustical Pro p erties of the Auditorium of the University of Illinois 

By Prof. F. R. Watson 



I. UTiionvcrto*. 

Much *m*m bo* arisen i» lay >«»r» m the mind* of 

an-ltii««-u Uo-auw of the faulty acoustic* that exist In 
many auditorium* The |#rvili-iw of echsie* and ra- 
wl-f-.amtt- with the ismseqitenl difficulty in hearing 
mhI und.-r*landing on the |»<*rt of the auditor uVf««ta 
tlin purpowc ot the auditKtum and diminish*-* it* value. 

The Auditorium at the l T w*rr*tly uf IIHiu pnwiti 
■uch * MM, The building b "baped nearly like a hemi- 
sphere, with several large affix-* and rees-*-** lo bnak 
up tli»* nipilority irf it* inner surface. The nriginal plans 
■ if tlw- Mchiteet wm« curtaihsl because uf iiiaunVleot 
money appropriated fur the nonsiriiHi<m. Tlx* interior 
i«T tin* hall. ihfMurv. wan built ol-'lutrlv plain with 
nJmiwt mi breaking up "f the large . smooth wall surface.; 
iuhI. at fir*«t. there MH no furnishings cxis-pi tin- -cut* 
Htnl the coco* tnattinir in the aisle-. Tin- aciwisticnl 
pn-pcrlie» proved In lie very umalixfarUary . A reverber- 
ation or undue pmli»ug*t»nn ■*? tin- vmnd evicted, and 
In addition. U-rauao of the large site of the ruiam and the 
form and position of the walls. MfeVM were «t «P- 

If an ulmrrv*-r aloud on lb* platform anil elap|ied hi* 
band-, n veritable cliao* of sound resulted. K*-hn*»> were 
hoard from every direction awl reveHierationa continued 
for a number nf wound* Iwforn all wo* still again- 
S|>rnkrr* found their utterance* thrown bark at them. 
Mid auditors alt over the bouse experienced difficulty 
in understanding what »** i*aid. On new oeeaainn inn 
I'niiensty '»and pU> nd a pbee which featured * 
phoivnsolu with arcimipaniment hv ilieidbsir instruments. 
It so happened that the b»d-T heard the echo more 
•tnmgly than lh*< direct sound and heat Urn* with iu 
I'laycr* near the ■ lopln ke|tt Uinn to tn« direct 
wwiid. while UMW further away Mlowi>d the echo. At 
etinrnniun may wi ll bt iina«inrd. 

Thiw it NMM that thi; Andit.»rigni wm ti«on»ed In 
be an aeoiwtical burn 4-; tl»al »-|«-ik»« and riiuxrr wmitil 
aviml It, and thut aiulitof* would attend cntrri*l«nit tir> 
in it only umb r pfatbaafk But tm* apiwent minfortimi' 
wu in one way n Wm-ftt awMN It |»n»vidrd anoppnrtinnl* 
U* ntudy defiH>(i^e a*i>UMtUii under exreptiuually tfvoil 
I'iMidiltonii and Uh\ to eonelu-joiu that n»t 'inly allowed 
the AudiUirinm t«> be impn>w<d twit alr*i imlicate •ume 
of the pitfall* to be avoidtil in future eomlruelioii ut 

An inve0.tiKatiun of the aeiMinlii al properliea of thf 
Auditorium wad b*irun in UMIH mu! ha> continued for 
mx yean- It WM do-Mled at the ouUet nut to UN 'VbH 
and try" metbndri of purr, but to atUu-k tha problem 
•ytUitnatHudly so tlial i** nt'ral prtiiriplra could he found, 
if inM»|ble, that wnuld apply nut only to the «na* beinf 
inteiitigated but Ui auditoriumj In fteueral. Thu plan 
»r proeedurw delayed the ndiili>Mi t*t th« pnibh-m. ranee 
it tM*mitu* BAMMMy 1° *tudy the theory of wonid and 
carry out lw».»r*tory invetttcatH'tui at th*< luunie tima 
that the complex ronditlutu In thw Auditunum werr 
U-inf ■•otuaik-rod , Tlu- aulhur »|n-nt one year of the nix 
abroad Ktodyinc tlx* theory of aexiusties Htnl tn*|M*«'ilii|{ 
\ori<iua auditoriums 

TIh< main wmttt in the Audilortum were loratrd by 
DUiiiu of a new uu-tbotl for traeinc the |«th «d Mound, 
tlu- liiiMi of m\erberatiiH3 was drterminitt by Habim-'x 
iiu iIuh). aiwl u pti' Tal ilim/nifiM *•! the a><ouatieml defceta 
waa nuule. Maiuctnipi Mid eurtaiiu were iMUlInl m 
at'eurrlanre with the results of the atudy ho that nitall> 
toi'iKidtlral properties wi n* im|»rov«»d. 

II. Ilt.iiAVjna or Soi: so W.tvr* im a Ko<im. 

Wbrn a np«aktT nddn-*-ii's an audtfii*-*'. tlw mihiuIh h#> 
iii-. r- iMMfaJ fn vsrt ....!,, uplu-neal wttoi until 
they strike tlu tHKindane* uf the room. Urre the Ritind 
m partly reflc<-u>d, partly trammitted. and the r« -l 
attn*fl*od. Tlte mi^miiiI* of r>'o««-lion, almirption ami 
Iraiumixsiun d< fH-iwt ■>» the <-luirai'1er of the walli. A 
hard, ronouth aall tmmm «»*»- 1 *«* Uif *mind *** that but 
littla ia - r • < - . - i - 1 or alf**rtHil In On> i-umi uf a ponuiH 
wall or a yi< Ubntc tin- ul»-«rptii>ii and trunnnuaiion 
are rm-nU-r, and the n lUv-iiitn is bxa Aftrr strikinK a 
number of nfloetirur xurfwe*. thi> eiirtney In um«I up and 
tlin «uund die* out. 

The rvfleetiun nf sound prodif^^ i^erlain ad\unu*.<i 
and duadviMiUi'in for lh« •eaaJatbaV When it i- eon- 
sidiTiil (but wiuud tra\«-K ut«uit l.liil fori u m«i*imI it 
may Im mn that a n-ou urilinary ii»e is alntio* im- 
nirdiah'ly till* «l »nti mmuimI U«-»h-»' i.f iIh- ninny n'fli*** 
lions. In u nfoni Hkfis t *t»iu»n . fur iu^innee, ibe numlier 

Ml lort»<r lit UH |M-r •»» Mini bt < u.* 11 Mppmjl*- «,*Jb b 1. 1 ill 
: III, i»r j|i|tnt\u»iii1« l> ntimluT i« r> nllv cniil'T 

• %t onvi a Itaitwun 7:i gf Uto Fnntn- fliic Cjpvttuioil M*- 
L..u I'ubtUbuj bj UM Uawiy uf |IU*^4* 



than tbU. ninrs< tlu* sou ml llvat Kites into thi- rortw-n. is 
r« fli i ii d miit-b mure fn*qus-utly than out in the iniddli- 
where the distam-es iM-tu^ti tin* »alU an 1 rn-ater. Tbf 
r*wtdt it that the mmmt uiiw« tburuufhly in all part- of 
tin- m a* to ctvi' tht- Hanu- a*.«-rm*s iutrnsiiv ; that 

b. tin sound is of the same aterai*e fouif-iru tisr all 
auditors, even I«t tbuw in tlw n-inol*-*-! eornen-, 

Tbouifh tbi> ri'llfi'lHHTi of >*ouimI ha» tin- nduoilruri' of 
fiillltliuti ths» rtiiuhtiorts fur luudnm*. it intn«lu''i-* at 
tin Himie I i no- iN»«-.il»i|iti. « Tor o-ttini; up di*le«-ll%e 
u*'nUhtio4 Kor itihianti-, wtien thu walls ia* tlu- nnMii am 
hard luid stiMM>th vi rv little enenry w lout at caeh impa* t 
■4" the wuiiid and many n-oWtioiw lake plni*e befon* it 
Anally dkm out. Thi** kIu* d^ends*nn> of tbv sound, or 
rrtr/brruiton an it is eatled. Is the must eoinmon MMH in 
Htiditurium* 

If a spcaktr talkn In sueb a halt the at m| :(.■•> have 
difili'uliy in umUrstarvdinir. Kaeh hound. inst4«wl ol 
dyinar out quickly, persist* fur some time so that the 
sumts-dttu; t...nt. Mi-nil uitli ibcir |m« l< «•«•••• ir« and M-t 
up a mixture of sound* which produ<s« ronfiuion. The 
eiirc for the trouble b )MMui;ht bin Kit hy tlu intriHluetiun 
of inHUrial* sio-h aa curi* l*. tapeslrM-*. uud the li k*- . 
which act um n!i»' rU f» of mouimI muI n-dusv the tinic <>f 
revcrlk-ration. 

\Vh*ii uiuf-ie is ; -I in an auditorium with a pn*- 
l<»n«td n>\erlN<ralioii. tin- i»iiw« folWwinc 'wo' aooUier 
bU-nd and pmdure the sMue effiot as lliai of a piano 




l ie I. — Interior view toward balcony. 

when played with the loud pedal in use. A reverberation 
m morn ad\ antaceuus fur music than fur speech, since 
the nniloncatiun and binndtnc of the mutacal touee is 
dtsskrvd, but the mixing of the words in a apeefb is a 
iti»tim-t dittad'i Aiitiure. When eurina: this defect fur halls 
u»c«i for both mu-ie ami -tpeakliu;. a middle ei«ir»e miwi 
be Kteered, that the rvvertH'nition b uimcwhat b>nc 
for »|*wkinc* and sumewbat short fiar musi>\ >et fairly 
sati*f octury fur lioth. 

tluiiur bai'k to tbn e»»n»uh rstkm uf tlu- relW«-llon of 
sound, it is found that another MawA may Ih* prtNiuM-«sl, 
namely, an orho. This is the fa*e -a hen a wall at some 
distant** rellectM th*- •oiind to tbc (-..iii-.n of the austitur. 
He Ini-srti th»- MMiiul first trora the speaker, ttu-n lai.-r by 
r ■ ■ i' ii 1 ; ■ ■! . the wall. The tima interval between the 
dm«et and reflected mouimI rnunt be cnut ••umiicb to allow 
two dl»linet iinpreMiona to be iiuwb-. This uitm 10 ui* nit 
l.l'j of a s*>iind. but varies with the acuteniws ol thn 
ohserser. The farths-r off the wall is, the (-renter is the 
lime Internal and tin- more pnMi<>uneed in the erho. If 
the wall is not very distant, the time int<-rial is too 
wmH to allow two di-tun t )mMWMmwt to Im> made, and 

Uic effect on tlw aildlUjf is llu'ii much the Kame nn if his 

iwiirhbur at his side spmks the words uf tlu- di*cour-*- in 
his ear at the same lime that be cts them dlrwtly from 
lh*< M|»sikrr, In ca*-e the rvtlectinc "all Is euned fto ad 
to fut*us t be auund the echoes ore much more prtmouueisl, 
A eursed wall when>ver it may Iw (daced in an audi- 
i-.ri'ti b thus idwayx a niertaee lo k*kh\ acusutica. 

There an* otlu* aetiiHia of th*< si>iiml that may nwult 
in aiMiustical ib-fecls, Tin* phenomena of rtmnauee, for 
in^tans-c, may anjajg tmuble, Supi-oee that the wave* 
of mxiiiiI iiii|rtiiK>< nit an eliixtic not loo riirul. If 

th«->e wavi~v an- mi •■ I riffhl tha-y m l the wall in vitiratbun 

til the -taim- «a> Ihtil llis> liell '<■>:• - caU-M-s a Ih-11 to 

rine* by a mi --»iimi uf pn«|Mrl> timed pulls im the bell 

r»t|i#-. The wiill td the n-im m ill ibeit vibnil*' under the 
-seiNin «tf tht* Htiiind with uhieli ii |a in tons- and will 

rcliiri**-** iL Now •op|«i-«' 11 Uunl it |i|:i>im- ill a PMOII. 

CeriaJn l«im-s are n-iufuretd. aloh- tlw otlnr- an not 
alfis'ted. The urunnal sound u tinm distorted. Tin* 



action is the same on the voice of the gpenber. Tie 
"ounds be utters are complex ami aa tlney rew-b the »nJU 
•'•Ttain eumponenta are reinfon*ei| and thn quality uf 
the tMiuml |k chanc<sl. This action of nwoniuicv may aUs 
be caused by the air in a room. Kaeh room baa a dWlnit* 
pitch to which it n*sponds. the smalb-r \\w votum* U 
thn nwHit the hxrher Iteiiui the wti-h. A larye auditorium 
would n>|M>nd to the very low pitch of the buyoi (Iniui 
lu small nmm* and nJcsiviw the response In made to hivhrr 
plVln d times, as may be observed by *iii|finir the tliff. 
en-nt notes <»f the M-ale until a rvaonanee is obtauned. 

Another action of sound cauaea the imlerferince ,4 
witvi-K Tims tht* reflected wave* may m*s't tlw- onninr 
intr ones Mid m<t up concentration" of sound in certain 
positions and a ib<arlh of sound in others. 

SumminaT up. it i* **s*n that the effect* uf Hound »hi*k 
may exist in a ns>m are (eudnej*. re-*rrb<ritiiaa. ttAwt, 
moMiur, ami inttrfttriMt*, and that the must eumnna 
defci'ta are reverlM-ratUm and ex-hues, Wv now turn || 
the diwuKsion of the methods uf the eurw. 

III. M KTMofrs or luPKovixn FatitTT Acotmncs. 

A- RCV»'RHKRATIUK AMD ITW It'Mg. 

Kverynne baa doubtless ohserve<l that the hutlnv 
mv«*rt«Tatiuas in an empty house disappear when il* 
bouse is funiinhed. Ho. In an auditorium, the re verb st- 
ation it Insarmeil when curtaina, tapes trie*, and the ike 
are installed in auf&rient number*. The reaaon for tots 
oetion Is fuund when we inquire what ultimately beeixnt* 
of the auunsl. 

bound is a form nf enenry and encrtty eon nol he de- 
stroyed. When it finally dies out, tho sound must I* 
changed to wiiw; other form of cnorfry. In the om el 
the wails of a room, for instance, it boa been shown in a 
prorediiur paragraph that the sound may be eluacrd 
into meelianieal enenry in tie tunc those walls in ilktv 
tion. Again, «onw of the sound may poos out thpso/A 
open winslows and thua dbapm*ar. The rvet of the swini 
aeeordini; to Uord Hayleigh, is ImuMforrnexl by frWuon 
into boat. Tims' a high pttebod sound, such as a (lias, 
before it travels any great distance is killed out by the 
friction of the air. Lower pitched null tids, on reaching a 
wall, md up a friction in the pruesw of niAeetiua ts twi«n 
the air partlctesi ami the wall so that some of the enenry 
In converted into heat. 1 The amount uf sound energy 
thus lost is small if Ibe walla are bard Mid -nv-ilh The 
coon it much different, however, if thn wall* are rough 
and parous, trinee it appears that the friction in tho pores 
dimipatea tha sound energy into beat. In thin ounneetiun, 
TjuiiM writea: "In a aufneiunlly narrow tulw the waws 
am rapidly stifled, the imrhaniea] energy l.-«t lieing ut 
course converted into boat. • • • • When a xniod 
wave impinge* on a slab which is ps-rmcated by a large 
najslbtf of wry minute ehanueU, port of the enurgy u 
lost, so f ar aa tlte sound is concs-med, hy dUaipatinn 
within thess* ehonnela in the way just explained. Tbr 
iMtfftwaM tn hangings and rorpeta act in n simiUr 
nuotuf, and It is to thai cause that the effort of w»fh 
apidiunees in dnadoninc <*rlioos in a rooau is to he aecribeiL 
a i*erUiu t>rio,H*rtum of Uic energy being lost at each 
reflection, It is to be observed that it la only thruugt 
the oetion of ifi.« di^lpative foreoi, sueh n* vtacosaiy 
ami thermal conduction, that sound can din out in an 
oin-l'iM-d «puce, no mere modifications of tho wavea br 
irregularitie- lielng of any avail." 

It should b« poautoit out in tliis oonnoetian that any 
morhanieal breaking up of the sound by relief work ■>□ 
the wall* ur by obstacle* in the room will not primani/ 
diminish thn energy of Uie sound, The** may break up 
the regulM reflection and eliminate ochoc«, hut tho sound 
energy an such disappear* only when the friction i* art 
up. 

The following quotation front Rayleigh' emphatic** 
theftc conclusions: "In largo space*, bounded hy noo- 
poruu* walls, n-if, and flour, and with few windows, s 
1-nsVing'ii mwinanoc suein* tnevilable. The mitigaunc 
inltmticc uf thick carpets in such eaao* is well known. 
The apidieuiiim uf similar material to the walla and nW 
ap|s or» to nffor the lo— 1 sJsMaM uf further improvement 

Krprnmtnlttl Work en Vutt nf Rr*rrl+miu>n. — Tk* 
nuHt imivirlant exi>erimr-ntal work in applying; this jsrin- 
ejplr- «f the ulnwirliiug power of carpet s. curtain*. et» . 
Ito- U*en done by iVufc-or Widtno i\ Katniioof Harva-^l 
|W*-stM|tjrJ In a sit of in*. resting i\|srirneuu Ib -r. ■■:..* 
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■if timr years, ho wan able to doJuca a 

hci-ween i. the tin f reverberation, 

V, tlw volume vl tho rm.ni. and a the ala.irlalug ]n>wcr 
«f ttnt diiliront mutaTisls trnwent. Tints: 

I-1.1M v n (|) 
Kor good »i«>u«tii-»] conditions, that is, for a short 
Unie .if rovirriaorntiun, tbo volume V should be small 
luid Uii- nhrxirhing niiit.eliils, reprove,!. il lay a, laiwn. 
This i< the m«i In i hi' small mom with plenty of eltrtuimi 
and rued and furniture, If. ha.wnvvr, the vuiunw of 
the mom In great, as in tb». rw* of na auditorium, anil 
*'*•* amount of Alesariaing uiAtcriAls small, u traHihlaa/auic 
revertat-riilron will r.aault. 

l*rof<**tir Sabine determined the Alaturbiftg paawcr* 
"f a iniiiihiT of different matcriaR Calling an ojicn 
window ft |H-rf<ttt alaaorW-r or souiul. the ro»i.l!» ..btiuiifd 
may lac written approximately as f.allows: 

One square nu^lcT af open window space I tali 

One square nu-la-t of gin*-., plnctcr. or i.rirk IK25 

« 'nn miliar* meter of heavy nip., curtains, etc, , . 25 
One squorv. ,4 l„ ur felt, 1 inch thick ... 7A 

One aaquarc meter of audi.™* las 

Those vhIii.'h, laagethcr with tbn formula, allow a 
calciilntiaAn to lie made in advance of eonstruetlaati b.r 
the lima, taf revvrbaration. This pioivntr work cleared 
thi. aubj.*t of itrcluu. tiiral acoustics from tho fog uf 
mystery that hung ovnr it and allowed Uio nssrtitial 
prmciplcs to ho scon in tbu light of scientific ex}acriment. 

In a latter investisnitit.ia' Hfthlnc ahowad ttiar, tin. rcvor- 
haamtion dcp,,n»|,d al«o on tbo pitch of sound. As a 
ooncretc example the high note, .h* a violin micht !«. l«. 
revcrWam with a Urge atidicoiw than the lnwcr town 
<tf (1i<j baia \ittl, althoufli li.»lh m^ht hnvp ihr N*nin 
n»v««(».>raikit] In iht* mom with no au.liuwy. Again, 
llto voice of a man with n..ti« low pll. h inltht pio 
aatl«f». t or) noulu in an anditorium while the vuit-o af 
u v»x.tnan with uighiT inU'h<«l imUo would hv uii«iil»- 
farrttir;'. 

Tlw» coiuniitTutloiiM Mbow lliat tlu< af>iMiHtl<M. ill au 
auditorium vary with other Iikuts than tho volume of 
Uio room and <W Hiii..iint of aitonrninc tnatwial jinnont. 
Tlwt auificncL> nay 1m> larovi or kiiuiII, tlie arMualcr'a voi«i 
hiieh or low. IH.' .•nt'Tlaiiunoiil a lituiii.'u] miinVr or an 
addr.w«. Tlu* l«*t armiur'-uM-ut f«r (i»od a.HtiwUm U 
then a p^Wll|^r»lmi'..• wlo-n* Uic avenuro condttionM ar« 
«tiKl|.,I. Thi- »,^,aion t.y lVirf.~».r H«Uv a 

mirh an auraer ..nr. and has jirovrd .atisfactorj- in 
Irraclior.. 

Th(, tirohjcm of architortura] acoaatit'a luu h»^-n 
attark.Hl .m|a'rini.'<iliil)> lay olla.r »..rl..». St. wnrl' 

Silal'ry Audlioriimi «4 iNarn.JI ll.i...T-it> , 111- .t|».rl- 
l.l..i,l» mullriio .l tl.i' work <a( Nol.in, . Mtarwr. ', afl. r 
invcttt^utlna. the |arvap.rti»^ of nl.^ hiallain I*arbi, appro* .0 
(NalrtiKii'ii rrsflllta and a.lvneutc.1 a tin., .af rvivairiarnatiam 
of from t.j |o I rroanvd for tllr I'lOH. of rapec'h. 

fomtuUt far «r.«ftaarrjJiut. .S«un,/ ... aa S««. Oca 

tilt rhoaart-ttmil rii.lo, SahtDc\ formula hax bt^-n da-va'l.^MHl 
by Fraaiklln*. who ohlaina>d tliv n'latlaan r-0.1iV2Vl' \-<i, 
an int.rau.ting conilmiAtion. since Siabin..'}. dpariinvntal 
vidiM! f.w the ..•o.u.tant m 0.1IH. 

A Ut*r dBvaJopmctit haw own giv.-n by .Imw". who 
Mflutnn for a rwoin whoac duncnsionB am not Kraqitcr 
than about CO ffH.t, lliat Uat. Bound, aff fttling tho r.ioin, 
(huuk« «iually in all direction! through any point, and 
that the averaeo enenry » the «ame in dlff.tfcnt part, of 
the room. By i»in« tlx. tboory of probability and «u»- 
taidoring that a I .cam af sound in any dirootKHi may be 
tlknncd to a laarttcle with a definite voloHty, he. waa aUo 
to tlandocn Sabtiu.'a formula and write down the faoton 
that enter into the cotvilauta. Applying hit rvaaulu to 
the aw of rvOo-tlon of aoand from a wall, he showed 
that aound would bo reflected in irroaKar volume worm 
the inivwa of the wall w*a iejoreaa«d and the pitoh of aound 
mjadn higher. He ahowed al«o that when sound Impincea 
e enency ia absorbed when the pitch 
■en it ia low, ainue the vibra- 
tiona oaf th* air are mure frequent, aad ronre frinlion ia 
lutrodueed in the iuteratipos of the material. 

B. arnnaa axn Taizta ataHSOT. 
An neho it not up by a refiectin« aralL If an ohaorver 
atauxb aomo dktaooo from tlu. front of a rllff and elapa 
nia banda, or sboiita, he flnala that the soend ia rotumed 
to him from the cliff aa an evrhax So, in an auditorium, 
ao auditor near tb» ajwaker geu Hie aound Ural directly 
from tho ape-kw. then, an instant !*» 
tion of u.0 aoun.| hv reJlectlon from a diaton t wall. Thla 

1 "AmtguciuiiA AmaMtaea.* Pcoc. of Anna". A mil of Art*, and 

Vca aa. pp. aiMw. itoo. 
' r ' \v auaai -AirnJaKtairaJ AcuatfUoL*' Blblw Jeaariaal ot 
rtibllalinl by Cornell Uaiverany, 

N Y 

aeeuaunu ,.rtalaua aaJlea pour ta vola pana,." 

'. S7H, inm. 

• W. H rrutknaa "iMrlauloa >■< 10a»«a... <* IX-»)lntt Mouad 
» a Hrn.ua anrt l>.4nlU.,|| arf «.(»n K.,oHaJ..H t* AUaorta- 

»« P.awae - PlarvkW too*., VH la pp. a72-174. IUUX 
«• ti Jlarre- "W Tkaola .1- Necthalaa. 

a AkHfat., |„ Who. 

: II a Mat UII. 



ei'bo ia inore pronoainoaad If the wall la ellrved and the 
auditor it at tho point where tli« aound ia fomiaand. 

To .. U re rati, nu echo, two metboda may be cotutiderud. 
Ono nuathaal ooauAta in rhanirine lh* form ot the- wall ao 
that the reflected aound nn longer eeta op the echo. 
That i». pltbw cliange the angle of til* wall, ao that the 
reflorted aound if aent in a nr*w direction wlivrv. it may 
ho ulwrbod t* wlicre it may n'infora* lb«a direct aound 
witlwaajt nrotJucing any ooliuta., aar olao modtfy tlie aurfaev 
<>f the wall by relief work or by panela of abatirlMlia; 
inataThal. »o that tlie ajtrouk" rclVa-Ual waao ia broken op 
and the round is scattered. Tlie second incUunl tl to 
iriake tlu nelwllng wall a "t«»f.«t" ahtarber, ao that 
the iiaa-i<| ( <nt sound i* «wnllowT«3 up and little ajr hajne 
n-ll...ted. Thaye metlxKla have bea-n dcaiglaated aa 
"aaunrj. Hj" nnd "medicinal" rcaneeUvcly. Kaeh method 
luu III di^a/lvantairw <'liaiielnf Uw form of the wall 
Hi an auditorium ia bkely to do violene* to the art'tu* 
toutural dealirn On (lie otliiar liand. (here are no perfect 
itbaneliec*, except open windowa. and tha^a.. can seldom 
be npplied. The cure in oaeli eaao la, then, a traattvr of 
atll.jy of the apoeial eenditiona (A tlie auditorium. 1 TstjaUy 
ft cirrnltiuftlkm .af the aunncal and tbu ni»«dieinHl euree ia 
adopted. Vttr in^tjuaee, ooffairing a wall ao that panela 
of ahaairbing material may he intrajaluced Isae 
to work well in U.Marlhir 11*- aawaa^tiea, and alaa., Ill 
"neea, it fits in with the arehito^turaj features, 
c. ruri:i.AR C0N<-airTiu!v or cimvifa. — v*l or wiaBe 

AND BOONHINiI RnARlM. 

A few words should lie written enncernine tbo popular 
na.tion that wires and sounding boardk are .iffeetlvo In 
.illritig faulty acouatia-a. KxptTinp^its and obaorvationa 
show that tlie wiren ore .a* )araelienily no benefit, and 
aminding lao.tr.ta esn tt*r ub.h3 only in ajH^lal eases. 
Wiro* stretclie.1 in a naom acamt-ly atTret the vcjund, 
atniMj tbey proannt too ainall a aurfaax. b> dlatnrh the 
walos. They have much the aiuia* eltect on sound waves 
that a lash line in Uita aater baa on wata.r wavajs. The 
irUft ho?, perhaps, grown into promiocnee booAUse of 
tlie action of n |.4ano III rve|Mjndinic to the notes of a 
ainncr The piano has every advantage over a wire in 
an auditorial lav. It haa a ltarger number <a? strings tuned 
to different pit..hoa so that it responds to any note annn 
It Also lias a Houndiajc Iv-eird tbat reiofora^s strouifly 
Ute round of the strings. Finally, the sinter Is utually 
near tho piano. Tlie wire in llu. it.i.litorium 
to only one tone of the many likely to be present, it 
no sounding baaarH, itml the allig.q' a« atonie diratitnce 
away. But little effect, therefajre, ia to be expected. 

The iiutliair luu vUllavl A nu italae of halls where wires 
have ben installed, and luw yet to tied a ease where 

pn.n iced improvema.nt h»» rvsillt.al." 8abinaV> elles 

a .'ase wham five milue of wire were streli'tSa^l in a hall 
wtlbiaut hcljiinir the woustlaud ...inditiuiis. It is eurioiaa 
Uaat so amani^ius a coneeptaoti haa icn»wn up In the 



over too ahaart a diataaoe to e 
to any nurked extent-" 
Uiwlw aperial eircunutao 



> or the sound 



stUsAdvantAi 



it. 

Soxndinf Bcarfo, — Swainding beards or. more pro|icv!y, 
rellva'tiug laiuardK. have value in apeciul ©aaiesl. Some ex- 
Ixrinia.ntA are deaeribtd Uiar when prooouncod eiTeete 
were obtain.^, Tlie sounding board »!*.uM t» of speoial 
rt.«lim in fit the cnmlilkaM under which it b to be used. 

.l/oscnee A'ao* /tuafaCeriuma after Old Oaea teiJA <7eed 
A mu ,tu--t. -Another aiianrestlon uafur. made ia for archi- 
tects to model aiaditoriuma after thasje already baiilt 
lla.it have good aeouatieal prouortiw. It < 
that halls ao modeled will bo auoeeasful. ainee the ■ 
is*. iir«J in oonstrwition are not the aanMi year after year. 
Fbr instianee, a, few years ago It was the canal araisUrm to 
put lime plaster on woodao lath; now it la fraavuesUy the 
pruciicaa to put eypMim pUtter on uietttJ lath, which 
fornu an entirley diflervnt kind of a aurfaos. Thk latter 
arrarajrAmeAit nuakea bard, non-poroua walls which absorb 
but little Bound, and tbua aggravate tbo roTerberatiwi. 
Furthor, a now ball usually is chant od aomewhat In 
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or m TaarnuTloa aTSTRAl on rua 

acoustics. 
it might aeein that the ventilation 
in a room would affoet the aoouatieaJ propertiea. 
The air is the iz>ediuiii that tranrmita sound. It baa 
been ahown that the wind hot aa aetion In eauuei'u.- 
tho direction of propacalion of Bound." Sound la also 

of (SAW that 

in density and temperature." It it found, bow- 
ever, that the effeet of the usual ventilatioa euureQCe on 
the aeoaAatioB in an oem'torium is small. The taarncasrAture 
(bftetTOoe between the beattw 



■ mayor 
or a eurrent of hot air in the 
seriously dialurb the action of 



nter of 

■nd. A 

in the air eiirrenta ao that alieete of oold and heated air 



A hot stove 
.ha room will 
y iirt!|r*ilartly 



" Arcb Quvtarlr of Harvard Unlvaeatsr. I 
•• itaruuc RarmaOa Free. o» Bayal See. Vol XXII.. p »l. 
IKVa. 

» Jasaipl. Henry. ' Itapsrt tt lbs lA sl.l laoas a Haaarrl of ta» UaaterJ 



action of the sound and produce <»rdosj«n. The object 
to be striven for ia to korui the air in the mom aa hoino- 
gtanoous and atoad)' as jiaaasfhte. Hot sloVM, rod 1st at a, 
and current* of bested Air should be kept near the walla 
and out of the center of the room. It Is of some amall 
advrtntacr to have tho voiitilati.m current go in the tame 
that the euurid la to go, since a wind lends to 
the sound with it. 

<.V> (It cajlKvSd',1.) 

The Widening Pellagra Zone* 

Tiik rv«.tmt «Ki.ll.« of Dellagra, and exhaustive re- 
port* such as that of the ThomDson-McFiwl.b.11 IVIIaCTa 
Commission, bavo uradotibtadly raatulted in the diseovvry 
.af many olaaeure oasea of this diaaMuae which otherwise 
would liave eaeatied detwliam. This stetcoirnt prtdaatbly 
ftpjal ies to a groator extent in Oip rHrtons tliAt ara. autaposed 
to be oijaslale the focal pellagra xoncs than in ]iIaoo. where 
the disnase is of common aatvurrwiue. Nciertbeless. tho 
nunilwr of eases that have been rnporte.1 att point* rv- 
m-.te from tlie fas-nl eenbTt. and the fact that many of 
the euudiliona Attending tlicaa;. eavM-a da. not AHinf.irnl to 
the observations nia.1.. in the South. f..n.c Hie «nicluiUan 
that IIh' dia.twe is not .inly lner<.a-.iiig its territory, bait 
is invading clo**.*. Utat ha 
.yiHy immune. 

It ia poasibiai, re 1 ooairse, that oaoii In reuaati. 1 
where pollairra seems only rc^ntly to Itavo mad.' It* 
appenraraee, the .liaeaite is not really such a itovclly. but 
siinply that it lias not bean rco<tgit!A.>d heretofore. This 
11 a irwe.nnlale siippositiam, jiarticiilitrly c. rt-gards tlao 
milder or nlxirtir., ty t » ,,t cnassa. But it «»u hardly l~ 
troe of the virulent types. Anal tlx. natural ciwliisia>n 
K biiii c wcll.marlie.1 nm are maw making their np. 
pearance in dlstriets that avem to have oscaikhI hLUiaTVa, 
tlaat tlaa. alinivse is esteaidiltg «* »>ll" "f Oltaarntion. 

; toe disrsuai is usually the ciHictinitniit 
.if ninlriutritiam. povaoty, axial Iha.1 liytrtaTtc. "In amr 
ojili.ann," f«ya Oala reapurl. "th.. view that iwlrftgr* is au 
intestinal infeetiam. transmitted hv oootanunatCHl fo.Kl, 
to which tl". individual is rendered m.*e suseeptilile bv 
malnutrition, pourly wlr-1«l or i^nstIv |*.,^>d f^ 
anal by the .-onimon ciutro-inb-.tinAl ilisvurlianrve re- 
xilllrssT from errors in diet, aat a . a.nccpti..n worthy of 
further study " 

111 moat of the casus .if this disease I bat hnva< come 
under our observation roeenlly tlw. .a.rHiitionw ra^erred 
to In tllis repaa-t did not prevail, allbamgli nil of tlHam 
presented tbo typa-nl plctliro rrf pa^lngra iteelf 

Aimrallng to the TlaoniiAaon-Mci^adden < Vittiiiiis*i..n 
a.beerrers the diseeae is ptajuliariy pra.vittent am.ant 
wonten between the agos of nineteen and forty-five, 
whereas the rate of prevalence among malta. drvap-s very 
appreciably at this time of life. The exact amount of 
Hals decbrae ia ahown by the fact that, although tin. rate 
of provavtonoe ia practically equal in the t«o laajxe* among 
children under ten and niuonc adults over forty-tfiAe 
years of ate, in the iiiterverjirur peri.«l tin prornartion 
of wanner, afflicted is about four to one. 

Hut patrrt*[ai the most intereellng single feature jan- 
aa.nled by the craace brought to our attention in Una 
vicinity, ia the fact that tbey occurred aaioiig: a olasas of 
popaoiM reprcascntuig a very different eayaiiomio status 
from the majority of craaee obaerved hy the Thompaon- 
MoFadden Comiitisjeoti. And tho rcporta of casa-s in 
Ix« Anjttdea seem to indieaite that tlie patientA h.ot> 
UrgeJy those frum the better walks of life, or at least 
wwre porsoTis Aa^stomed to goaxl food and hygietuo 
BixTFotutdiiuni of the middle nlnani 

Casxtaiiily the aa^onomio eondltion of these casee eon, 
trssts strikinirly with Uioae report.^l by the Thompeotv- 
MeFadalen CornjtuAsioo obaAsrvora. for these ooasarvera 
report that K per eeat of ca*» ovnirrod among people 
of liianaaauieut maMUla. who were eating pour, badly pro- 
raxtwd faaod, and where geueraj eaioiioiiaie eondinoua worn 
bad. Probably tltetr nndiojrs an distinotly mflueiwor] 
by the rdACively high rM»»ntaVt» of poverty In tb» 
regiotia under invvartiirAtAorA. But In any event it in 
ia Greeting and aignifleant that the ctuee boot in b.>aa thorn 
C-alifornla tAken ooUeotlvely refute the old idea that 
pellagra ia largely a "Altai disease.™ Or at Waul they ih i w 
that. If the diseaae was fomuarty only the accompajunieaait 
of poverty, affecting the lower elnaaae, it Is now antendinir 
its Attacks to the more favored rtrata of uAcioty. 

T rmaill 1-- tteeoetl. Vol 01. p. 770. 1*10. 

WateaaA. «a«laaerloa Baawl. Vol sr. P Jns. tail 

•• s^assa and Waaasa. ItaM. 
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Mrn'« rrtmltsB »roufid» at I hi- l a.ft.un Worku, H»iim« illr. England. 



I j*n trull* || round, at I'ort Sunlight, KnzlantL 



The Welfare of Workmen in European Enterprises 

Improved Housing Provided, and Health and Social Conditions Considered 



|m three day* of grvHl competition, especially in the 
*ogineerine and other all nil trad pa, many Anns axe alive 
to the tweeealty nf up-to-date plant*; comparatively 
fc » of them, however, realize the extent to which the 
workman's environment alter u Id in and hi* work 

Experwiirc ha«, however, proved that frequently a 
Unr»* imwuure of the soeeesa of an enterprise is duo to 
the condition* under * Inch the employee* do their work, 
and the companh* who have spent time and money Id 
improving th»- environment of their workpeople havn 
ill tlx I invariably obtained com! result*. 

Tin- justification for securing the welfare of the etn- 
ployec i« twofold: Kirst there u the moral obligation 
nf tb»* employer to provide condition* of work that tend 
to the eomfort, moral wetfan* nod aelf rewpeet of the em- 
plovcd. .Secondly, there H the advantage of promoting 
a eordlal attitude on the part of the workmen toward 
tin- employer. 

We know thai great ptiigro** in welfare work ha* been 
made m Anvoriean factories. The present article tvfen- 
(Mnly 1o what the old world ha* done for insulins* a eon- 
wtiM-nt life and agm*lM)e surrounding* for their people. 

Ki»r I he Mike nf convenience, we will nmup the variou»> 
Nwturee nf work untler the head* of llrnlth. Recreation 
ami Kdocntion. and Homilng: 

ttrnUh t*nd*r ihi* bead, which i* the tir»l that »bouM 
concern Ihc employer of labor, there are two distinct 
held*, for operation: thai nf the prettcr ting or the worker*' 
health, ami that id dealing with their various. aUmeot*. 

Convenience for the *upply of mr»i* for worker* Uvinf 
at a di*tanre, the supply of fresh awl Rood fruit at cheap 
rate*, the reduction of the working hour* to the loweat 
IHHctilrfe limit, readily hijggod them»rhea. In luldiliiMi 
to lufty and spacious rooms, various contrivance* nm> 
l»e introdueed fur securing alxundnnoe of pure »ir. 

It in an undlNputoil faet that the workman'* lieallli at 
greatly affected by hi* *turouudtnir>, and thi*, it mint be 
borne in niitvd. doe* nut end with the preaent working 
generation, but imi-i have an mttuence upon the eliildren 
who. in time to conic, will have to take their fathers' 

BjfflPBSJ 

Mnn> KiirofMnn employe* bavi- mad* 1*0 vision for 



By C. Van I-angemlom'k 

giving their people opportunity for decently rating a 
lunch in special factory rooms or restaurant* In most 
caac* arrange inent* are made fur selling at very low 
prices, food hot coffee or other soft drinks and warm 
food. Other installation* make H possible to warm food 
drought from home. In the ease nf married men, for 
instance, some employers offer the food below cost and 
think themaelve* rreompenhed in other way*. The «li*- 



trihutWn of nropnrod food pnment* no special difficulties, 
and our photographs snow how thin i* done in the avrki 
of Messrs. Cadlwry Hroe., bourn till* lF.ugla.nd], ami 
Muter*. Lever Hro*. Several lance works liar* their 
own iloctor whose whidu time is at the scrvic* of tie 
employee*. * 

In many m*t*ncc* lavatories, locker*, drcssiing and 
other deeent sanitary and toilet convenience* arc pro- 




Boy*' brigade and huglc hand* at the worka of Messrs. Lever Ilrothern, at I'ort Sunlight 1 . England. 




1.1/ U' dialog room, I'ort Sunlight. La gland. 



Gymnasium at Houravlllr, England. 
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The ambulHiirr brigade at Part Sunlit H. 



fair!** recreation jcrouad* at Itournwlk-. 



% nl. il Ni* im will dispute that a workman ha* a right 
lo go home with rUauu «dothee a* *«4I at eU*m hag Hal 
luuida. Further, It itc reeiignujcd that the number of deaths 
'-jwiaod by disoaao* and h) *t \rwl a* imjMirUiit 

a question an that of doatht duo to accident*; and in 
providing e« hi Jortable washing and changing aonomoda- 
t Km. many hve* am spared every year. In nunsnroua 
vrortw pro* Irion in made to deal quickly and efficiently 
with any c*am of slckno** which might occur. There 
«*re ambulance boxe* in different port* of the wurfc*. 
fitted up with the ncemary apjdianciM and clear in- 
Klrurtiona Tor use. 

fUcrt\\tum. — Much coming under thin diriiaon do- 
etervew a plats? under the previous one, since the induce- 
ment* to . nc*cf physical ewrel*** and h**ltb-gmrtg 
immc* tend to maintain a high standard of health. 

* :,|.-nrn^ hut. demonstrated that the »'ork]ieo|il«- xr» 
Mm wing murh enthiisuuun fi*c rorreaUon institutions and 
love to lake their recreation in common. {Several large 

Kuropcan works h*»e their own tlourihhing recreation 
dub*. Worthy of notice among others, arc the exten- 
sive recreation grounds adjoining the wort* of Moawr*. 
("adbury: one for women and one for mm. Thc&e 
ground*, iwh of *l*out I- MMai are laid mil to nn-et the 
modern requirement* of cricket, football, huekry. and 
other game* II may be said that the development >>f 
these sporting game* is a powerful factor in the bringing 
totcether of the i-ln****. Once in football ooidume. Tor 
instance, the distinction of proletarian and millionaire, 
workman and foreman. no longer exi*t*. 

t'hiefly in Kngland. iiuu/inlLerut Intro* an* found an- 
ih ^nl to the work*. The managing staff have felt that 
with opportunities for regular weekly lmilung arid U«rn- 
tng to swim, the working people would not only be strong- 
er and healthier, but |iertonaI hygiene wmild be kept 
to a higher standard - 

Education. — One of the moot important means of 
MH-ial uplifting is the institution of youth*' club*. If the 
social and edueatMmal welfare of the young generation 

received a more careful superintend it 1* certain 

many of the social problems, which at prvocnl pre** for 
notation, would do longer arm*. None m*«d the atten- 
tion of the wisfaro worker mora than the generation In 
which the hope of the future is centered, and no institu- 
tion will have more to «oow for It* existence, hot h i it - he 
prcaent Mid the future, than these clubs whw member*, 
j| may he prwumed, will bome day h* holding portions 
of n*|winMbiUl y with the Arm* who employ I hem. Thr-w 



elubduHiaia generally contain reading room*, library, 
bagatelle PM>m. Ham mom, cooking school fur young 
women, muaount*, eU>. 

A serious feature of welfare work, and one which it is 
exported many employers of labor will take up in Ibv 
future, is the offer made by firm* to pay a portion of the 
evening technical education fee* of the younger employee*. 
In several instances, classes are also held directly in con- 
nection with the work*, In various work* encourage- 
ment is Riven to employee* to make suggestion* fur the 
increaned comfort of the workpeople, or for any improve- 
ment* in the methods adapted for dealing with the work; 
and caeh priSM are awarded fur nueb HUggo*Uun» a* meet 
with appro ral 

it'memt, — lii utany inttarKH* all employ ihw of the fame 
cntcrpriawi are tiMiinber* of a general siek club In the work* 
and are thurt Mire of a regular nllowarteu when ill. Often 
Fpocial M«-ti<mn nrovjdn for the iiaymcnt of a weekly 
mini to any irwmbcm whu are by rule bound to leave the 
work* when an outbreak of infectMHM db*eaHe takes |>laee 
In their home*. Numerous work* have their own hospi- 
tal, when' the scrvioo* arw quite gratuitous. 

Mention should be made of the rating* funds, where 
the enip|i>>'ee4 may deposit money, roetiiviikg Intereat 
Bverngini; between 4 and f» |M<r cent |*er annum; and the 
jierittlofi ■ebciiM*. the fund* of whieh are pronded partly 
by the companiee and partly by weekly or monthly de» 
■bii'tnui* from the wage* of the subtcribent. In M>\eral 
committee*, ineluding repre^ntatlve* <4 the work- 
lieoplc, ar»- apjailnted U* relieve the directorate of the 
inatlers affecting the fund*. 

/foiMt'ng Pmnfrm. Of prime iiuportanee fx tlw< bunding 
problem. Twt often the working people are compelled 
to Live under condition* winch are a nrandaJ to etaT 
eirilrsatkin. These are housed in eluae, dirty, evil- 
smelling Lane* ami onurt*, deprived of fn-h iur and sun- 
shine; strangers to the tight of grass and flower* and 
tree*, and witlnnit importunity for heoltby recreation. 
All this inevitably tend* to produce moral and physical 
deter* ie*t ion. 

Several important KuTupenn lire*- ha\e in.vl. » mn-t 
ftiO'etMKful study of thu iwoblem. and some of our illus- 
tration* give view* of the really beautiful borne* pro* ided. 

On entering LheNC workmen** village*, the visitor i*> 
charmed by iu beauty and perfect harmony. Generally 
the house* are built io group*, with three to nine house* 
iu eueh group at moat, and there are no two irroupa alike. 
The rood* are very wide, and trw»., >erdore and simdl 



[Hu-kt. ari- In I*' s***n in every din-etae*. TImi ina>>rity 
of the house* ha>e two sitting rooms, a kitchen or hciiI- 
lery, three iMxIroonm, and the iiHual muvi'alenee*. There 
ore other* with one huge living room imbwl of two 
smaller ones, and a few with only two hedroiirns. 

Every hoiuo has it* garden, and. in addition, every 
inhabitant can have a nearby allotment garden to culti- 
vate. A* a rule the tenants take a keen interest in their 
gardens, and cultivate them with great tntr*-***, 

Tbn beautiful and substantial! y-lwiiU cottages with 
their low rental*, the trimly-kept lawnn and gardens, 
the faeitiue* generally offered for the free education of 
the children; the fact that, a* a rule, the sale, distribu- 
tion or ootwuinptlon of in toxic* ting liquor ks mippresaod, 
show at first gUnee that the conditions tinder which 
the inhabitant* of tluwe comtnuuiix* live are far 
superior to Ho M i ■ . ujoyrd by the great nia>ority of the 
wurknwple. 



Modern Elcctrir Prolcrtitc llevlres 

lx the aaotlern electric geikenilln^ slatton the protrc- 
trie devices reiHreaent tbc highest class of design utkd 
uorknianHhlp In the entire InsutLlatlon, while the cunt 
of the Rwltchl-nr.l fre>iuently ue«rlr e>]uaui that of tlie 
plant cool rolled by 11. In tbc old ih>n. bovrcver, kb>m 
J <;arducr. wrHlny In I eftita, few or no protective de- 
» lee wen* hiHtJilh^l. K»r InwIaiH^ In a power slullou 
sllU run n I ox there are several XOOO-volt 300-kllowatt 
Hluitle -pluisc KciieraioTM (vut n>]|.<l |iy open Mlngle-pole 
HVitlchc* of the N|mple>I type mid without ev«ti n f i-.. 
In ctrcuK; one side of the system Is earthed. Kvery 
thing ope rale* <|altc aatlsfnctorlly unll) a cable goc* to 
earth or someone make* a mUinke; then the re Is a 
eertoUB aorbtcut. A cnae of this kind recently occurred. 
A direct-current generator coupled to a steam engine 
was being run up In ratdlne** fnr paralleling with other 
machine*. When the volt* were about one hundred the 
Hltendunt cloM-d the main switch of this nineblue bj 
nafWtffatl Allhonith tbc fault wo* discovered lmme 
dlntely, the rtndk of current Into the mneblne pulUd the 
arunturc winding partly round the core, nud Knne of 
tli«- cotmnulMtor •wirment* were nearly forced out of th* 
■V*' rings. The drlvlii*: |dns In the »nnatiire wen 
flieunM off and the ln*alnt|on of ibc core wa»« damauiil 
The armature had to he entirely re-wonnil and the 
eotnmutalor rebuilt 




Cottage* at l'ort -SuuUght. EngUnd. 



A dinner hour *ccnc— cricket is popular with the girl*. 
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Rail Sections as An Element in Steam and Electric Traction — I" 

Early History of Track Construction and Developments Made Possible 
]ly 1'. II. Dudley, C.K., I'll. I)., Consulting KnginvtT, New York Central Lines, Now York 



■UU pound nloel mil w-rtlon. In Id nrat Id 
IMC no the New York Central A Hod** lllver lull- 
road, win de-di-licd ullll a ImtiuuI Oiln llfitil (or an umple 
latirini: Kit r fate of tin- wheel trend.* on a stiff rail, which 
could illnlrUial* > Inner inirtUm of iMr boida lo the 
fur n Miitaith riilluit truck. The fact l> 



mllinl. The nlltwuielit of top truck <if IB.- Mohawk A 
llwlaoti Itiilliiatl f.ir II mile* ou the iilnicnu waa rutu- 
|*ood ctf thr»v tangi-llts cumiecteil by two ourieu. Thr- 
one tilawit midway of the line nan IE-*-! feet long ai*l of 
i'l.ioi feet radio.*: Ho-' hen-tut, lo-iir .Vitality, wan GOI 
feel lotill nn'l "f t..-1a> fta-t rtldliL*. The bend of each 





*-ra wc > >wwf75 

MOHAWK £7!ilDSO\ R R 
1830 



Flf . I . 



on the Itptlblc rrraoittet 
■ the mil. 



In lb* ballnar, rnlh.fr than their 
It «■(. a« a rati acctlnn of that 
In uac In 
Ita compli-i futa-lb.u* aim 
aitfclv |Mrt*-l*loit, himI ecotiocny an till »aoe-iilliil t-ieitirltt 

of II unit, .if mllwny Iralnqmrt. <t*et> fi% *.l 

Tllr modern *trel tniln*. tile l:iu|arr Suite r*.*pre*», 
tli«- Twentieth Century Untiled uml iilhora, ciich hare a 
kinetic energy -cn-ater Hull the lira vie* projectile of 
an> high la.wcr gun* yet fabricated. The aloecd energy 
for llio apred of the tniln enn la' nhaurhed ami p-mlena! 
Inert through acveral whia-l contact* mi the mil*, when 

ll uitliioer louche* IS.. hiindte ..f the air l.rakr* to aba. 

Mi Irate The wnHnM concentrate* the atored energy 
of a itrojectllc upon n atngtr contact for tlealructlvo 
I'tTect. while the railway engineer enrriea anil dlatrlb 
utc* the total loud of n train nil mull* wheel*, nntl there- 
fore nhuorli* the atonal energy for the apnal of the train 
through ***t eril I caitnel* on the mil* for »nfi-ly and 
The weight of the rutin on their I 



length of the «t™m railway or multiple onlt train on 
Ita xeteral wheela, may lw hill nlw-hiliidreillh of the had 
nhlrh the rnlla enn earry whPti wlaltvlded, <ll»trll»ilted. 
mid eiiMtraliinl lhr..inrh .erernl wheel eontarta. A mil 
of ■.oltahle atlffnea" mi the lleillite rfiiaillm In the tail 
ln«t. due to the |irluel|ik> or eltw-lenllj anlallvhlial. dl»- 
trllaifial nnd eooMmloiHl l.uiK In laaler f»r xood track, 
>nto»th rldlnc of the oinliiim-nt. atal eeotaBOalei] ofa-rn- 



make the jrrnrilent* aial itirviw ««h>' for like lia-iamaliea, 
tha ent» nnd tills* were Iw-nv)', anil the eiwit of the rail- 
raid areriin,l IHM-Jv ,»-r mile, u lnri!.- «oin for Kll. 
hut a rami] net for the itfliieiithi eluHihted. 

Tl»' New York I'i'ittral A Mud-*'ii Itlver Itiiilewil leiw 
• ci'iil'te* (hi- orlifliinl lira- from t'nruieti lo KariaT, ai*d 
Infinite* ibe enrve of a.taat feet rudliu. The tntnl 
lenjtth of the nillroad nt Unit ni lSSrt mile*, nnd It 
dhl not inn lot" the ImMoew* ("'tiloli of Ibe i-n|iltal: but 
Inter a liraueh Ilia- for lan,aeliirera waa |N-fnillti*l In 
Slnte Stn-et. -New Vork state had Just completed II* 
Krie CHIHtl. ii ml Ibe Mohiiwk A lludaon Unltroad t'laoi 
lainy at llr*t »'*m not allowial to tran*|Nort frelxht 

We can *luily with prnllt the hlatorlc hut frail ltrUf> 
tur.-* of the track, the primitive loenanotlrra nnd the 
>lni|i Iron rail* for the larlncllile* of conat ruction which 
eventually directiHl their ekolulioli itilo tyjiea 111 elchty- 
Ihrre yearn for the iireaent lU-K.liaimeilla Thl* haa 
reipilrial the application of the fncta of eiperW'lice and 

more eilelialvi- M«k Hutu ever before In the hUtorr or 
ma tik Ita! 

nf the In It for the Molnlwk A 
Ibe plat. 'nil between the lialined 
I Albany wa. eonatrueleil of a 
wi.li- and fk of nn Ii 
tor; int-bea. 
8 l.y 0 I 



The au|a>r*tmclu 
lluil*»ii Hnllnaiil r 




HlrlniPT- were hild iiml ItHcM by kneca and i 
Mit|i| -«i l !!*• elrtip Iron ralU. The iron 10x101*] ibe bear 
Inc Mirfaec for the wheel cmttuco and the itulile finr Ibe 
flaiiitea nf the wtiee]i of 
enra. and the atrinuer im u 1 
atreliKtb a« a girder. 

Mr JervU oraned the Mohawk A lludaoD Itnllnad 
Aumi«t 1Kb, 1«H. with tlie locomotive DeWiH Clinton." 
which waa carried U|kiu two |tairs of dtivera m»] 
wclithed OJiSW potuida. nil.) naa Intended in Ite under 
throe ijr.a.* toos oxcliBdve of tbn Ibsht four whiatltd 
trnilrr. The three ran were atnre couch bodle* with 
flantced wheela for the track. Tbe leuxth of the entire 
tniln waa lean than Unit of oue of Ibe prevent I'aelih* 
Upen of puconatltm. 

A lia^itnotlve nnuietl tbe "John Hull" waa built hi 

MWUd 12,142 ptiunda and had under the front clnl 1 
|iair of rlirlil iwrrilng wheela. while the -Ingle laiir .if 
drill in; taheeb) ivrrtial S.7+5 laauiula The wbt«-l> ..f 
t*.th liatKnoelTcM were 4 f«-t H luehea lu diameter, ai*l 
the wheel baae of each. I feet fl 1 
the "John null" wna too icreat I 
and naa not aulallvliied nnd dMrltiulcd by a 1 
■IM In lenirth it. ride uteatllly over the truck, ami 
una widow naetl n* orlctltally oiade, 

Mr. John II. Jerrla wa* ciKiatroiitin: the Snratocj A 
Schenectaily Railnad when he o|a't>e<l tbe Molinwk A 
Mildami. Tliri*. uillea of truck were Hnl*hi*l with spue 
lilorka net upon Itrokru >t..iie, whh-h carrUal the Mriiiz 
era. the aame a* used for the M.dinwk A Hudaoli Kill 
r.«td The *lra[. mil wa* alt tiinrle Iron *|-)kcd on lie 
unpei itiiwr oriaera for the track, lo provide for Imli 
llano-* ou the elnrlne drlveia anal whia-la Mr. J-rvl. 
lull It the lailutiee ..f Ibe line with rr-~tl<~ li|au. akil 
Hie *trtllK>r* wen- pla.-tal to *upj*-rt tile amall until 
•trap Iruti nill* nnd liallaateil the Irmk for tile HetS* 
•llla latructure ami an i.|a*lle r.m.ll.al. Kit- |Tll«(j-k- n 

uo»- to dny 1 atntu rallr.«d traekJ* Ttn- Mp ,r 

the »ti| .-r«lniclme of the track of tin- Mohawk A Hail 
ooli Itallhatd tin the rl2ld *ii|H*trt* 1* ahown In lie I. 

I the Miirnliaia A XclM-liia'liid) ltnllcool 1-11 tJ,-mle 

"UPf-rt* In IV. - frt-nt the ta-l Information |o A«le. 

t'l« ■ -h» rle i:i,c:i*h l. Hi. -J..l,i 

Hull." by Ibtla-rl Ste|dll-t»«»l A l o. 1*31. 

Mr. Jervt* fount! 11,. , . . wen* mop* *t-vere ii|*o 
the atruli Iron ralla of the Mohawk A DraW Hailnud 
Ihiili wu« esiHHlnl. anil lu I*:'.-.' Ik- tloit-mal M- Itoilltii 
f..iii-wl..*.| truck, nrruiiml for l».lh lateral uml irrlk-al 
lit!. Nil Illy t.. cuttle the font of the locomotive In plur 
ol tlie ..r.llluirj earrylnu pnlr .if nln-el* of the lliurllrfi 
cvn«l ruction tm» l it II Till* waa nlao lo extend Ike 
innulmt tear of Ibe trrurlnr. t-> aulatlvltle and dlatrllade 
Iha fl.a.l trie.-* haul on Hie mil for Hie following tlrt-r 
Tin- uhia-l latae of Hie ellitluc iMlc-1ruelcd 



for the track ,„d win 



co|«,*l. and in • fi-a 



on each cn-oitle. tlir.wiKh a weak rail 

The Much liai|a-uiud t«*-tl.>ii l« a mode] of eAlclency 
throtixh lr* mat it I 10 limit nnd dUtrlouli' tra- reduced 
atralna of ll* whed toaila to the croaalle «uii|*>rta. for It 
nin nllli-ttiutl Ihou-and* of re|a<lltloita with mnm-ltwi* 
of *r,lce vvlHiotit 



*v.far. immmM nn 



f at t UMll Iat] MM In the rallcy of lea«t 1 
travel from iai»t to weat ami cur r.-ra«l. ! 
MlM trail aral t-aii.a-, then d.-i. lt.f^.1 lntl.-|».rtall..o, 
hy (11 the Cone*t-va w.tcroi. fS| tll^ ttttue c.aich, (S) 
tin- raital. ill *leam nillr-tniK (,"tl electric traction. 

Tlit- Motutwk A Hud~«ii flallrtaid from Schetiec- 
tady to Albany waa ehnrter.al In laav alllaui-ch active 
work main Ita ctatatnictton itl-1 not c>ntn H -nce unrll ivtn 
ami P(U r.-r the Sural.*.-!! A Selie«crtailv Itnllnwtl Mr. 
John It Jervl* wit. chief mirlt-*-r of lnah rottd* for tM> 
alrtactioll. laaa.l-at.tlve* were then lu llielr l-rltitll Ivi- 

mhl-i- of rrolutl.m. ..r amall tnictlie erT„rt. and aid 

aaoelltl only m-alenite cradlenta of a few fort |a-r mile. 
Mr. Jervl* wa* therefore ol.lli.--d lo t*.n*tria*i for the 
M.-hnuk A llwho-n llallnaol an Inrliiinl plan*- t-f>-nit«d 
by a atatlomiry euulne. f-.r the u»ceiit nnd di**r*nl of 
the e.r* 111 S. lM»*1ai|y. fr-.to the Mohan k Itlver to Ibe 

plalcau ..it II k* \ Oinlltirty Im-llntal plmie wn* 

M MII U NI fn-ui Hi- RalnM M««c f.-r the Mltaiiy ter 



.V r^^. c 



mar i ro-M -n vtmanrrj 

Saratoga's soilnectady R.R. 

1832 



Fi«. i. 



tit. Ir atn-nirth 11- 11 Birder, l ie. 1 The author haa one 

-•r tl rlt-liml mil* ami n i-ita-e of a atrtiuser. To mnke 

an eila-eled •anliirlln: ttnrk of riithl aliltfrta In the 
natdiaal. pit* 'J reel a.|uan- and ..III. :: f.att cenlera win- 
PC-pared f.a- each lira- of atrliurer*. anil In t-at-b pit were 

plai**l alaiul nine rtahlr f.*t of l.r.*. n * whu-h <*•*( 

«J |a-r entile yard. Niair Selw-m*'liid>. t-t auila.rl Ihe 

"» M-ak*. Ill- l.i.-k I..*- wn* plneial In 

lairallH IniH-hra 

(• nlh.na. ea.-h of Ji.i . 

xiiti • lop nurf. 




ytaira nliotber pnlr of driving wbta-la wn* mldtal for Ilea 
-litfltte*. r.aiatllutllii; the American i-lcttl wheel or 4-*o 
l)|a- of engine. 

Ttie haa.iwillie lii i-iolutlon had now r.uetu*l a lyre 
l*apuli4e of eulur^-itoail. Ilt-iil.te lit tbe wheel laiw a* 
to curry *liaielellt wrlcht oil the dflviiii wheela for 
aillM-ioti to |«** around *hurp eurvea anil aarenal gradl 
hi feet |a-r mile, and *u|a-r*.*l«l lb*< I 
hllilliaitir) engine*, uaed In 



to tl» 
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Moonwk * Hudson Railroad, fur all < 
hl« adoption and practice „f I he | 
Ibe leading four wheel truck fur (legibility, and eilare 
►duu of (he wheel lax- i>f ibr locomotive for subdivided, 
distributed ami constrained wheel louda oo the ralla. 
cronstlra. bnllaal. 
I>rincl|He of a flexible i 
bed, lined on too Saratoga a Schenectady Railroad, la 
How followed by all steam railways of the \ 

IM0N TOE BAIL BaiTMINB, 

Holier! Llrlngnt.,11 Stevens In 1S3U , 
Camden ft Amboy Railroad a net-lion of rail. the prin- 
t-line of which combined In one piece the bearing stir- 
tmy for the wheel trends. I lie guide for I lie wheel 
Hang,-*, oral tbe strength for the girder, with a base to 



I of the early 



prnlotyiH! of our |«-escnl rail ws-tloua, mid wa* rolled In 
ls:il by Cuenl ft Co, of Wales. It did uot come Uito 
general line on uccmiui of the exinnise for many yean*. 
■ ml then the head Iran made more |n«r sluund. The 
eoti.tructl.ai of Ibe early rallvray, with Iruo rail. waa 
•low. for at Oral all M.e Iron lined am lm| 
Kiiglnnd or Walra. 

There were only 2.1 allien of railway track In thla 
country in 1KSU romp,wed of stra|i Iron rails laid upon 



The light 
Isvnlcn lo 
often, an* 



ateel rail*, however, enabled Hie railway col 
save the coat of renewing the Iron ralla i 
1 leavened the onc-rotlng expenjea, though 




1 added a mechanlam In 
1«M to aura op the urnlulatlona Into feet and locoes, 
shown mu the large diagrams, of 1 Ineh In leiujih of 
IMtper to OO feet of track, from which the amount per 
mile and section wan secured for tabulation, and af- 

wbnt could be expeenst from allff ralla In the track. 

The Investigations tiy my track Indicator allowed no 
■111 of tbe linen that I tie ralla bad taken dehiilte forma 
In the track, which I claitdBed under three distinct 
types: lirat, nec.iol. ami third forma of inTmnnetit net. 

Kirn form : llalln which were low al the Joint* und 
high In tbe center 

Kennd form: ltnlln low lu the jotuta ul 
high In tbe quarters. 

Third f..rm : Ralla more or lea. navy on the i 
dm- to coudltlona of niunutnclnre. 



Fin. 



in ui * Son. 



"John Bull** locomotive on Ibe Hudnon and 

luih by Robert 1 



did not in. 
I>sn>niotlvo 



nit much locreane in the wheel loads of the 
and curs over those uned apon the Iron 



■mien In 1MO. as ihe frail superstructure of the track 
and Dot taken anltalile form for Itn del rlntaueiit ; and 
"Imp iron ralla were prohlMtcd by low In New York 
State In I Ml. The physical |iroi«-r<lea of wrought Irou 
were sufficient for the lnual la Hon of the early rallwaya 
but lliaibntuate for tbeir development 

ar-nsr.um's istr.Mlnn rot makimi attM. 
Itcanemcr ateel replacing Iron ralla marka a distinct 
c|nn-h III ihe cniiatrurtion of mileage, mnlntenniice. and 



I lie IffUOMM of tbe fact that one half at « 
*> f carbon eomliliieil with Iron made a ductile nteel of 
icreuler idiyntrnt proin.rttrs Ili.ui wrought Iron, and aa 
oust Iron contained from -itj to I i»-r cent of carbon. 

I » to 2.o |n r cent of atllcau. llAI t,. I ,ier t of mare 

IMhe— . IMM to ll.tW of phoslihorus. 11 lion ductile and 
Utltle prvalucl, be made a niiltnbte ounerler and blew 
air through tbe bath of molten cunt Iron to Inurli talt, 
llrnt, Ihe nlllcon ami maiiimin-M-. then the exii'vi carbon 

atnire that de»lr»l Tor bin al, ,f nleel. The. dlr.Ht 

Ilenl |iroveil only iNnedl.to with rbe imtrl) pur* Swed 

l<h Ironn. It w:iM rei|llireil In all other countries b> 
neleel | ' l' In ii tn which the IminililU-n of iibin.pborts« 
nlel niiljihur would In- IM "r timler. an roiulreil f<ir the 
trade of nteol, anil Ihe., docort.iiriKe molten In 111 by 
Mow luar air through It and ttriMciioctitli nmrburlxe the 
Idown iim I.tI nltb the den i reil carbon, mangnlieae. and 
Mllleon eoutentn. Thin wan a nininnn. nod, bj the lanre 
|ir-nl«ct which could te niit.le. rendered p-xnlbte the 

Creator phyalcal proprrlU« mid more lionnaletnaiun prud- 
MCI, to replace thuac of irxiu of lnadeiiuatn phyalcal 
|nro(>ertlea 

The une of Itewnocr nb*l ralla cottUMOiced In thin 
counlry In 1MW, with Imimrteil KnitlUh liranda of »«» 
lo I.00O toi» for trial, The early rail- oo«t JlnO to II ») 
itold per ton. whtcn, with the iiremluni. made the and 
rnaai fHQ to CMu In curreiicT during the civil war. 
The early Ileneemer ntool rail aogtittal were from 3H to 
4V4 MAM high, and the weight, raiutinl from W to tin 
poonikt jn-r vard. 

Tbe enalmn-rn of the Xew York Central ft Ilodann 
Hlier Railroad itinite defliMHUrn tenia and lo l^fl In- 
croanrd Hie bclzht of (he ralla to ft Incbea. and the 
welirlil of the tMtjM from An lo US poiitoln |n-r yard. 
Ijtrge toniiagim of Ibe lUVrnatnd neetbm were rolled lu 
Kmrl.uiil and Krillice. and the third ami fourth trackn 
were laid with It about |n7n anil lnTl, nml cost from 
t|im to inn jn-r ton. Thc*e varly .*teel ralln were no 
ttroaDlttra Ubll Ibe wetchln of III.- nectlona were rolled 
n» light it. won eoBnbhTed nnfe f<-r m rclce Tlie> were 
not nllff. ami luid nuall mechanical pmoerilen, and 
ib'lbnrtoii to a marked extent under the wheel*, ami 
tritnamltled coneio.trared lunlMd nfiMlMjM haida In 
eacli erwwtle, A cnntiiiltt,n< ..f the Aroerlcau Sm'tety of 
Civil iciiu1inn*m. In inot. ntodylng tb*' small wear of tbe 
rail under the llirlit wlnn-l bsidn, nNM lo the eonelnxloii 
that It w.mld !»• diwlrable lo diMgn for tUMMa] mil 
"•ns what wan lenmsl a renldnal ™n l|.«. nml Ikajaj |d4S 
minalenl metal to the |o|. of Ihe reoit for nei era I yeara' 
"ear Fie. St. They nunlllted entirely tbe tjrpaj of 

Ibe ajaj Uld Pi ridwrd Ihe nerrenlage of Ibe milal In tlie 
haan nm | iiH.nl more in the deep head, providing ,,n Ihey 

niTripwT f"r many ni.are vcim' duration Tlve .|tienilon 
of a Mecrna. a« an englmn'rlng ntructtire for Mffkiaaji to 
retlii,.,. tine train ri^lnlance and malatemiiMn< wnn not 
<ol.nl, I,. red an It wan III advance of the Ideas of the 
ovoUiiloii 4,f rail n«etl,n» ar that dnte. 

Tlie draft bean head, and Ibe change from the Iblrli 
In Ibe thin bone, did net aaake an nnfe n glnler r»r 
Iwnvy tralllc. nor r.-ull In an apad .|iialll> „r metal | n 
Mie mil. an had tneu -e. ur.nl lu Ibe "hallow x,„,l u|l o 




Fig. 4. — Flrat bogle engine. Saratoga and Schenectady 
Railway. Jerria' foar-wheel front Irwrk engine, halll 
by Robert Htephenaor, * Company. 1KM. 

a track llidlcnlor, with a special nlv-wbccl truck, to 
moanurr and nnn.rd aot.atniidilcillly the llndulallolin of 
Ihe rail* In the I racks, to iletermllie wltat waa neeewtary 
lo imimoe (hem In an ca.momical mniincr. 

i>arx, tiii.x or taacKa wmt tiia< k laolcaToa. 
I cnaimeninsl Ibi- lnv.n*tlgatton of the undulation of 
llu- rail, by my track Indicator In 1STU. Tlx. New York 




Flf. i — New York Centra] and Hodaoo Rlrcr Roll- 




Fmslern lliaw rbsienialmlod Ibe Aftet Ibill I lie mil" did 
Bait bone niirhclent ineeliautcnl fn-lnTlles to dlnlHIalte 
the loads In Ihe wlnn.l a|Melug to any marked client, an 
•naeli er,n«t(e nnndvinl nenrly Ihe major la-reclitage of 
thn. arkoH aJMi The rnanafana . ui amler lln* rail -rain 

with nilnnlllv. which Irrmlllrd Ihe light in|lil|,meul lo 
mo-e iaafriartlre. exismmlve and ttserews InJtirj. Willie 



und i 



IVtilral at tliat time had IS lloii A5-tn,uml »t«.| rails 
Isin- tit .11 in general une upon Ihn main lines, and 
Uls.li some of the nulwldlnry Una ."al and tai-innalnl. mid 
line height was from 1 lo tVj lin-ben Tile fheton ft 
Allniny had a I'-j Inch pnluid. and I lie IVniiaylvnnta. 
two mvlbmin of 414-Inch 87 |nmnd. 

Ib» of the 



Titer,, were cinmliinntloiin of tb>. 
lie necond and third upon a few rnlU 
Tbe forma uf permttlieut net also liMllcuted that the 



.nil. and 



maliiUlnod In g,««l condlttoii for any length of 
without coeiatant attention to surfacing by the tr 
■M, ami the rennlta of llielr labor did not 
cumulative from year to year. The mils began lo 1 
a net after one or two years cutting out at 
under ill- imnnlng wheel loads, llie unll oi*r nlralne 
than lo the present atiffer sections. It 
(it that tbe section should bare sulllctent metal 
nllclly lo carry tlie wheel loads In-fore the 



I denlgiesl itn. pioneer Mneh, .<dt|niiind ateel rail for 
the New York Central In lie u). lo fun.lnh lb,. 

nu|n<rlntct,delitn of motive power and thn engineers of 
maintenance of way a Indter nti-el rail .ns-ltoo as an 
e.iKltnn.rln« ntructure thnn ever ln.f.nTe used It wan, aa 
,l girder. «1 per eet.l ntlffcr than Ihe 4 1, Inch, tr, |«.ui-l 
secllou of the New York Central ft Hudson River Hall 
roud. aeeurisl by the addition of only K» lananda or 21 
|H*r cent more metal |«t yard, ami an Increase of 
llirh III height f.nr Ibe neetlon The rail wan roiled III 
April, MM, ami laid lu Jul} of the nam,, year, on Ihe 
four I racks from lirnud Central Slatlon to llurlciu 
OVi miles. Tlie dtnWnBtMIM "f IU vain,. In 
was a sulo.fii<ll.oi lo l-allway otlk-mK and 

won f,nl,o.ed by a ft- h, « 

Cenlral ! 
I loll foe Ihe remi: 
liesa in mils 
after 1 loot .leslginnl Ihe .* 

ami Is-f.nn. It was ndled. I , 
ft Albany diagrams f.. r Ihe year MM* llwt It 
I.- iiosslble for them with new siltr mils on a 

well Intlliislid roaittanl lo nnluce the luliitloiis of Ihe 

lo In-twinu the llftcenlh ami sixteenth II |sa, 




Mint of siiir 

OHM In |n>H. 
•c 1 1 ready 



I dlslrll.ol.sl itn.ar.11 of metal f..i Hie bend. web. and 
lame of ltn> Ronton ft Alhati? UV|nnjnd seellsin. which 
was limited lo 51/32 Inchen In height l.y Ibe railway 
cnuoiuy owing to the curvature and heavy gradients of 
n.. lim. i c, :. meneed i. r II Hi- ■■ II In I ■■ til .. I tan 
entire line of Strtl mllen of double truck from Itooton lo 
Atlalliy was eoin|.let»>d In the siimnwr of IMVf, My 
tns|an..|b.li of Ibe track In tbe aulliuali showed the nvei- 
age mnlalaliou for lite entire track was IT, 12/lon lines 



I To he eoacluaV..) 



Tut mctliiat. of taking deep oca aoandlngn beretofnee 



empb^nsl have Imolvtni a numln'r of aounma of error, 
tlu- prliKi|uil one belli* like fortn nnnumed under water 
by tbe Hue. which is calculated to cause an error of at 

liuat favorable condition*. To eliminate (hi, error com- 
pletely A. Ilerget <lencrtl»cn In t'oaaalca AVadoa a plea- 
ometer which he has rnrotroctod. Water ts ado|vte<1 
for the ooinpressllitc Hold, since IU cannrewlblllty la 



.lei.lhn. The Instrument consists ,sf a iwriolr 
wltli water, whone ban,, termluatea in a long tnlse 
»*i millimeter Internal diameter which communl, 
with a aide vessel futl of rocronry and o|am for ren-..|, 

t -f the presnure. Tlie tuts- t, sUrend liit.ri, n ||, v 

ami graduated externally. The wh.Je avrniratim la 
.-entlnietern long. As the apthiratua d.^-eiwls, H| 0 
mercury la foretsl up Ihe small tolas and J1 noting awny 
the stiver, themby denoting the ntnnuiit in" ivm.pinstsl,,,, 
and heme Ibe depth attained. The Iji a aiat al wan || rrt 
gradtiateil exiwrlmenlally by menus of a hydrnull,. 
[ireaa, A thenioaneter Is atblched to the side of n, e 
plcgianeter to allow a (orrectltn-i for thermal dllatntlnn 
i'he s,.rt*ttlvel**sis of Ibe a|,|or.,l.rs may In' llll laajanil 
lo any eitent by enlarging Ihe volume ..f the writ, • 
r.-s».rvolr, olid dliiilulshlng the cr,ea> srstb* uf the jgtm 
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Measuring Shocks of Vehicles and Vibrations of Buildings* 

A Means for Investigating lm|M>rtant Traffic Problems 



Tut irnlHc probfcta In sreat cllhta U continuall? 
irtowlni; more iltiHi-nli li U un-»-*sary *•» take Into om- 
Nldcralfcon the VMSiMhV Hili-rent* uf tin* vehicle*, the 
hichuay*. awl Hi* owner* of n ltut> tiitf l«ilMlw» mhlrli 
iin aftVetiil lev Mi*- ehiiracter of ibe tiuhV nml tin- o-n 
iiiiii<ci of Hw ivumiIi 

In I'nri* Ibe «liill**ul1> Is ftVftfttl liicmi<eij by Ibe 
iiu 1 11 n* of MM »oll. " i i' i Is umlcrmlned by miliwnv* 
•evirrs. niul piiImci^uImi. When we am-diler the eier 
hicrvtMiu; mi nit nt aim I uehctil of automobile v»us nml 
truck.*. It In not MfflMHI Una Hal • Ihrntl » • " f balbl 
hUD* hmo bceoiae -*^U<iih rtMiiifib li» J unlit) oi||i|tli»llii- 
.•ii lb.- |«rl *| fjafftr MMpMNK 

Wlvrii tilt* CMifflcl i>f lule*e*t* h»tl> lu lawsuit* LI 
fcajIpM iiec«*Ma.ry to iletentillhf prwt»Hy the nature of 
the i |HrHti«iii>- i-hiimiI. nr »uvt.iiii.-.l. l-.i curb of the three 

lUtiietil*: lb*' vehicle, till' rumtna). and 111* abntllnx 




Pig. 2. — Vertical ncctmn of accHcrnmetrr. 



bulbllng. Far this ]njr|K»e M. Auclalr mid I have d*- 
Vim an litHlmniciil. Ho- •iicw!»Ti*iicler.** It) which iin- 
-Jn«k- mi*tn|iii<d ran U* measured. 

(HtMT thlnj> Itelitj: *i|iMl. tin* wenr nr fnlljrur ut any 
l**tnt nf a ruhillni; bialy Im-rivi 1 *** wllb tin* rati* nf 
vtirliitl'Hi of velurilj id I hat |*«4nl. It Is UiIh ehntiL'e "f 
vohail?. «ir aw*enithia llml mir i - i i-mi.i I* .;. -i.i . i 

to 111. II ■ 1! * 

Win n llw tnietlve effort n]i|<1b«l to a vehicle 1> mid 
ditdv iiiirnwiit"! the *iieod uf Ibe vehicle I* Mlifcletily 
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Of which Ih m^ti-winI Into Hie tilde of a bmnae cylludcr 
V, wvtffhlti* nUml f..iir pound*, ami which, wn turn 
i • 'i ; i tile a&l* or It* I rrtiii-h.-*. 1 »•., Hm> li-nit.rt.lnl a%|n 
h,. The lM*arhic< are rurnl>liiil lt> tnn i . i.i,>i 
M-n'Mt. It, ji, nml m^. ■.. , i ( |ihk« ii i ..ii.ii bjiaajaji \*r4+ 
VV*. laaNaa] !«■ Nn Inw H Thi-i* awMni nr»* rfriiliil«i| 




ibi) htthw. Tbe irart-l uf (be* cylinder if la reculatetl 
mnytlirr acrew ml nut. which c*nD|irim< (be pirre If. 

The u|ipa,ral«!i U ii'tupMnl by an electric «>nitnct 
breaker wlib-li ItHllmlt* the eXHd muitocnt wh^ii tin 
rafltyMMlM "f ItH t-l'fliti eUtlHpMdi ti» the Mtvlm 
lion tbnl U U-lutf meamjreil. 'Has niiMlllfcin i* MnilKtloi 
nt llw Instant of imiklni; i«r breakli»x I be ctrmtt- Tin 
contact breaker cuuiiirltiet* a Minllnit |Nwt «, nnauiileil m 
mi Insiilallnif a«HM>rt ft. nml a iiuii-IiihiiIaim] nuitvlnc 
|laM :j I The atem of tbU rilw, /f, paawn wiu 
nllubt frletli« lliroiiirli the Muppcirt o, and la drawt. 
ifciwuward by a «itrlnc. The cuiitact bi refttbitrd w.i:. 



Klf, 



1.— The scrrlervmeler of Bo>er-n«Ulon and 
Aiaclair. 



by imiiiiw nf llw ii tit m /;, Sl r Tin* biiavy cjlluder if la 
*<ii|t|>>rtctJ by the «i>riuje /* which |ui<mch Ibnaaub U arel 
In iittHcbed at I to the tR'tvu- Udt t . The lower cihI of 
1h*> M'riris reatN tin a diak iilbii-iiiil |» Ita wilde-riNl M, 
wblrb In |>ri'M'i.l««1 front fuming by Ibe flu A", which 
IMjatm throucb tho rod ami Ita noeXrt <J. The tension 
Ot the iprlin: It. which tends to lift the cylinder .V 
and i>re*i« It aunliiNt the crcMM i>brv 7'. U retnilati*d and 
nifflMinil hv RUM nf (be MffVN m. the inlUlinctcr aeale 
V ami the irrmlitiitiil Hrelc of hiindri^ltbs a, ntfiichcd to 





Fit:. 3- — Elevation ot accelerometer in a plane al rirb1 
anrlen with r hat of I'i l- 2. 

imrlalim by mnia of Hie idnllniiin [wlnteil nerew t. 
aiHl Ha nut Tin- cot>tact-hr*ak«T |h nrinafod by the 
IiVkv t, attacheil to l bo cylinder Jb*. Tin- contort la 
lirokra when the cy linder atrlkea Ha sttxu 7, mid brokeri 
when the cylinder arjtamte* from llie atafi, Tlie aiak- 
lint or brvaklnc of the rimlt In htaltWrhl by a tew 
l4io«tf>, or recorded by n reUy. 

The uicnuureincnl of acevtenitlnii In nunb* by (aillliic 
the telephone to the ear nml recutiitliiE Ibe tcnabsn «f 
the ajirtaR It, by aneans of the wrew in n. until the civrt, 
ItiC mmiid evaaea. The vnlne - f Ibe acc«4enttbiii at Ihlc* 
biMtmif In nbtalneil by n kIri|>Ii* ealrulalbvi from the 
rvaitlnirx of fbe «enle f and rbc cradnated circle n. 



Fig. •"». — Vrriical arrrlvriitlonv plotted an runrlMini nf 
the speed. 

liH-niiMtl, b} an HnitiuiM wblrb we nlll i|ciiot*> tiy .1, nml 
which I in pr« *«i mi.i MMW M. wltbln Hie vohtcli-. ,i 
PMt* W X 1. wlibh h tjtttlil i» dl-i>liiro ihnt mtiw in the 
dlm-lbia it|Ms»llo lo tbnl ><t tin- tctilrV's naolbML ll (- 
|Mm fom> t lut t r<*ji|»-K ii «-tainlliii: *>nliwny |ni»M'iitfi-r i« 
rteii a Ttolelit rflori |o tuiilnliilti bK creel |swlun* » In n 
1 1 1 ■ train starts or nIii|m, mtd It i« |irrctvly the annie 
fiteiv Unit lend-i to -i-inratt- ilic t r ■- n| a hiitUlu^, 
olinkeu by llu- tttoMicv of a I - . - wW e fc h 

As this destructive ronv I- due to aivetenilloiL. itic 

liuiniilllde of (be IireeleriltliHH |- I ' 1 ■ «|t|linllt> I" I"' 
di-ti rinbitil ihir iM^-i-b-nsiiicler l Vis. 1 1 furnlshe* M 
aWWBfP limiMlfe of llw aeiv|eralb>u nt 1Im< )n4ii| n hrrc 
tlw> Invtniuiciit In plnccil i lil- niN'clcrattott. ns ue «liti|l 
•or, l« the nn'Ji-«ir»- of I In- fiillzu** of rbc mtilerhil Hi 
thill |«*lul 

The *->«iiibil nirl* of Mm* (i|«umliii lire «Ii.«wm In 
l'i:v J jiihI n. I. Is n T -luijHil |>iotv or Miei-l, ibe idjajal 

Uj A. iaaaj liuiilua la La • • at la Ti4. 



m 






/ \ «""■•«"•••<.•*•• •*•>. 


< 




-a ■ 








M 


i:m> i'. .■ Nb. t. 




5 






y N »mn„r,i.ll-miK.«. 


• 3 









' ■! • r ' Xll. 'A, 




»:x|x'rlnii«l >o. a 



Nbbj rlHicni N«. 



Kl(. C. — Verlkal vibralMias of a vehicle with -nlkl rubber tires and shock absorbcra. 



This tij>fiaratufl ufforibi a means of uicatmrti-i:. no |ii 
spenk, the defm*e nf cmnfort Hint any vehicle offer* lo 
Its pnweuceni. H can be placed In any |sirt of Kfta 
• rbkle III onler to dHt-rwilne tlw tni-eU-fnlliUi* llml arc 
pn«1«c*^l nt thiii jsiliit. nml It Is not loo larm- or li- 
near)- In la- riirrUd by a tramway, tsjitilliuv af muI>w^\ 

In n hem) tamwiiy nir |ir»t|»>*t:ei| I.i coiw|>i-« a t>«*i| tit 
Ibe liiilriiuieid IimImuIoiI vcftktil acrvlcralbatM miMClni: 
friKii - io I meter- |»r . nil aeoirdliu to (be eondl 
Ibiu of Hi* truck. Ileiiee, as (he acceleration of gruvlt? 




r'ijj. 7- — The arrelrtnmelrf OMMCttl ■Wl « eleclm- 
macnefie recarder. 
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lit uiMHii 10 »ctcr« ner aecutid. the apparent weiajit of 
a L»*raon or object In the car waa Increased or rtlnilD 
labial by two ten lb* to four tenth* Ita amount while, the 
iudkntiNl aenilwraUiiua were operative. 

On the Metropolitan lunVrvniuuil live No. 2, In BO 
«M tint claas cur with four wbwto, the vertical accel- 
eration* attained 0l2 9 |j7 deii.>tl..g ihi> aces tern lion of 
gmvitr ) on t*Kujtftits, 0 0 0 on curve*, and O.H In brak- 
tiijc. ]□ the dow enra mounted uu two four whceJe«l 
trucks the tertic*! accelcrat-U^na arv much smaller. 
ntDxtne from 0.1 p tu 0>. p. The meat lutein awl dl*- 
iiaTecablc abockw 11 rv produced wb#* tbe brake* are n\> 
tilled uu eoulnc to a eurre. There are twi> tfoaoni for 
tbla. the brake* jwrwljic the aprlnc** atxl tbc track In 
In bad courtttiiMi owlnc to fn«ju«n( liraUnf at tbc aamr 

pctat 

Ofi the floor of »n autoti»obtle cab cuius 17 nolle* per 
hour on cwmwc pavement ibp vertical accclcratiuu m»> 
attain 0.41ft p. HetHe. n penwn of 190 poumfa weight, 
fitting 441 the Din* of the tab, would be altaruatel? 
HimImhI downward and .wlled upward with a force of 
nearly Jut ikhiihR wukeh would certainly be very <lb- 
■iCrHeuhle. In practice tbeae alinrfe.* are greatly mill 
kitted by the clajttle cuahlou ou which the pastmiKer 
»lta, but thi-c vehMe* arc far from cowforUbla. 

In a UorHtMlrawn cub i, Victoria) with ootid rubber 
tires coins* 0V!i mllea per hour on macaiUm ami colt 
in te. vertical nwelerutioim of M - tr and O.t ff were 
detected. 

Automobile amtdbuae* ahowvd maximum vertical ac- 
relr rut lues of 0.41 ff 011 xuod njiicadniu. uS2 ff to O.H4 0 
on vs-i-nt. arul 0.0ft y tu IX S2 u <m cuncrvte, at a citeed of 
1J% mllea per hour. On very bud coocreie puveanetit 
JiccHenitlmm equal lo I v wffC im-.intii>*l with a a|**od 
of aajfj "Wj utlhw. The s-iiirtlni, of the motor, white the 
veith-lc wn« atlll at rmt, pn«1iBced a vertical *i*wderailiiu 
of OH p. 



Vartou* lire*, ku-im iimUhik, and i-liock alxMrhcr* ran 
lie coiupurrd by phi < Int.' the OAYvlcroiuWer 00 a icblcle 
which U «quli>|ie«l v« i< h ouch of tbeac device* In autcves- 
»l<m and Is moved nver the aomc road, In which ouola- 
i'lcw bnve hamj pl.tiixl «| regular Inlcrvala. Id thla cumk 
It ht morn convrMtf-nt to fcoep (he vehicle al n-4 and to 
reprcwent the n«nl by two cylinder*, about tlx feet In 
diameter, nrfathuf beta^th Ita wheela. 

ThU eompnnnlv*. wtmly may U* «ximfile«ei1 by oiaklriB 
n Kraplilcul reiMnl of tho displacement!! of the rhmed« 
with n*M|HTi i.» the a\le«. Kuril h PMPpg | R 1. ob- 
tained by meaiiM »>f tin* Oexhtti reeornVr ahtiwu In I'ltr. 4. 
In this apiainilua a cylinder corereil with pniter r<>inte« 

III Ctintaet ullli 11 |MMtdl wliHl \n lni|.-ltt^l In mte dlrec 
lloa by a wire ultm-hed t*i tbe beutlne of the driving 
nxle and lu tbe- o>ii]>oalte dlrectiou by a aprlnc. Tbe 
Hpparatua l> i>bio>il mi th» f1t«>r i»f the vehicle. 

Tbe followlnir talde flrea tbe renulH *»f a *crh>« of 
exprrlmeni>« lo w hkfj thi> Mime HajUcIa *M e«|uli>ped. 
flrart with pueuubiitc 1ln*a. thou altli miIIi! ruldrer tlrrx 
Ukl ah"«*h-ab«orhenL tin thla tnt>le ntal In Phj | IJhj 
null of ucreiemlbm U I PJifff p rt* a ariiurl |Hr — D taafl - 
111 v nearly.) 



Nuailwe of Ue KtparlBMBt.. 



i par 

Maximum U»J rMiWrralkm of 

liuliailoB of gpftoax nillllaar«w» 17 



l| 27 4* 14 m 
49 73 10U 4A 74 



Tbr u«rel«-nil!"ii<< are pbi|ii-«|, pj u fiinelton of ib«> 
x|wed. In KU*. T>, whlrli kIhwn that pneumatic tlrea are 
Inferior al aimil« Iwlim .'III klbuaeleeN (nt-ml elittiteen 
mllt«*i per Innir, luK irretitly auiM-rtor 11 1 hltlw. r •qawK 



lo Nolld lire* with ohoek aboornera. Vlg. 5 alao abow* a 
profile of the oltutaele* uawl- Tlie iniclnj;* made by the 
flexion reeoriler In five «*f the exiM>iimcuu< are repro 
duced In rit?. tt. In experiment atx Ihe wire broke. The 
Muxlmunj ardliiat«a of tbeee cur* cm rvpmseot tbe de- 
Aectb-ua rIvpo In tbe table above. The curvw ahow 
lliut. In retsard to the ampto*<it vt the "Jolt,'' pDcumatlc 
Urea are cupcrlor at oU apeed* to aolld tirea and Sbock- 
abworbera. 

The vibrutlona and acceleratlnnu produced lu bulld- 
Ine* by the nusaaBe of hrury vehlclea are divided Into 
three cuaaca^aiiBeroua. (olerabkv and nejtllclble— by 
a ctunmbBtloii which the Automobile Club of rrunce and 
the tVotral Society of Archltccta Imve jointly uelecled 
for tbe Htuily of thin nubjecf. When thla ecule of libra- 
UOW ha* la-en fixed It will merely tie neceaaurr to place 
In the bulldltiit under Invetdlicalloti three aceebfTometcra 
ai||UH4ad to mail dangerous, tolerable, mul ueitlliclble 
nccnratlous. rcaxavtlrely. The record may la* made tfl 
a rotalln< c) Under nailed with liimn-hlttck, by a atyhta 
naoved by an elect rmiMicne* enfinuctnl wltb the aceel- 

In cxaieluxlou. we irlve a few mrn».iir4>iiM*ii1a of aceel 
erallon made on lb- xrnuud or Itoor near naotora. tin a 
seine naaaaaubrr bout we hare meaanred acceleratloaa of 
0.07 p. eorrcatwudliiic to vlbeafl«cis l/tl*th Ureh tu am- 
plitude. Tl*e reverwil of the eujdtHwt may cau<v nn 
acceleration of 0.IA p. Acccfc-nithiua «if O.tn* $ were 
noted In aorue atutlotta of tbe l*niia subway ami the 
uieeUnc. of two aulobUM*« ptoiIikh^I nn atxe-lera I Ion of 
ail 9 on a I*urta brldjce. 

lu tbe fraicHW of some machine*, we have found IP> 
eeleratloua exeeedlnc 1 p. In these condllhHu*, uny 
nbjet-t placed mi the frame will be lifted by a fotw 
tftvatcr tban Ita own weiabl. It b> fur Ihla rvo^Ni that 
ofijccta rrawl off the table* ami fall to the In 
uurkAhoiM anal faetorti'**. 



Prehistoric Man and His Early Efforts to Combat Disease" 

Some Interesting Experiments Reproducing Primitive Surgical Methods 
Bv T. Wilson Pnrrv. MA., M.l). 



t-nllun*. m every luitkin tiiul jmujiU- oh Un'ir frimiririnir 
tnm U uituniU tn * hunuui U-vH. htiwrvi-r low, atari* 
with ita "Stow" Aip-. iw-h*"* thnwiiflt it* "Conpcr" «r 
"Hnirixe" A&\ llit'iK*' tliraujrh iu "K*riy*Iroii" j\cis till 
it. <*vriitiiAlly arrivcN »l its HlMtiJcic ptciwl. Tbc in- 
;tin>|H^ii;K'Al vitirl<l It tiidf>ht4tl to thn Utu dutincuiibtHl 
aiktK)il«ruii, Lxml Avebur>\ nuiCK««linir th« diviwiim 
i»f r !>•• invitl Hlone At* into two |HtfU -namely, tilt 
l>&UKililhi<: or OH Sn>nc Asa and the Neollthio or N«w 
HUinr Ace. 

I'oWliDiir man w a hunter lirins at flrat ou the 
banki of riven ("rivw-drift man" be wax thou callod): 
then he took to dwvllinc in cavoa (eavo man). We find 
him Ui thn la*t rapacity tut an artiit, thoving munb 
ability and Wen some cealus- 

Nei>litiiM' nian «m of a different type. I Uilnk he may 
Ixwt be dewritied aa a farmer, a buUdnr, and a suntoou. 
The Nexibibu* pnriitd u dividod into Uiree parts: (I) the 
t'ainnsjmy period. (2) the liobenhauwn period, and <:|) 
tlio Camai! period. It i« tliiit lant |M>ru>d that wilt specially 
mtermt us now. as we have absolute and certain proof 
tliat duriue this porstd tie) surclcal operation of trephin- 
liur was [» rfitm .1 

IVjaVfflaasmjnK s*s. 
To Iime'h at anything like a heirinninc ** must bark 
liack to times raiM'h more remi»te than these. In pro- 
lialn-olii hie da.vs man wiu little aliovc tbe lower aolnutls. 
Tlo- |>icture tliat I have of the earbot pnmitive man at 
j ,i. -en! ks an admiiUlre of Pitli~'antJiropu> ereetus and 
the I'ilKltiwu kftdy. With tin- fiarmer's cranial capacity 
i if STitl cubic centimeter* and the lalter's simian lower 
maxilla and canine tooth, we are jn'ttiiur daacerDualy near 
«u MUfsal H«' antlmipuid aia-s. A large main (orilla 
■ oay have a rapacity of 0110 cubic centimeters, and there 
wroubl therefore be much leas distance between him and 
"Ihe fossil man of Java" than exists between this latter 
awl an avenure mislcrn European cranium. I need not 
•-titer into the ■^.utrovcci as to whether these fossilised 
hiiaisn crania bchnur to tbe early netstocertc or lata 
i'lioce,!,, periisl. Tbe r<<<h>«isl has stroBf inctination- 
hiaaiil t |„. foriree, uhilr tile aathro|Niloirut has much lo 
say ufi (|m> laltix. 1 have faith thut there am still to be 
■iiHurtrjril anatomical Mirprier* of un|iaraQeb<d import- 
ance which when ijitrovc red will aocesMtale a cotiatant 
narranj-meiil of ideas us fri'sh uiaUfial is bniught Ui 
Ibjht. 

aNisiALa' cKLr-t-iiasTiva iKKTiNcrra. 
It bj well kno«-n that animals imimmws strarur self- 

* An atNlrsrs of « praidmttil adilrrss delivered twforn Uis 
Nona l<et» Motewl »„,! < lilrmclrsl suclety. ar ' 
Ui Tar fssnf. 




aatsvJHi Noulttale Itrit Sabes sttd Imino ifrtvcsUMI. Ma 
10 was ossd la trepblalns skaua IPIB. 1 sad 11. 




I pare rtclil eauitut tsualu 1VI reSTS] lriTMie4 t<r dlnl 
tUk«. Time lakes, ail ulnatea. Law rUM Her skull 
psrtlnllr trcpklDcd kf slurk'a loetk. Time tskea. IVi 
hours Lawtr ten — Kksll ef tusk* (« yssrsi teafblaetl 
by olaldlaa knife (Adadrsllr Islssds). Time tskea. » 
udselea Koto, ueed shewn In ronlee- t!j»er left — tHiall 
of lafsat ll« wuothti trriililncd >>T dint flske Tlnie 
tskia. rslnutea 




llsfl(d elmrk's tootli. 
Illuslrationa representtaf experiments of eWTerrnt 
kinds ot primitive trephining, with tools used. 



curative instinct*. Disss nlvil cats alien irelisiKiosl will 
fwt jrrasM> that have a mcilicioal aeiiun, usually of an 
emetic or purgative nature- The llhrous-rootisl abeal- 
grass, 1 Treflruiu cu»r»vsv, is fresjuenlly t. n by the 
fnanavT. If an annual has los<n iujunst it is nutered eejn- 
tinually I" lick tbe affected part, which is a somewhat 
cruel*- combination of our modern fonscutation and mas- 
sage. I"relioturic man would most certainly have liclo.l 
lies wounds. Later, wlu>n he had hot woe of his earliest 
animal inetinets, be would observe what animals did and 
imitate thorn. Thut lb* use of bnllrtioree was believed 
to have been dierovorud from the goal.' Virgil tells us 
tliat dittany was "eaten by wild goats when they were 
shot with darts."' Pliny tells us tliat bleeding was 
taught man by tho hippopotamus, "that intelligent 
animal finding himself plethoric, goea out on the banks 
of tbe Kilo and there aftorcbos about for a «liari>- pointed 
reed, which he runs into a vein in his U«. and having 
thus got rid of a sufllclcril amount of bloml clones the 
wound with clay." Buffaloes, horua and raincls ore 
excerdingly fond uf licking salt, l'relevaleky says: "lln 
the Mongutian camels salt, in wliatevor funn, a.-U as an 
niienent. etfHeially if they have bisn loiw without it." 
Livingstone says that "tike rliinipanxeo. soke, or otber 
antliropoid apes will staune h bleedlrat woillirU hy means 
of thebr finger or of ItWfaw. turf, or grass stuffed bjta 
them." Primitive man must have ilooe likewise, eml.v 
alwavs a little inuev. 

Tiia iNierme-nvK rcuion oe MMiinar. 
The first iveriod in the htefury of insslicine is knoa n 
as the Instinctive l*eriud or the Period of DemorMihigy 
As eailiryobsjcy eititeimixes etnlutkoa, mi the study of llu- 
pmecnt-day primitive savage unfold* to as tile larger 
htetory of prehistoric man. It was no lUiubt tbe twin 
mystery of disease ami death that first stimulates! man 
lo think, that i* why tbe mrdiobtc-iuaa and tbc prie>l 
were one and the same IndUUiual at the outset. The* 
position of the iiwslkHm<-nian in the tribe must have Is en 
a most exalted one. In a fascinating tosek just puhhil.iil 
on the Amerean Iwlian. called "The Vanishing Rlavf/'W 
this is well shown. "Tbe Irellan," It says, "aspires, to 
be a great hunter, bo sistks fame us a noble warrior; be 
"tnigghe for Hie eagle feathers of diellnclioii. but bi„ 
greatost lunging i* 10 beeomc a medirine-nuut and know 
tb«' greut mystery. ' Witchcraft and magic early tiieek, 
a chief psrl 111 the In -iitii.eiil of disease, and drmoliuliHg v 
re-igncd supreme for many millennium*. Lsetiuuiohsjey i H 
Isvmsl ou "Animism." and this latter briefly ismslata in 
the hetiuf in the intlnonee of the spirits of dead prrseutin. 
Aiioiiism hns it* lecoutlful as wall as its bidixius asr»«,t. 
The w ide ltelief among savage raises that inanimate u|>> 
ji-cts. all well aa animate beings, are all |»eeseseed >,r a 
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spirit has born ireU demonstrated by Miw* UvUnrW* «t- 
Mlenl albgnry "Tli*' Blue Bird,'* which shows the happy 
aid* thU rreed. The >iu1m|>]'> side in illustrated by the 
> bestowed on spiritual infttitderv an* I the pro- 
pi bed by them. The throe chief thoorie* nf 
r|ni(MMM wore; 111 ll»*< srigvr of a di**ffc4-trd spirit, (2) 
wiu-hrraft, i* orVndod upirit* of dead person*. Tbe 
Maiiittrs,* a low niee uf the Malay Ptointoil*. twtifm 
that tle-re \* a HC|)arut*' di-o-uw—ipirit foe every illiw**. 
.►ne f.»r »iiiatlp*,x. one f.jr mllairimntlonuf the band* and 
f «-*•(, and our f<tr h*-iiborrhage , in the bod-named ease lit** 
npirit ih thought to fasten itself i>n tbn wound of the 
individual and mh-U out hit Mmd. Tlie aboriginal New 
ZeuUndrrs* had n tcfmratc ileimm f«r iwh part itf the 
body to cause disease: Tonga caused hands-he and *iek- 
w*»; Moku-Tiki te^poncdhle far cbust pains, and *« 
iki, lii Brittam 1<mUv similar pagan idea* arc uni- 
versally accepted, hut under different au«iHri-A. The 



odd of these three snccliiwms alluded 01 



is pro) table that onji 
to above i« Xmllthm. 

UM AKKAItX TtBPfllNID gftTLL*. 

In the Mu«cum »f the Koyal (Allege °f i 
England aw sit skulls uf modern Molaiusenan* that have 
been either partially <»r wholly irephiued by na*m-t of 
thoM lalaud*. In thr«e. of tli*°*t sper-imco* h ei»mplete 
pt*rfuTAiii*i ha? Nrn made in lite * riuiial bone*, and in 



If the »ivU. 



• *nff>ring from IhhW they offer praye* 
to M. MamUa; if from fever* they petition sr. tinncry.' 
The earth fntm the lamb uf thi* lattrr saint U con*idi*red 
a eurv f<*T any kind of fe*ver It U wld ia litlle murdin 
hnv* nnd tied roubd tbn nfU of tbn |»atH'nt*- 

DKMONdt/JflT TlIK HKAHON 1MB. TIlKrlltlMINU. 

It must have hoeu hut a «hnr1 fw I He lb>t Man. 
wno, Itrmly bt'UVvinc in <b-nuiniar«| fKiw*r»Mto<i and who, 
at ibn Nuni* Uin<*. *ufferrd cith<T from fm|iieul flu. •»). , \^t« 
rAin in thv brad >if a prrUnliu or paroxysmal iiAlure, 
rhmftli* bfiuit>ranin or unb(«rabU< M^hi^o'm dtu^oiHt, to 
make an rffort to frvc himftrtf from hit. ffttcriL Lift) liad 
lw«H»iiu* an inlokrubk* burdrti to Him, and ho bWieved 
tbiTv wjw a ili-vH nutde hU 'tfwiiiuii thai wan p*-ti6oqiiMl 
MoiKtahat prrviMcntly for Uburty. Tb*- flr*t operation 
mimt havo bt*»-n troublt**ome and tt^ltou*. ot>t to mention 
itM rxlrfnif dan^tT- Tlie tii^tiruir-cuan bad to irtt'lw ttiK< 
M«'*lp with a Aitup pi*oi* of Itim, am-^t Omi b]»**dan*(. and 
*rnip«! thu botiir. Thii irould taku many hour* to per- 
form, bul lb*' paticat *a« helpful and anxiou* \v ("t rid 
uf hi* dvvil, ami po«M<«M<d that untlttndiiiit; storwrn to pain 
that M rtiaraetrri^tir nf the nava^r. If Lhr patirnt re- 
oovrrvd. he »a» rvvt-niDeud as n hmt. If !»• dird bi« 
nknU wiih i^iprlv Houeht afUT Tb«> lrvphin>il portinn 
»a- rvniosotl by dint aair* and pi«K*«t of htmr, edfni by 
purl of tbu hroiiMl nicatnx. were rrmoved. Bitlitr a hide 
wuh iMuwii throuich thin or a irroovr inaik *fnxiikf a 
fir- 1. h> thai it misfit bn woru it* an juouU t u> di*f«nd tbu 
w<nr«T airainut the diatve from which tlir d**d tuat* 
mfbfed. Th<> lint Hkull of thin kind Uj whtvh tbr att«j. 
tnifi of v*i*«itt«t> waa drawn w«« ili»t>iv«mrtl by M. 
l'ronltft« in tlu- ynar in a dalmm near Aiieui^rtw, 
Tliw obwrvrr iai«took tlw bob- willi tho Kiww»th kIipm 
r«r an opcnlnu tb»t IumI Ih-m mad- ariillrially af death 
for t he li t M, in thi. mHivnniiiHi of tb*. skull into a driiikioc 
*'Ujt, a rin torn wrll HM-o^ux-d anxnj; nnivmcr (rlhi'«. It 
wn< Irft U* Vt**t. Hrv n to iiilt riirvl 1I1U, ami In nhowrd 
imlulMtaldy that ih> hoJti in lh#' nknll hail brcn nuwlr 
; life and had Wen tlot* by *crnpbijt.' 

M-OtlTIlir THKPHIXIKG IS OKBAT a HIT A I X. 

U i 



of trrphiwd ikulla that have hem mu*rthr«I in Fraoee, 
that the custom would have *|»rt4id (jj thn ltritish 
im titilj tl»r Chamifil M'parau-il th* tavi ojuntm*-, and we 
batii rviilnnot: that no inmniidcrablr amount nf tralAc 
rxHtrd between the aboree in N'wlitlilc timoa. I have 
only been able to boar of thrw Juch alralU that b»v« 
Imh'H dk*oov(rrod in tbi» eountr>', wotdd. be tuiwl happy 
to Ik< informed of any other vpecuineiui eltould tboy oxUt. 
The three tpecuuou* of whx'h I know are the fallowinK; 
I . A "droll that wan dredged from the bottom of tlu* <h»d£fl 
at Tort Talbot. South Wake, in or about 1*470-72. I bava 
a pbotucraph of thin skull, wliirh ban be*.u kindly lent to 
ui*.- by Mr, Thomas Gray. Thu skuU shorn a frontal 
ox 1 -ft vat ion over the riff tit supraorbital rvcioti. An 
intrrr*tinc fpocimen showing a ruMC-trvphmrr, ax if aa 
effttrt bad ntacki to remove a rornbil of bone.' Thi* 
m|m«-iiiu-ii wiu exravated in the autumn of l$b3 from a 
kins; harrow, near Budey, by the laU- Dr. W. II. Paine, 
a-*^ied by Or il^tiry Hinj. 1 have to thank Mr. A. K. 
W , hfciue, on of tbn tlrxt-iurntuiiwJ nxcavator, for kindly 
furni*hin*' mo with a photograph. Prof. Arthur K»tlh, 
n lit. Kn- thin *vj)*-^ i iiiw 11, f taU-< th;tl "tbt'tv- it no mark 
■ •I ihll:imininin»i or iliwgi-». 011 the Ut|i» Tbi* probably 
fulfil** U* tic Ur*nu* Ak». ;i. Tbf ihird sptviirien \* hi 
ill* \orth*ni[Httn Mu.m iiui. 1 I'uti •■inp>inIi' , Hlly *tatr 
tl'Ai i lie ilin-"' fr. |fl,iii. hoi* in the fiwm uf tk triangle, on 
ih- \> ri4 \ „( tliw i-kull, w. t. ».»t mad.- donru: thu Mont 
Art- u-ir hv m\\ Sl*ini- Atfi* mifl' :nm(-«, All ll>*l i* kmiwn 
• if ilii- •f»m iuit n 1- 1'iit' it w fuMiMl ' iKj'vidit tlu- Itrituh 
( iiiir,* t-^IU'l Jliiu-l.iT> ' in NorthunipWtt. (In * iu-nlt m 
•:kull I Ui^ JitAtU i\i4(-i a nuidil w< f i'«:i <rf thf ihr.'e 
li-.l.-. tin n'tMr.L- hi/,. ;md ry-K'n ( . |k.-iI..hi, and il w ray 
..|iii,imii ll.al ih>> a - r» on ll,% oruriuol not frvin 

j»o> iti itntnul-'ti al n*Kii., t.u". h> u n^iaii* frtr ^iiMi' ivtti^ 
tf-» -t.'itl m -a tr*tph> by 11 llnma. Ac in- L»*.i r bi-Jobnian. 
1 Jimr to II juA Mr. 'l>ti»m.-v- J. Uti>r>;i . •Mirulor of Uir 
N.irtban, t .t..u Museum, for hw km.lu.i-. in *-ndju* dm.- 
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o.ib r table and diplnfl havt- >a«*m r»fln.v.*l. One, a male 
from New Itrilain. haM a larye holr mraKiirin*' 2s mdli- 
metm by H# mdlinieUi>i in the rixht oe?i pi to-parietal 
nvlon. Tbr outor edfo of thin hoi* » thtti. leveled »wl 
muHith, and shown a healed surface. dentonMratinir a 
MieiM-5^o| o ( Ke»t*oo. Of tbe five other skull*. aU of wliieh 
name from Krw In-land, one Khoa'a two frontal tterapuurti. 
<hi the left side tbn outer tablo has litf^n r^mpleU'ly 
rubbed throucb and on the right u a circular wrapinir 
Uavina; n ho M of | R ,rw in the eenter, wH-h looka as if an 
attempt liad been n<adn to rcnaov* a«nall nm.h.l of hoftr. 
In tbn tbinl nkoll is a beautifully rounded perforation 
irieamirinsr 14 milUinebini by 15 aulliitieten in the left 
frontal retriua. The edcus of thin hot* ahow perfect heal- 
There ia a disoaawd patch of bone with 00 n«i titrable 
in the mid- and riirht -frontal reiciun which demon* 
*tr*1eij the ohxiaii* reacon for thin operation. The fourth 
skull U similar to the last in tho fact that a largn anrapinir 
H" milliineterv by 28 millimeter* > has been made, prob- 
ably aa a direct oounter-krritaliou lo relieve N»v«re or eoo- 
tUioiHjt. headaehe, in front of aa nxterudvoly dlwased area 
or boon. luliwMthskuUthc»isab»rircdh^ 
inc. 4* miUlmeters by 35 nullimeter*. in the rhrht parietal 
rorlou. A deep furrow In Oie eent«r of thin wrapiaij iUiu- 
trntm the method by which this was dooe. In tbo sixth 
and hut aperiruru there is a Large perforation, 33 milli- 
meters by 40 millimeter*, over the ttft frontal r^ioo. aad 
part of thbi hole is filled up with frosh nalhis formed during 
the prooms of bealinjr All tbo eaaes have undoubtedly 
been doo<, by aerapouf the bone with obsidian flake*. In 
Molamsia oft.tr the opfraUon han bwu perforrned tha 
fc'alp it, replaced and simply bound into position by a 
handdco made of banana fibre. My thanks are due to 
IVof. Kirth t*v lus ouurtmy in peruiltlltic me (o describe 
tb«*4e specimens in this paper. 

NBOLrmic methods or Tat mi n in a. 
B*ia« anxious to aacertain how Neolitbie man treph- 
ined lirinc mibjeeta nil! the erude materials at his din- 
p"*al f I made a series of some 10 experimenU both upon 
recent and dry skulls. (Sec Ulurtratiotw. I When who wing; 
thu results of eomii of the* «xi>«rlments to Itof. Keith 
he informed mnnfa pamphlet by the Ute Dr. Lmcju. 
Obiuupionitiere» in which I would and tliat several of 
my esirerimenU hail already been done by 1dm. I was 
quite unaware of this brochure when making my U*st*. 
Iteferrinf: to this pamphlet it appeared to me that Dr. 

Tbe materials I u«ed bwid^Tobit were obsidian, shark's 
teeth, shell, and slate. Flint 1 used both in the form of 
Neolithic scraper* and as a hafted sharp point to a bow- 
drilL ThU bow-drill. 1 may meutioci. Is one of tbo oldest 

In two ways— ftnrt a* an ordinary flaked scraper, and 
secondly as a hafted impl*«nent In the form of an 
Admiralty Ijilanni knife. | tuod two kinds of shark s 
teetb — a mall variety, for an infant's skull, was obtained 
from the Klatr's Mill Islands, and was Idea titled by Mr. 
C. Tate Regan, of the Natural History Museum, as be- 
kimring! to "Carrkariai glaiuva or a related spocios." while 
tbe larftx-r specimen, which I used for adult sknlb. was 
GtdrAr*nL> «ii-rfu-iui. The sbelU I iued were beach- worn 
specimens nf Owiwn utuln. 

For seraping' a hole in bone, metal not being eoo* 
aldered. there ran be no better natural implement than a 
well-flak od piece of flint- When flint cannot be obtained, 
as in volcanic regions like the South Pacific Islands, ob- 
sidian makes a good substitute. Obsidian is a natural 
voleaoh- cla»« and. can be flaked. In th* same way as flint, 
by a sharp well-directed blow. Contrasting those two 
substances I would give flint tbo nrst place. A hard, 
sharp edge can be obtained in flint which » mors resistant 
to QwiDt*r-p«c**ur« than k» ob*d.uuu Both flint and ob- 
sidian when freshly flaked arc exoeUestt substa>oeea for 
sunrieaf |Kirpost** by virtue of thdr smooth surfae4<s, 
which wi>uhl I* a^ptw. Th*.» methiMl I etuidoyed for 
Slumping tlui tr, |diiiu •bole with llint and olMidtan wa* 
tbe followuui. With a suitable flake I scraped as nearly 
a* |-oooble along a ftinglc line Thi.» hue 1 Krndually con- 
verted tai«.» » ynmx-t>, whirh -o-Mt -bo».«l I Wo im.«>. iht le«i 
promitu-nt eibjT^- With a eurvn] movement of tlm 
xerajier 1 next iittncked these edges until a de|i>rti»ion 
ha. I be«.ii pmd;irf4l pit \Uv Uiiw wlix'h gfadualh n^jme«1 
an elliptietil t.lia|K- It v*> m>w only a o,iu-liun of ihou 



iuf,» ^ nhul.tr iMie. and lliw, hiivme |H-tietra»eil the 
mruT tnM* >.f ih, »kull, t<< *\|kim the dura mnier attd 
entarvc il>' f-'niiimi to tlu- ni-ce and ^hIlpt. rec|uirt-i. As 
nvanl^ t^., Uiwilrill I Uir^l » sib-eevtion <»f bob-*, nome 
tiluxtt in uunilH 1, in ,i e 
Tbe* it 



a to break down tbo odjry* Wtwem then* with a 
sharp, strong Sake, and then by moans of sawing and 
wraping eventually lo remove a complete rondel of bone. 

not In any way calculated to hear comparison with the 
simpler method of scraping. As rtsrards sharks' teetb a* 
surgical instrumrsits, 1 am satisfied that there Is no more 
exneltetit uatural impb-mecit for WiTtng hoUw iii tione than 
a hafted shark's tooth. It* keenly serrated cibrcs and its 
strong, sharp point make it an instrument invaluable to 
the primitive surgeon. It nMirvover poas«Mttw a natural 
flange whiuh converts it into a trapbtno of uiidesualile 
utility, for tlie flange Is mi placed as to prevent the point 
penetrating too deeply lo the wounding of the dura 
mator. A ring of hob* (as in tbn case of the how-drill,', 
packnd m eloeely as puswible, followed by breaking dow n 
the bridges between them, make* a hole (after removal 
of the rondol} as elnau ami neat as the most fastidious 
cbinirgoon could wish. Trephining by shell was probably 
bcTer attempted by Neolithic man in Europe, though 
prilnitire man in the Houth Paciue lrlambj certainly used 
shall for this purpose, and shell knives and buioots for 
opening abaoeMsea. It took me marly 25 minute* to 
trephine tbn skull of a 1> months obi infant, a H*-h in time 
bears most anfavnrably with the sam* orxeatUMi on a 
i\ month h old child which only took 9H minutes, or 011 
a Id months old cluld, which took 15 minutes, 1 u«»d 
«bMe in aue iastartee, but It took me nearly iVl miiiuie* 
to make a small bole in the skull of a man of 4i year', 
Tbn originals of my experiments are exhibited in the 
Uistorienl Medinal Masrum. and 1 have to thank the 
ourator. Mr. C. J. 8. Thompson, for bis kind loan of 
aboriginal trephinwl s 

We have hern looking hack into the far-away post and 
have been eaduavoring to piece together thu hiitory of 
prehiirUirio man from specimen* of bis handi*>»rfc Ual 
have been heirloomod to us by tbu sbnluring hand af 
Nature, who has protected them for us either by covering 
them over with the debris uf ruck or biding them under 
italngmito or In tbe deep breoota in the floors of eavima. 
To this has been added a passing glimpse at tbr method* 
of proseot-day primitivo tribes. Tylor says:" "The uni- 
formity wlueh so largely pervad<4 otvilitation may !« 
ascribed, in great ronasure, to tbn uniform action of uni- 
form causes." Thus it b that the eombinntion of thrw 
two parallel studies enables us to get a true bought uito 
the Ufn of prehistoric dayx. 

tMUnjTMphj — 1 rrsxt't British (inMsst. ps> so. [2f s Th* 
Ovtasa and (Jnivth at th" HiwUbii Art, by Kdwknl nntlua. 1. 
AaiUMo to AUitSMt. bj lien. 4. Hbvxj ot ModMor lraa ibc 
aarllest Tlmea by Dr. Wttaington. S. Tas Vuibhlssj K»cu. tij 
Dr. JeeesSi K Dltea. p. IX ft, KoOi Modkiae. p 11 7 71m 
land erf the t'ankon, by Anatote ij» tlrst. a *• a Trfp«iau>i* 
NeollLuluue. jar Itruta. 1»12. tf. KsravaikuH ut Orsabonte rht*f, 
by lAuueans-Ocaeral Ptw-Mtwrs, toL ill. p*m<> W to Trs- 
psaauoo HSoUlhlqwa. Treoansttoo jjr^^c*»mbWit»,>. TrSn*aaU>a 
<lss Itsbjaw, TrrtuansUiin TrvUlSKuSW. uer U lh-- 
ukmnlam, IVta. It, Primitive Cullure, bj Dr. E- U. 

The Use of Marine Turbines 

ALTHoitun we have read ,rf -vstm turUmw f 
propulslou for a numlwe of year*., still tbe subject is a 
new one to many pooplo. It may uilcrcHt tbenr to bam 
that of the Parsons type there are Is^jUIM bon-- 
power in use at pnaent, and of t 
nearly 2,000,(X"K> honnvpower 
current year. Of the above power the greater part Is 
used in war ships, and only 1.850JUUU b found in com- 
msrouU vessels. The reason for this is that, although 
tbe steam turbins Is very economical in itself, when it 
can be operated at tbu proper speed In revolutions, this 
speed is entirely uusibted for the beat propeller sffieiencj, 
and consequently a compromise had to bo mads on both 
sides, with unprofitable reaulta. Another objection to 
the turbine for nse in vessels was tbe Impossibility to 
properly maneuver them In making landings, eta., to 
that a combinatMin of reciprocating engines and turbines 
was oecnsionaUy adopted, tbe regular engines being used 
exclusively for maneuveriug, and for backing, which 
ordinarily requires an entirely so para to turbine; but 
this was obviously a makeshift* and an undeairablo eom* 
plication that did not meet with great favor. AH lhl« 
lias now evidently ben tlMinged by the mwiiiu^ lt t 
nMluenig grars that will p»rmH the turbine to be run st 
an economical k]h*«<i1. while tbe profielkTS are opcratM 
at tbsrir most efficient rate of rovhiuoti*. making * 
jwiwer plant that Ik more economical anil iHimjKiet ihan 
the popular rta'iuroeating « ngioes. These n>diu-ing jpars 
alwi make it possible to maneuver with the turbine 
So far there are four systems for goeriug down tbe pro- 
|s'ller M|wi<d: the regular g**r whn-ls uf Parsons and 
We.tingh.Ri^, the Fottingt* hydrau 
the eb«'Lnr drive, wbere the sb-nm turbine ..peratee * 
dynamo, whieh furniNh*« nnrr*-ut W n in*, tor attached 
to f.tte p/npelU-r :,|L*ft Tlu- lutt'T >\ftein i* said to be 
vi-ry ]MMniising, wt tbe U^-tof inn»^ in tlir tnin-4"ormulit>e 
is «ur> smull, and the and dire. i,..n of the 

oaa be rsguhUsd and altered very easily and 4«ieU*. 

urgiTizea oy vjO 
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One of the Mysteries of Chemistry 

Useful Reactions Where the Inducing Substance is not Changed or Consumed 



Thkiik ore a amulwr .if rhetnic.al reactions thut arc 
«>ll«.iivi,l)- ki>..» n a* catalysis alsiut which very ultlc. 
la as y*t .Mlnitnly known, although in a few or the 
known case of es.eriungly catalytic action certain in- 
tcrn>odiat« nactiuns have bieu determined that np- 
Ittnnlly explain these narlinilar processes; bill whether 
oimllar pn-or*..* lokc place in all oo*. U by n» means 
■•crtain. . In ii< broad apioicatmn the term catalysd" 
is aplJird to |*«m*bim*i that are induced hy tho pretence 
«*r substance* that arc apparently inarm*, and lake no 
pari in tlii! reactions, which mi; be cither acelcealod 
or ri.tar.lwl 1,,- the An -sample of caialyii* i- 

tliat of by.lr.Hf. )i l>croxide winch, in dilute solution*. 

<lccmil|»« 



If 



but slowly int.. water and oxygen. 
"niall quantity of platinum Mark is added the dccotnpo- 
sitii.ii le-comcs im> rapid as to a bo* cviwid*.rabkn uunTves- 
"w. This !u-|i.,n a continuous a« loan aa any or lb.' 
ongiual liquid remains, awl there fa no wasting or con. 
euniption nf th« platinum Idack, all of which can I*. 
mibtcquenlly recovered unchanged by flltration- 

Catalytic reactions occur in all branches of chemistry, 
very many Mag koi.wu. and the catalytU onnir in both 
•solid. lu|ui.l and gaseous forms, although tbr most uum- 
f.r*iun class are anlid*. 

In a recent lecture at King's College. Lornum, Prof. 
•V. Sahaticr considered the subj««*t «"f catalysis, and gave 
suauy examples of this intricate action, together with 
ewirh explanation i.f the, theorise of the. |Mrocttss an am 
nvalUMe; and from this lecture tlie following ulntracls 
txrc derived: 

TIIKOXIKO OF CATALVBIS. 

Uenrlius. wbo first .-allod attention In the phonom- 
<•nt.li . offered no real explanation, but suggested tliat cata- 
lysts was iIiim to a .dtange in tb« isdarily of 111* atonu 
crioenicd. The importance of a nnii state of divinun 
of the taudyMt lia« duicK'^^J » |iby4i«l explanation, 
Miii'haU.'nircd. Aecording to this theory, wlien 
platinum tita^k it. introduced Into a inUuir.' of oxygi'n 
an.l a .'i.mlitutiblo gns [hydrotcm, alcohol vapor, cUO. 
the ira».> are alwrlied rapidly by tiw p"' n "> naUirial 
ahl.'h nttraeU them to iW snrfaee, and the |rasol that 
ab»orlK*| an* Kiibjent to iDefiiaM«) prwmire and a loeal 
rim? of temperature, both of wbicb conditiuos atwitft the 
eb. ioii'al iiitemrtlou of lh» c«»«- Tbo produeU are 
imini-diateiy rernorad, awl replaeed by a freab quantity 
i.f the oriicinal cams, anil no Urn noetion eontioiMK. 
Tike beat, ant free hy comprenBion and by the eombina* 
lion of the eaaw. a*«UTat<i* tb*. aetiou. and the platinum 
may i vhm lM>eonu< ineandeeeent. Tbe fum'tion of tho 
eatalyit in Ibua to prod urn. a liHtal Inereaan of prwniro 
and r^rinrMirature. an aa to render pnwible, apparttntly 
at ordinary tem|icratiir««, a nwti>><n whlsh normally 
oeeum only at bkxber temperuUir.!!. Oatwuld rctrardii 
the eatalynt nimply u the ae.'elerat.jr of a P°"*>ble n~ 



aluwly. and aonuitunn no slowly as to Iw lue*] W ble of 
det.s<tion. Tlile Uiwry d«** not offer an explan*u..n 
a* tbe altraetion of certain jraaen and Dot others by 
tlie surfaee of the e»ta)y*t; tliif , platumra butek miwt 
be -*i|.p..».Td to atlraet bydroeen and oxygen, *>«l not 
a.i»i.iMi» raimr. Kurtli^r, «Ttaln eatalytir artioiw am 
effeeVd by plutiriiim foil or aire, as »ti11 ac by platinum 
lil>"k. A platinum spiral, heated to expel gasw from <l« 
Hurfo**.'. ntid twill mrt nM*t>iyl alcohol, causes oxidation 
,rf tJ„. tain* u. formaldehyde, the boat mmi nlol k.^,K 
i„g tbe metal incaiMl.^ewit. A lanei? sheet of platinum 
foil, wlilrhlly lienl.'d and h.i.1 alw.e mi iiuliirlite.1 Itunwu 
burner ctiuw. eoniMnation of the Ras and air. the foil 
lieeont<« incandi iesmt aiul may start u llnme In these 
en-.-. Hie ]m»..u« solid is out prvwnt. M1K1.1M, in tlx- 
physiivt enoeeptioo <if .talalyw the important .liffcrenei-s 
in tin- eff<*-t4 "f various solid catalyst* liavliuj Uie nani.* 
^triM-tur.' uud state .if division, are ignored. Zine ..vide 
al.d tit.oiie oxmUj are physically similar Iwit aet very 
diff.tyiitly en fortme arid uqwr at ;»«» dor. Cent. 
W.lh xlne oxule, t^iual volumes of carbon dioxide an.l 
by<lr.<eii are funnel, while with utanie oxide, water 
and earlwjti inonoxiile alone ore produecd. Ton l.hysieisl 
ri|>um»tH.n of e»ul.v»s Is not applicable to liquid and 
inwst.in eulalytu aliieb form a 
• ttb the reaclitur »ul*Un-«. A rational ln.«.ry i4 cata- 
Ijii. must be bo*«l ..11 tbe ehsJilinil action of the .'atolyxt 
"Iii.tIi ns unite ««h some ih* the reai'tlnn ■.il,„t UD , <^) 
*> 'onii an unrtabki intornicdiata .siaipminil. 

T Wil . hetr.ical systems. »bieh are tbem-elvcsi «tal.K- 
U«.i, K |, ,-aiulite of uo.UrcJu* chance such as liydrt.ireit 
l»-r.»siitc, and 1 hrninic a.*iil tolutior. niixtsi rnltb snlphurie 
ie-i.1, wtll.a'o n mixed. o.'t cntalyticully t.iwt on tbe othor. 
ctinstiluunit n^iprm'td catj.ly.is, tin* two chnnire* takiiuc 



U>.ln. 



>id chromic 44.1.I »ro both d. 



This indtcatos that tho eauas of the iksumpoation is lb* 
fonnnlioii of an u to table eomitound of a molwuiles 1I.O, 
and i moleeulea O0,Ht. This oompound is doeompored 
as quickly as it is formed, into free oxygon, water and 
ebromium sosqidoiidv vhteh diasolros in tho rulphurie 
aeld. This intermediate compound nan be isolated by 
suitable uvmira. When dilute, solutions are nnad. instead 
of oxycen brim; evolved, a blue liquid is nriHluotsl. Thn 
Mile substance can I* sxiraetad with ether, and isolated 
by .<VH|mratinil at — 20 dees. Cent. At the onlinary 
temjierature thin auhstanee decomposes into oxygen, 
wnt.e, and ebromium «eequi»»l.l«, A similar example 
is tbe interaction of hydrogen peroxide and petOAUum 
periiianiranaio, and the existeoee of an 
stable cnipoilnd must be assumnd in this 
oantNAHT rsrsivvstti. 
Ity analogy. It may be coneliidod that i 
cowliines rapidly with one of tbe subsUoees present, 
and the .s*m|M.iind formed retu-U quiekly with the other 
substances, setting free the catalyst which ean aet again 
in the Mime manner indefinitely- The intermediate com- 

are stab!* at some other lern|i*ravun> than that of the 
catalytic reaction. This is tho ease in the production of 
other or of ethylene from alcohol by means of snlphurie 
tvid. Concentrated sulphuric aeid pontblu«a with alcohol 
to form etbyl-Mllptiurle aeid:— 

C,HsOn+SO.Hr-SO.H C.H.+H,0. 
If the liquid he k«|Ml cold, no further ohanfi) oeeurs. 
On heating to 60 degs. Cent, in tho prnaeniMi of an etoea* 
nf oleeh.il. tlie UlUr fMla on tbe etbyl-«ulphuric acid 
to give ether, which distils off, and sulnhurio acid which 
again eomlanas with aU-ohol:-' 

C,lUOH+SOJI.C,ni- (C,II.)erH80.H„ 
the sulphnric aeld thus acting as catalyst in the re- 
action: — 

1 (0.H, OH ) - HrO+ (0,U.),0 
A stnall quantity of acid ean in this way uratosorm 
a large quantity of alcohol inbi ether. If the liquid is 
quickly heated to over 150 degs. Cent., ths reaction is 
different. The ethyl-tnilpburie acul Is detwrnpoaed with 
formation of ethylene and sulphuric aeid: — • 

HO.H.C.H.- CH.+80.H ^ 
The arid thus formed acts again In the same way. serv- 
ing as catalyst in the reaction:— 

CsH»OH-C 1 H.+H,0. 
The Interinssltata compound in both of thean reactions 
is easily detected, since it is stable at a lower leni|*ira~ 
ture. Anolhor example it furnished by Squibb's method 
for the production of aeotoue. The vapors of aneUc 
acid are passed over calcium carbonate at 500 degs. Cent. 
Tlie initial raartioo U evidently tho farrnation of noe- 
tate: — 

CaCO,+2(CHrfO.H)-CO,+ H r <>t(ClU-0,) l Ca. 
Below 4U0 dugs. Cent., the reaction produces calcium 
a.*tato which is stable at llu. temperature, but at 500 
dugs. Cent, the acetate is decomposed into acetone and 
ealciilm carbonate: — 

(OH..CO.Irr*-^aCO,+CHrCO.CH,, 
and a small quantity of calcium narlioiiate ean thus 
cbangc any quantity i4 aeetatn acid into acetone. In 
both tluswi examplea, it is iinpottttbie to overlook tbe 
intvatrxnediato oooiiiound which sorvos as a step in thn 
reaction. Dot usually the intermediate compound van- 
not be deteet.,1 with eertainty because It H not suttl- 
cl-ntly Malile at any temperature to he isolated. This 
is the ease in most of the catalytic ivaetlons inducsd by 
platinum or finely divided metals. But some idea of 
what occurs ean be formed by analogy llatinu in black, 
when introduced int.. a mixture of alcohol vnjior and 
oh-, flios oxygen on its surface in the form of a true 
chemical compound, such at I*l0, and tbe oxide reaeta 
rmniiHllatcly with the alcohol vapor to form aldehyde, 
the platinum being ft free and acting again in the same 
way lndotlnil..|y. Similarly. redix««l nieM placed In a 
mixture of hydrogen and bonrene vapor. a«,» hy drogvsi 
on its aiirfocc in the form of n thin lay.T of an unstable 
liy.Lridc. such sj Villi. At a suilolile tempi-rnture. 
about 180 degs Cent . this hyilridc reacts Immediately 



niekd is n'geo.irated and aeta again in tlie same way. 

It alpo frequently happens that the unstable inler- 
nMHliate euntp*juiids formexl by the catalyst* can dct.'r- 
mine tho rvactico in eitlier direction. Tliu*. platinum 
black alworb, free oxygon ami yields it ag,on immedl- 
alelv to oxiilltablc suostanees, but it enn also, by virtue 
of the same affinity, take oxyit.-n from ^ubstan.'W callable 
of n'tolily losing It. Wh.-n |:-liilioum blai-k is drop|sid 
into hvilnHCi-u )icn.xl<|e, the plntlnum imwdiaVely !»k™ 
thcuiolal.b- ovMc, which." 



according to cireumstanees. Fraely diviited ooppcT or 
nickel placed in an n<in.»phero nf hydrogen, fix the gas 
tomponrlly and pan it on to other substances. Cnn- 
vissi'ly, in the ptvve^ifc ,)( substances eauable of giving 
up hydrogon. tlieae metals take up hydrogea, wliieh is 
immt^liatelr set frts.. Thus aldchydos passed with sx- 
ecss of hydrogen over nieM l»*ow SH dogs. Ceau form 
the .wmapoaiding primary alcohols. Conversely, tho 
vapors of the primary alcohols. |iaased over nickel at 
350 dogs. Cent, are decomposed into aMehyuVa and 
hydrogen. Cases nf this kind are very numerous. In 
conjunction with Mailbo the author lias shown that the 
vapor of phonal wben passed over thnria at 450 degs 
Cent biws water and Is converted into phenyl ether- 
I*tcr. thn author and Espil showed that a mixture of 
phenyl ether and water vapor, passed over thnria at 
«A0 .legs. Cent, readily forms phsool. The two reaction* 



procsxi 1.) eoenptation. A kimilar inversiorj of the effect 
nf the catalyst is often met with. The recent rnaearehra 
of Dnurquelot havif shown that cmiiHn, a soluble or- 
ganic catalyst, not only effects hydrolysis nf gluooaidos. 
hut can very often lead to the furaiation of tbe same 
gincosidea hy dnhydration. 

The oatalyst appears to play an active part in the re- 
actions which it determine.. The lem|>orar) cMiiluna. 
Uuti of tbe eatalyrl with one of the rote ting substance* 
makes tbe reaction possible, and a small amount of tho 
catalyst ean change a largo quantity nf tbe reacting 
sabetanoas, because (ho cauly.t Is resennorated by tbe 
rapid danontpneltion of the interaicllate compound. 
There is thus an desalt* relation between tlie mass or 
the active mrface area of til* catalyst and the weight 
of the substances which it can produce. The reaction* 
will, bowover. be mora rapid as the quantity of catalyst 
is greater. Tbtdr velocity will bo. in some degree at 
least, proportional to the mass of tlie catalyst in a horoo- 
gexieous system, or to the surface in the ease of solid 
catalyst* which aet only at their surface. 

This chemical conception of catalysis has led the outlier 
with his pupils to tho discovery of new facts, which 
may ho grouped under two headings, catalysis (1) by 
metals and (3) by oxide*. 

In a series of researches extending over nearly 1" 
years, in collolioration with Sendorens, Maillic. Mural, 
and Espil, it has been shown that the common riK'toU 
Iron, copper, eolisjt, and especially nickel, in a fine state 
of division, such aa is produced In the nidiiotion of the 
oxidas by hydrogen, carbon monoxide, or ateohol 1 
form active catalysis in processes of adding or 1 
ing hydrogen, ami in moh<eular .letiompoattions. 

The catalytic action of finely divided platinum hod 
boon used ehiofly fur effecting oxidation. Only in few 
ease* bad It* power of uflceung tlie addition or I 
been recognised. In 1BD7. the author • 
Scndcrens, that In the presence of reduced nickel, Tree 
hydrogen at a very low teenperaluro can rapidly change 
ethylene into ethane, and It has since been shown that 
this catalytic action of nickel la quite general and n 
capable of effecting the addition of hydrogen not only 
In known react" n» usually earned out by means of ordi- 
nary reducing ogee to but also in other reactions which 
oould not be effected by the old methods. The method 
eovploy.il by volatil'i substances i* very simple; it » 



or the removal of 



exonss through a column of r.slnccd nickel kept at s 
suitable temperature. In this way, Dium-eompounds eau 
be converted into aminos, e, g- nitrobentene into ani- 
line. Kthyleuie and ae**tylcnie com|s. units are rendtly 
oonverted into saturatod onmpounds. Ariphalic lUih'- 
hydw and kctonea yield the corre*|>ullding alcohols, aiul 
amines am readily obtaineil from nitrilos. oximes an.l 
amides. Carbon nKiooxiile and dioxide are converted 
into methane, and thii may posnibly \m thn I«ms of on 
important eointnorcial process for monufaeturiiig fruni 
wafer-gas or coal-gas a lighting gas rich in methane anrl 
having a high laloriflc power. The mutt valuable ap- 
plication of the new ln..th<ol U tbe formation of cy.t|<s_ 
bexanc derivHtivea by tho addition of <i atonts of hydrop;., n 
to the brnxene nuelclis. Fty simidy passii: 
va|ior with hydrogen over reduced nickel at IHU 
Cent , the tomxene it iHiniplculy converted into 
biixane. In the same way. phenol U isinv.rted 
nyelohexntnil, and onalitic Inbi cyclohcxyiamine. 

Certain eonditi.UM ore essential fur the tucccss of tho 
process! Tlie temperature mutt be kept within ocr-tairi 
liiiilts. which arc wide in somn c»*ee, tut wllh tutm- and 
clh)lenic<vjin|»unds, but narrow in oilier*. Tho r,^ 
duetioii 1/ licnretic corileit lm eff.et.^l nisi 1. 1 iiiO d..p>, 
Cud., at hieher tcmp.Tatun« cyclohcxauii lutes byt| r(> . 
g.-n. Tbe lo*»t lenl|»'ra^un• i« n^ially al^ut INtl .1.^^ 
Ctiut. The catalyst should be prepared in the reuaou o0 
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tube iterM. by redueinir. with hydrogen an oxide as free 
a* i»>«m1>1u fn.ni chloride »nd •iilpliAln. Tbo oxide ob- 
tained hy camming at rUrk red heat nickel nitrate pre- 
pared from poiruntfviu] nickel and nitric acid is generally 
uaed. Tli** nlrkfl ■•> nv»r* artivo the lower the Ufnprra-- 
tnxo »t which it u prepared, and tbo lighter Hie orido 
from which it i* formed. The tnetnl obtained by re- 
ducing the green hjdrojiide tartar 30O d*e». » 
ceedingly active and oft. in eauae* molec'uL.r ■ hanjjos ia 
nompoundf subjected to eatalyw*. Ne*kd reduced 
afore- 750 deg» Ofil will not p«i>vm Wnwiw. into 



degree* for ground oat hull*, 1.023 d<*rxeos for yellow- 
oorii liiiBt, p. 1,113 aV*ree« for wheat elevator du*t ud 
I.2Xj ik«rec* to 1,270 decrees for flour dtuta. Wheeler 
worked with sample* whirh bad bwm dried at 107 deg 
Cent,, while the author uwd the tamiito ** raeeived 



An easrntial erudition in the «^ nervation of th-. oittalyst, 
the activity o( wli|.*li may l-e spoiled by impuritka in 
the hydrogen or in thr reacting substances- Citlorine, 
bromine, iodine and aulphur are Kiw-vially harmful Lit tin* 
case uf nickel In conjure-Unii with Y.*\*l tbfi amh"r 
hua recently shown that thn humidity of the hydrogen 
Iijim tin unfavorable effect, and is favorable in cvrtaiu 
*'a»m litit while it * uwb-*4 to dry tbo ((a*, it is n«ra«. 
»ar> to purify it liiorougUly. It has been supposed that 
Iran* of chlorine, bromine, ."dine or sulphur mould im- 
mediately n-wk the hkkel inactive, but tlu* u not tbo 
cow*). IVtweiie containing Olt per cent uf iodine can be 
converted into eyclobexatic, and during »n eA|wrirm.'«jl 
lasting several hour*. l'«l en hie. rwatlnKAflg* i>f thtittilu- 
lion wan treated. (Jo breaking the tube, the first half 
of th* column of nickel wan found to have taken up todlue 
and was inactive, aod tbo mxxiivd htdf wam itnaltnrvd 
and wan c&|«l»b' of rantaimndf, thp ri'actiun. Tbua Uie 
dratni^tion of the catal>M*r by iodine took placi? mIowIv 
through mnMxMdv« ta>vr». and in tti*- actual uxjifriRMint 
250 wtbtc ot*ntii«»fc* «if evduh*«uio could have \w*n 
ohtaiMMl brfora the tube brcamo inat'tivv. A siuiilar 
remitt waa obuinvd witli U*DfCH> ii>nl*intuie 10 p" 1 
oent of rartioti bumlphidn. 

Hoihirod nickrl <(fTorU tbo oomliination of hydmct-n 
with numerous subtftatxrv, «bi«'U tm*e*l not n«H*i»nl> 
b* in tbw caaeotM vtato. Wbnn a fiiirreot of hydrogco 
U paaMd through n fatty oil. such as cartlwnt (araohin) 
oil at ISO dega. C*nt.. in wbirh reduot^l umM Is simp* nd- 
«d. tbo oleic eaten ar*> convortrid into Mtraric catitra and 
tb# rew^UuQ u noinpbHod in a few minuba. The oil 
i to a fat, which solldUIco «n cuuUiie. Tbia v*m- 
i of oils into faU fc* uskiatly aooom|tanitrtl by do- 
lt in now tint ohjwt of importaot inilii.itriii] 



The ExplosihUit* of (.run Dual** 

A* a remit of u miml^r *4 » \|4omm>3ih io Knun inilU 
»nd HuliiMtrial [JjujI*. and nium »*piviallv oj a result 
uf an «x|tio»4in in a Nfd-trriinJinK |>Jnnt at HutTalo, New 
York, in Jan*-, 19 W. by mhioh thirty -tbnv nwn U**l 
tliMr livfn and upward >if unity w<4s> it^urod, a 
opffwtiv*! movmtrnt tM:tw»-n millinK int«n«tj' ei'wrully 
and thi; Uuruau of Mi'iuk wm arranc**d fur the iKirjN.w 
ol makiim a srltjotill^ »tndy of tin- vxjiUi^Uhty of (rain 
duAtJL. and of nvtluHlt pi.-rtauiinc t*> tbn preventiou of 
xiirli explosions. 

In ord»-r U> inalo & UiHiraWry ntudy of the problem, 
MDipl»-fl «»f tliwr following iliuU w«rn oollontod, and tbo 
conditions under wliirh tlw^ - wrre prudaMsd wvn» vtudivd : 

1. UxjrU prvdiiovd duritaj; tli*; l*©*'**** of clival ing 
it ltd hamlling grain, and kuowit it* <4*ivaU*t du»U; 

2. Wtwwt-fl^Hir diuUi frcim roJU, bult«ri. jmrifltn, 
«'"mvi*yoni, packing ouvhiti^, vk-,; 

.1- Wbtwt-fltmr dn*l>« fr»>m Untiw. rafum, iUivnt<»r 

i. Lhjstf prudiiLtil during tht» i-Uwiing <•( *mU; 

*t l>tlMt frotil grilMtilt< U li tl«* nmt; 

it. I)ui>t from grinding y^U.iw c^irn; 

7. I>u^ frrim griodini; »at bulU; 

H, (Mm.nl d>iM fnin |wku« Hia.-hir..M; 

It. Hkjor du>u fn>u» .Uuilor *.w«-ping, 
10 <^augrout du^t« nfi<r A^jiimt'ir 

Kj(|wriuwn t< »^rt* tbt-n xfarud in thi' It-.ih an «»f 
Mints., I'liutturwlt, to tU i< ruitiu tbt- lirnitii^ii-t. m^ti- 
tnre .jrf tiu- du»t-. MMti« th«- nwtb-Hl of WbMi-r* Thit 
^.r.«.'..| in r.T. iric the dit-l ill * i-Umd thnthrb :» ghtM 
LutMi, ;t it* li>-» iii diiuu* I* r utiil V. iivi-lit-M Jtrtig, uguiiivi 
it biiat^d pluliriuui *»*it. wiii'-li wil- lf» . 7,*> iin'hrf fn>m 
«tt»> «iid u( Uiv tut*- Tl-.v U'iii|*mtnr« t«f ',U.- 
4.nuini-d liv a 1'i-l'lUK ii M ^io.N-ou].U., Iu>ii<« it> ba 
>tiii.'li««i witbin tbf qmuu lulu* ii|»'n uKk-U tin- c-nl 
wipt wi>t|iiil t -nii; tin-. n>*'llntd \Vln«kT tlfltTitiiii^l 
ni(ulilifJt-o .iiju nilun .tf ii-Jtn» ilu-t>, i>tn.-viniii)f r< - 

sulti u.rMiwr ^r»Mu "H>,> d»g. t ria. J"r >titrar, ih*i «byrn » 
»o VKw di-gn*;* for r'nr»li. d-vn-*- f«H- ■ *«1 hn^ks, 

' ** *<> «I-;'M-.. fi-r irr»:ii .ll.Mir-tiulll to I ,)»■"> .|.c^»" f<T 
i1«-nr and l.l'Pt) .l-. V ' t'i'iit. fin ••i.-t.,r -.,•.) hhaI. Tli. n- 
ntl'H i.t/Uitnij nji.^ti gmin <1 : i - 1 -« liy tut" u-.ittoT viui'-il 

f il»r v'-tti r..r o,-it .-4ii<l .N,rn ( |. i M ior duiis. 

l.ui - d.>:n^-s f.^ (..d .).m rr.,m d.ia ..*il«v'...r. i.iwi 
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tonw it dkl not give tlw k.w«it U'lnpwiitur* of ifrnltion 
or tbo reUtiv* inftanimAhility. This UtUr hu dntcr- 
mined by moan* of an apparatua developed in the Bu- 
r»*u uf Minea. It oonskta of an e* pknri.no llaob of about 
1,100 ml*- 

having two ttibuUni, a platinum onil, a difvirt* ft»r driting 
a dust rloud acnin^l tht* o»hI, and a C"ru*by pnwturv- 
g»«p fur ini'MKiiring tli*- |H>»i»tjrv ib-\>Jopoil. In vttrh 
drlnrnunatfenn .VtmiUigramnva} <0.fl017fi onnro) of dust is 
fnrctd in a cloud against tbo coil, which had been previ- 
ously hiwU<d to a known temperature dvU'rnunod b) a 
Chi-nnuoMij|>li>. Tli* U^npi-ratJarM in that iiMtdo thn eoil 
and thiTti/ore higbrr than tbr acrnal t4*mptTntiin! on tb»* 
ouiMitb' of the ""11, Tbf diwl bt ignited by tbo 1im*|/hI 
ettil anil a priM^iiht ib«\«io|M<d witbin tbf flank, wbirh 
i* n-jpatcred by the gagr- The n-lativL- tnflammabUily 
at uuy teuiiwrature is mnaifuifd by tho diff<T«n^- in 
th* pn^irw uVtvvbi|Kvl withiu th« 1 



whk-h »n*t*-U the plat«" PwhUupfer Z4*ita«hr. L Biol. 
1914). 

'"Sdnee a very thin loaf of alnniuihun intorpoacd pr*» 
Vfnls th* effect it cannot be due to alpha, beta* or gamma 
rayt. A l*y«r of nitglftaiii paper (nuitt papier) aaaJctai 
tho imago fainter but dona not produde iu formation. 
Htrjoo after mora than 7 hours of strong illumination a 
merw tr*w» of tbe effect of Ucbt passing thruiigh tho 
paper nnuld be Abanrred, thn effort prod need by the blond 
cannot be ascribed to tight, for blood ia vapable of emit- 
ting merely a very minimal Intensity of light, which 



"On the other hand the |«|»<r *xmM oaaily be p»-oe- 
trated by gee. It oan. in fart, be dRmnnatrated that lh« 
blood givea off peroxwle of hydrogen, as ia proved by the 
turuinc blue of a pieott of lUter-paper which haa b*r* 
saturatoil with a Aobitlon of iKitaoaruni, iodide, atareh- 
poate and fcrrosvlpatc. and then laid over the Idood at 
a diMtniit't* of 4 itiilli meter*. 

"lint hydrogen peroxiib- is rapaMn of attaekina; photo* 
graplur plutn. The effort is due to tht- red Mood enrim*- 
rlw ouly, and not to the serum. H**nre it i* in»t b ra*w 
of plinto activity, but of the etniosion of a gnu. whim- 
appmnuice in the blood won not hitherto I 
of c"tuidi.Tal4e theoretic intert-et." 



Wc wlnb to cull attcntkoti to ttu- fact thut we are In a 
po*dtluo to render cooDi«Hent service* In every limnrli 
t>f patent t>t tnid^iuark w>»rk <K>r HtatT In maanoseil 
of mt<chanlcn1, etertrlrwl nitit rtinmlcnl exprrta. thor- 
oughly I rallied to prriMTe unit prtieenite ull patent ap 
plkwtbiikf, IrTesjtectJve \4 the complex nature of the 
ttuldect matter liirehed, or of Ihe nt«clit Hard, tecwiilral. 
or aeMiibV Viwwledge required therefor 

We al>o bare nsendntefl (nroiueluiiit the world, who 
aaakst In the uroeerntson of patent and lraitemark ap 
Idkitltoit** ft led Ui all euiuitrlen fr«n-ign lo (be tnltttl 
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Diitcrminations were made of preesarve deveiopisl 
by tin.' difffTi'nt dtiaUt, as rercived and dried at 103 u%x> 
t'l-nl., when they were for«»ed agaiiut tiie cotl btuiti^l to 
1.2UJ riogn^.-*, 1.1011 4b«To(t*. l.OOU daft-roes and 900 ilcg. 
Cent. As no standanl has 1>ccd taken for carbonaceous 
dutte, other than ooal dual. Pituburch vtandard - •■*) 
dust, aliiclt w very eonetaat ui tie pnipertMw, and whi*-h 
i* used as a ttamlard in the Q-ureati of Minea, was taken 
a* a standard and ull drt«nni nations run aguio^t It ami 
<-lm:i:t*d agHiitat oa» b tPt«p«*rulim*. 

T*Mi* aud curvoa indicate that mnet. if not all, the 
grain il«>U are more inflanuiulile than l^ttriburgb Klatnl- 
ard tHMtl duHt. blgh«r pnwKunw being developod in mnet 
easoe, and eapeeudly an at the lower Umpcraturos- Tlie 
nwwlU ab» seem to indicate that the dusta from oaPt 
and yellow imtq are more iuflaminable than tliiuc from 
*1m*i or other grain- 
It is inUroiung to note the difnwence in the inJIam- 
utid undried dusta. In 
developed waa appreriahly irv 

cr«<ased tJut dry ing. 

Kx penmen Ls carried out by tbe Uunwu of Mtu** 1 
huw Mhowti tliiil aii e^i^tKioci ^luhl !»• pmdmetl wlw n 
tlu-e.- na» only 0.UI2 oirnro of coal dual susiM-nded in 
nu b eubie fool of air, or otnu pound in 300 etiluu bi t ttt 
mr. Hioin preliiniiiHry t t|«-rlmenUt IimII.'hU' that many of 
thi- grain dime* hut* ralutivrly elowor ignttino-teinpini- 

!"« ""Zjr'n*™?'*"'^ TJl^ NEW VOttK, SAWWIAV. l>Et"EMBER S. 1*11 

, „ ' i „ . ... , „,.,,- I., U.uil 4 C«i»«.r. l,«wp<n»»o4 

<ir dutt «r (iiu natum mi(i>i Ih' prixiuiMKi «itn * miuifT ,-|,, rW ,n,.„ wint. imidrM; rMmn tommr itorh, 
prulMirtioD jKr cubit! ftn»t tli^a u nrc«-«tju , > fiw Jum s>^n't.ir, : unt. l» u«nn, Tr«»i«i«r 

Tins ruUi>»iac r*uae« h»vt- bwfj «n*i|cit*Hl U* iu*ny "t »H »i 3«l lirt*4wft<r, N.w *«rk 

tho wj>fc,*w in miilllnc in XhU uminiry and BotTOd „ |. Mt oa ,„ of N< » Yortl s Y I( kkodiI Clu llitor 

bbruod : Coi,7rtc t t 1914 br Mono * i'o lot. 

1. L'oe of opm liichu, or naked flamm, nieh «* l»mp«. 

t0fi4i«i. (M t"lK, Inuuriv, cwidlm, nutcbM. e4e. T%» SaL-Btilic Americu PaUkaUaa* 

2. PmjKTly frit- l!dwallc.tBcrlc«lil)«|if>)«iirat<<«>bluib«lirr<)pcTje>r|tm 

3. Iotru*tiirtiiHn of foruicn mnUTiaJ iu fhoxlinc nt*- «fl*ntt«^ Amtncno l««ahli,hnl IMS) , . , . nai> 

i k )llll48 Awrinn llo«nw mmtt ltBrd«oa " Hull 

'L. # . . ■[, Hi* raOkMont RBtvcrtpUon r»l». aad nlaa to forwisn cvunlrk'*. 

«. Klortrn- kiinrlM rn»m taatan. ru»c«, iint-ni-.. mem- ikiujh« »iu u furaiaiurf opo« at.pUoiv.ii 

in* Ijritcmu. Ki nil u> pi.tal or clpr™ n»aoy «r*tt, bant draft «r obfi-t 

5. Btalic elwlrkily jiruduinal b.v frl-tion .<f pullrya Mn|lB 4 f c _ | Bt 34; J BroadwaT, New York 
•rul ln.lta. cnu<lil>c nur.lliiuai, •»>. 

hy Uw liitrndiKHlnn nf fomca rtmUmaJ mUi srindiiiit '*« ! iml*trtanl tlnmmiurwents 0/ rfiaffs 

uwhioM. guinhril tivkn'tliujhlt, lo digett significant arti 

11 mould Mipiiar tliul » |wH<ibl<. nm»rj, uf (in v, nii.>u , i r „ j„ al on/Har in KurvntVH iiubUealiant, atul 

..,,,1,1 U. b. .I..VI*. »>«.■.,. by wbi.h th.. (™ „, lmJr a. T to re*>rr.< thr mo.t aJivntM thought 

mnbtrtal nnt'ht I* mnnvwi bi^ort' it rwlii-d lli^ null. ■ . 

tMhvr ^.venUoc., suggc^Ml are; A «M«pl,b. rU*-tri- ™ atltS thr»uffk*mt the t*orU, 
lighting ayateai. the use of i-TUbl. ebetric lamp* in- 

>u\ui «f linM-riw ur iiiikird lights, the inelo*nng of tlo' Table of f ontt-n(* 

eb-« tnn- -light bulla in strong wire guards or pron«-tor», KJlw . tH .. ^ fI(ll(S1 fltr n.^,.,,- Ht.«rt II liy \t<nu 

ami tlif |Hw>il>le «w *t( vajx-r-pntnf glidme, and th»* uir«.n . , ;;v« 

bH-ntiug uf ull fiiM s awiteliA«, starting box»n, iniMor*. m<i»lc»i wo.»>i» ;t.v» 

k-U\, at (Ktints where no dust is pr«fent. It in al*o wivi^d Mi.hik w.h-j ivr*t. it, itj.|« h iroe-iai*. t» liito- 

ba\e tin ■ rv-iiving bin* fnon Uie grmding nuehitM-s t „ 11 » tl " 1 "' ■■■ - ' ■„ ■• 3fl " 

to Hiiud) iu* pnu-lii'MJ with the operations, u* uirreaeeu th(((fc tir - 

)ti/i- givia iotTviuMil Fpon-e for dust etouda aud tlnr./urf a ut-,'nm .if vrim* , , . . , :ir.r 

opiNirfinity foranvm- vwlwit Mid d.«tnreiive ex|d.Mion. a n. « .,r Ae4ic..H«»- I u s m.r, r at. writ— - 

I Iil<u1nl)«ii :tftK 

'tit* Wlil.-iilrtB IMlicn Zimr :t.*.'J 

PhotO-Actifity Of llie Blood W-tr^e- <-f W..raa..-e iu i^t^u KtKvrvrimr* B, 

Tm»: intrrteUme obv-rvaliou liae U. n mwb that tho , r "'^ ,fc vl '^ «*' 

on o photograph*- platst a few nuUirucirr* dtntalit, tlu- lwv Mm niHimiiuc* , , . ;w:i 

iniag.. of a rtfinHI plneed in frotit of it. "It di'tuond* m n>« k< i.r v. hi. u. >mi viit>ii«i.« ..r I'.mi.i 

furlbt-r luvf r-tlgAtiito," nwyn />»* A o(u/-u'is*rn*cA.i>Jt <i ■ Ul*-ir»iii.i.» flu* 

...ertiu,. u, r b,,b„r w.ii»« ^ ...-t - -c,;;.,\;r" ,,u ^ 

rny« Mum.*! by tbu bl.»«l, or »li. Ili.» It (ivw off li «iw -„,.. i .. ,., M ,rlnr l^j r,.n,«— Saw 

II, '. II" «,tl»rtv, „t i>arnl.1r; MI 

• In. 1WII, "I ...al Uu« a». BnM.II ol Mlayaa. Tin- r.tfi-t Ir <ir.l. I'n.l. M. 

■a ««. |.|...t»... 11,11, ..I la» «b»-l M* 
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flitting Spanish t'.'dar in the Island of Trinidad, showing the high itump th»l i« Mi lUndlng. 
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Still- \>P HKAtV t.l[. >»ATIO.VS 

I .l«-tcn-'l u »crlr* .if stirrer mid heavier run >eelt.'ii-». 
after the .lcneuu-milloii ami ox|crlc-m-c wllh tin' drst 
.VliKli. s» pound l > Ihe New York ■ Vtilnil a. lluii—u 
Itlvcr KallrxuiL of whU.li tlie •! ili-ti, |ia»-|*Biiijil nor-lli*, 
rolled March l-th. I-'C lm.l Im oWrttil. The »%■ 
Inch. m^immjihI 4 Kir,. T). i-f which wvfrnl hnixlr.il tbnu 

Mllul 1-.11S llllVe hlEKV brvtl rolled, WSS OVtT lU 1H.T Cellt 

«tlir.T lllllll Ihl: orlrllull -Much. MHmnl ami ««<■ <.f 
the Utll rmi.le In 1M« llair Jil«l (set, r..|.li.ce,l I.) the 
Ml |.,iiiiil 

1 made nil in) sections wllti hr-uid bikI llihi heads 
JoIii.nI to the wvti wllh H Inch MMs uinl IMm-h radii 

for nil section, under il> I Is -ind 14 Inchc for tins*. 

™ 111. I. were hostler. Til.. HlllUM-st |Hrftlon .il the Web 
iiam iiUiVi' Hit- neutral rubs to farm a hinrer function 
ulili I hn luisc. 

i|i Mirv or mit»i li rn>: «iliis 

When I ln.-reu.-cd the height of Mi- sections i.i aug- 
in.-ol IIi.1i stlflm-** fui smootlier track* ulilrh would 
rh.s-1. the dettcctl.ms and rvdurc the ami of contact 
la-tween the wheels mid mllK slightly. 1 knew- il would 
lie i-ecv«ury t" ii*-rcuse tlio ph>>«*eal protwrtlei of the 
ins-l-vl in the stirrer rnlb. to avoid rapid Hio.r nml dor.tr- 
imiIhu. I Intrisl iiccil, fur Unit reason, tin.- Utw phos- 
phorus IU«J anil u. 'HI to IJlttt carbon ltt-saciueT steel fur 
the lieuvlt-r sections. Ttw Itustoii & Altniii) rails wer* 
rolled hi 1HH mil <if llw luugher nml, mill I dbtnlued 
(.. lit |s-r is-nl ductility In the nietnl under the drop 
l.^-i, ulilib hud l*-cnaic lfK^Ii'Ic for li^llnir rails ulitll 



l«r rant of I hp lull", unr txvm wli li'-nl. "hiiulil with- 

>rf;iiul It wvUhl uf '.1IOI |HHniplM fillHux INI f.M't fclt)ii«J( 

fracturp. aiiil aiiy i>f llw rcmnlulni; lu jmt crril Rave 4 
|nt ppnt plmimitUili 1-vt Inrli hpfure hrpaklliie. Ibp heat 
yi.nlhl ii- anv|«nL I<-h Hun 5 |kt rant uf tile lieiltn 
rilll.-l ll.-l-r llm Sd-fo.lt ilr..|> t.»l Till, lllllll limik' uf 
n*« ikiii.1i> for ihr Nv-w York tVnlral nml HomIuci Ai 
AtlMiuy rulLn-taih from 1?M. nod cuntlnupd until tbu 
)i«. |.|i.«|.linnii .<r.-« wnr psluiintnl la 1>0*. 

•11,.. .1.. nil »n» t.-t.iih awl i,.n»d<.u» aiil luiil «« Iii«p 
u .lnriilKii -mill, tuctor lliat but fpw lirtwkagw. or- 
rurn-il In tile ttere ^r lower umpernturea of wlalpr, ami 
I..rii<-1 Irnlly notie lu the "aatmer. I rolled over raiO.iNXl 
liKm ..f «w-h metnl in tliiL-.-n.il iuiiutn fur .HVfuot rulla 
In im- «n, CO, anil itat-i.iiiiHl sppII.iiih. I ounineuwd in 
IMtl to murk l hi. t.ii rail "A," th» hh-ot.1 -h," and Uie 
thlr.l ur Hut rail of tbe lneol "C." Tbo miliuainrot aer- 
vltv In tlip track fiiniUluil the find opportunity to atodr 
tin- «'i-.ir uf the mil- friii* llie dlfferelit puaitlana of loo 
ii.«.^». nip ),r»i-t!<v of too nw of a Mtci to dmlctmle 
Uie (M«ltl.in hi flu. Iii2.it la forfiiiral firf (lie railroad eoio- 
[ianleii uf the t.nlted Stales fur ralla and buiim. wbpfilM 
ami lire-. 

Thv *'.\" rail-, of litwntrr »t«-l with a Iraee of en- 

Iralurd vln( and ..il.l.-* w.>ji. tlu -«l rauidl) under 

heaTj tralflr. I.ut the lircukairea were n.*t limeh In exeews 
of either if «r "C" ralLi. It na this faet or the »r 
vl<T leolx "f fuul-|«r<i jeuni that enabled me In WU7 to 
cheek the cenernl mlolitl«iu of a VI' to 35 je-r cent lUa 
nird from the luk'ot. lOkproveoirtita lb amkiu« llie aleel 
■ secure the full itlletllll> of the 



'1'lta- Kuiplri- Mull- Kxi>r*--.s w[i« ItLttiilliil IK-totu-r Stilh. 
I v !i|. viilh >lr. .lain.-. ItiiHuiiiiiii h |i». tiui kM^'Ulollve. 
noil iln-u f.Mir <-ar- of luiiiri' Ituiii iluult|<> 11^ U'.-lshl— the 
■iliH-iiior ..f llu- world rur lu-uvj uhrh »|axd Imlna. The 
trnlu t.-duy U three tlDu-K Its former nWKht utul la 
.-.•rapi*M-il of eiiclit to ten 1'ullinatkv t'retKht tralna uf 
tilneii to i.ike liiludre.1 elln. of ahuut 4,otft) lorn are note 
or.liiiur. , n» lti#* iruto nwlnliiiii-i- lx low jh-p lori for Mix 
r n ..Intl.. unit mi. Uf It-lf. 
It U o6vl..iLt tluit iiurli |>roirn-s* In •u.-iiui rnllwny trnr 
lion llila been •'iH'ur.Ht onl) by tbe utilisation of lm|N>r 
Hint |irltR-l|ileo of coli-lnml.iii uf Ibe t-iul|.irteiil.and the 
|M-rtitiuoiit way. yrhli-li la apfiareiii fnuu iJp^rviitlon 
ami ..»|» rl™i-e. There la. of eoume, dltTerpnee of oriln- 



HOf und tlie wa«l«ful Ulaeard in avoided. 

axrM;rrioaa or ttar-ri.ATlorcfl is in»; .-4xw yoaa ta^raAi. 

a iiiibsoa atvn aarxnoAD tba. as. vrom Ins! to 1014. 

The nodutatiuns ati summed up by tlio tnw-k IwlloatiT 
In l-s| ,.„ the Xe„ Turk Cetitrul and Hoaton a . 
i:.lii.«.l» nveraired h feel per utile, tliooih there - 
Mini, ttitlo.. of 12Vj feet, anil others as loir aa A feet on 
ion mil*. The New York tlcntrnl & Hu«lNoti Itlvor Ilnll 
road han u chart kouwIdk the rcductlans of nndolationa 
In Ho- irio k frvm 1S81 to MOI. aa measured l» rn; 
tro.-k Imllnitor. A curie also shows the luc-rcnao lu 
.inunc wh.i l niki Ioo.Im on tbe engines It is Inatruc 
live au.l >liim-s that, as the stlffuoaa of the rails in- 
c-reil~.il llu- nvrrait.- uiidlllliltons of Ihe track itofToaaed 
rr.>ui n f.-.t i«-r mile (..:'; fei-t In 1000, srhUn tha drlv- 
Ine u-hn-1 ii tie l.a.l. liici.-n«»il fr.ira 30,000 to 00,01111 
pounds b.-fore n«7. The undulation-, of the track for 
WH are eslujiutiil to in- race about im f.t-t or leat. per 
mile Th*. redil' fVo- lu undulations of Ibp trnek, b.v 
tin- -Jtirr. r aeetioriM an i^-n.-r eoBlnecrijit: utroeturew, 
tin*.- l,»*-!..-.l rhu trei.eraii>.l wheel effecta and eDablod 
fci-ail.-r w I I • ui.tv nnd trains to be no aa steam rail- 



Fi». 7^\.« York Onlral aid 




tiik ATaauaiAtwaArii. 

Tin- atr.-u>iualo«:ni|Hh Is un lliMtruiutnit of 
wbleti 1 ilesiifncd. n ml owipleteil lis eoliatrnctiou b. 
!>.«". to delenuiiae I he iu.lt IU«-r suulns in tbe rail- 
when ultactuil to the lase betweea the rrimrtU- uww-r 
in* 'Vll.K Inilim. It U ihe fuuetlon of tbe streuaBUAtoaTrstti 
to task., autoicrairsilc records of the lonulluiltital unl: 
tltwr atralns of tbe elBBlk-U) In the ilsflal of the rail 
-H.-cll.jli exelclaed lu tbe luise, du> to the action of each 
Individual moving w»,»l load, mid Its rcactioin olt Ihr 
uViUile »ii|i|h.rl» lu tbe lot I lust und suuttraile The 
stralcn. In tbe bajv are bulaured In the heud by lii.M-e uf 
uu opiajaite chnrai-ler. The xtriilns for a elven unit 
leitfth In tbe »i»ip. uf th„ la-mUuc rail controlled by the 
wheel HtsH-llu: of llw. «.|Ulplucnt reverse above und below 
tbe iiputnil axla of the section for each liaa>«ilig whew 
iu- a rule. conscqDelill) Ihere Is a Berfcw of ttlternatlt« 
unit Dber atrulns lu UfcstK* iri* Mrpawoa *at Dp In thr 

metal of llie >«1 to carry lb* wheel load effecta. Tlie 

unit lllwff *tmlii» or bulauced stresses develoiard in twu 
.lirfen-llt lull aectlons as simple beams of like »ectluM>< 
on rtirld aupports and load are Inienwly t.r.->ponlonal t.i 
ItuHr respective mi«ii'UI>> of llufrtln. aerordlutE to the 
biws i>f mei'liauleH. 

Tile testa on Ml and lUOiMiuud rulls with the streat- 
luatoxrulkh idiow for the entire wheel base of tbe asm* 
locomotive wllh Bin->olh wheels, tlial the aU>vw law uf 
utecliuillcs la eiiuull) true for the sum of all the unli 
fiber or hublliced frtl.-M-n per Individual wbeol, la two 
rail wetliibA of different moments of Inertia, on IV 
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Inn for Hip reasmuj of the reaulta, and tlu> fael« ran I* 
learned only by moaaurl&c tbe strains in thr rolls under 
tbe imaKinK wheel loada. 

Tlie orhtlliBl IUU-iuxiimI wtioii, to meet Ihe pmcresa In 
lraliB|s.rtathiiL. Itas l«n lnerea».sl In a In.". |wlilid r« 
Hon. by the iiddlllon of lltlels of 1 Inch ni.U«> to H" 
the welt and bsio-. and the web tblrkeiipil to live t>l«htli>i 
of mi IlK-h wlthiMlt other cbullinn la dimenskins. Tbts 
sum for tiddlllolinl nttffnc-*. iiu.1 Mretu-tb, mid the roll 
ins «<f t-aslc open hearth ueel from l>e k *j to II, carbon 
tape Klc. »). Tlio new ajilieo hnrs aUo III the original 
luu-raiiUMl and thus join in the tract tbr 1«> and KB. 

rut; »otii. iK*lln taiPHKesron iiktwez^ rttr. tback Ann 

Wlll.rl. I.OAluy or 7IIK PAfl^illlo 1O..-0AI0T IttA AXU CAafl. 
The murine wheal lottds of the locuooltvea aod ears 



Die trackman's surface to tl 
.3eprCMtiL.ll. Hlld Ibe spedDC deljeettocs nnder the wheel 
.-..i.tactH of the rails on the flerllile rroHSttei. are limited 
|.y the strains prodiwwd In the metal of the svctl.*!, 



of the track, unlll a sfeed l» ««eh.,l wltcr* lb* » 
iHKtiou deveki|w wh«ri co".»-t» In u faster ratio than the 
sllffer mil* Tbe trui-k cotthtruetl-.n and roadlsd mist 
he -Jaulllir for botll seetluns of rails luee Kir l'JI. 

Tbe comparatlie li-sts were made no the New Y^rt 
Central A linden Hlier Itiillroud ut l ol.lwnler. X V. 
July, IWI3. u|s>ai :i worn «".i lW inch, su ih-nuil rail rulli-J 
in IKC ami laid In trwi'k No. 3. and a worn iiln.-k. Iu> 
tn^ind ruil mll.il Id IWJo. and Uid In InicV .Vu 4. h !»•• 
side ut truck No. a. The worn HMswiml ralV- W«'l rsr 
rrnl o.*r atSi.ia.iMsm loo*, and tho w,.rn l«HKAn<L 
l^ASMt.tast Ions. The monicut *tS Uicrlia *rt Ihe --oouumi 
rull bad been educed from Inches to aA3* UKbm 

tieeordlug to llw- jirotlle of the head, und were .W-f.ol 
lengths Bf.llcrd with IW-iwh angle ban for a llire^tu- 
supportrd Joint The uiooielit of Inertia of the Hl> 
IHiuiul had been reduced rr.wi 4S.r»* Inches to 4u.iT* 
iui-liea, whlln the rails wore m faet long and spUml 
with :tlVUich bars for a aunlbxr joint to tbe *0--K*s!rJ 
ruU. 

The tuilla-t was irravel under each track, and the 
testa were made aiQtllMt tile direction of tlie I 
the HivisMUMl roll owinc In condltLma liey 
lint with It on tlie 10U pound rolL 

Tlie euiciue was a Mikado; the wbeel buse was S-^-Si 
Hie total w*l|rtjt of the locomotive was 491.301) pounds: 
.m.l the total l«.iith of nrhoel hoawwaa OS fwt 11 Inchrs. 
Im teml»r bad tbe usaal two pairs of four-wheel irocas. 
a tntal of tell wheel contacts upon one raiL The Iolv- 
inotlte wus neurly new ; tbe driTers and wheels were of 
normal rolundlty, whhh rendeled powsiWe s|s»eda fMso 



*l"he t nt u I stresses of euch of eight testa upon the woru 
Inch. HiisKHwl for one rail, und six teats upon the 
worn ]vn-|awirsl rails for u range of .-peeds from <1V» to 
4.1 iwllis- l-r L.esir— 14t» lUffenrnt wheal effects f..r tlie 
m.i Mi-lions (-.impure within 1-0! |s-r cent of helu 
liivcrw-ly pnisirlb>nnl to the moments of Inertia of li* 
worn rails-. Single el]N-rlaeUts UIk.ii each set-lie* ef 
mil f..r tbe siinw- s|-eeil are within lews than 1 nor rent 
of tin' theo-rctlc.il ciiuj pari sun. This is pr.Mif that th- 
uietul in tbe SOisMaoil section after Its twenty one year, 
of service, owing In its (luuilly. haa nut deteriorated in 
elastic prwpcrlieii In Hie sllttlileot de«ree, 

The- H-ts Involve ulmi areithcr Us of thr worhig 
hsi.mx.tlvp, ascertained t.y the stremmotograph, nsmcl. 
the moving locomotive na a machine on good track, .11* 
trlhuli-s it. total load through Its center of gravity !■• to- 
several but iodlvldual wlsrel Contacts on the mil 41c 
111 shows the .i.lil|sirilllve illAgrains of the average total 
strew*-.?, for the eight tr-ats on the M> ponral. and slv 
ic*U .in tbe lOtl-niuud rail. Tbe mean of the tctsl 



Tourle., ..rUTllmtnl I I.. Irk K„ irr. 



rally to llie Irokmnns snrfsn- iifli-r the i 
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lb* comparative value of the two 
wocllow m toeUwrlmc fliimuro, for the criwatlew, tad- 
'• "kbgrade receive grimier internally nf preaaruree, 
mid max fur nisi mm support for the e» pound than b> 
retired f«, u,, joUfH.u^ » Ufc , miMdty >ud ME 
ointy of Ui» truck or Mn^nj „„„ u lnai y^,, of 
"" - ""Mnmnd, unil therefore (I id> sore labor la main 
tviuucc. fur Id i be mnioc „f engineering llic roudbed 
K >4reni;lb..|ied by iv rj.bjej, ior>pu«,,„l n,IL The ruJI 
Meclum im II, dcjrtble ciinwlle su|>|«.rtn vrlili 114 several 
(liMrtholeil w|*e) bmdn. bJ . ^ ^j^Iuhjo,,,, Ilpuol ln 
it"' inn-k .nf tli„ »Jrt!i»iiuiluitBi.li. fellown Hie tn»« i>f 
mis-linnlcs f„ r u jangle uVllerl hm, w w, |tj, ndrunUigc U C 
Hi.- inquired r.m«tntti>t inir wheel, una II l» one reason 
why. iinsHuulcally, l bat ll lni, |aM |i,| v tu ■».-,,«• 

inrugrcSM III Mrtiu, clingy traction, 
principle „t xnlsilvldisl mill dlstrlbutis! I 
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Fig. 10. — (omparinin of lelal "tresses an worn 5}»- 
ineh. 80 -pound and worn fi-lnch, luv-poond rain undrr 
the Mino lor*n.n«lv». New York Central and Hadmn 
X Mr. 1»1J. 



turn by the 4 <V2 + 4-4 ctaan. There art o number „T 
rullwiiyn wlih mnantalii gradient* nwl rails of 'HHwutieJ 
uc lens per yard wtHiro Ibn chins ef lucoUMillnsi of 
4 V J -|- 4 4 I" used lo ailrantugc. r-'or freight service <»t* 
slower st~oil» mill larger train fnaib, the Mln.wion of 
l'-s -2 f 4 I on. In genera) use. an.) a clu*s nf 2 1" 2 -t- 
l l nro employe,! wli.i, a larger tractive eflort In ro- 
■litlml. Tin- l-oillnj: ninl constraint of the mils In ll»«i 
•spiHtlirluiu .l.i.r. s-1.^. W....1.I he -Illl boiler Willi o i'Iuhh 
Mil tf 4- I I wIb.-I |u<i. mnl .irlrrn. ulnwt M lm-»i«. M 



n\*i« OI'KK iiuctii •.mib- 
Tlif |.n«r..» In lnii.-.|..ruil.*i durliw toe l«»t f.-w 
>*Hir^ l»a a rt'iulnil llii. Ti-|.l;u^.|ii^iit «<t H^wiii'-r rnlln or 
ll in Hi.^|.li..rnii ni.il VM carlion. I.y ImnU; or«n iMrth 
<i»i m„„,.i>,.„ w „„.i air; to t>.K carbon. r..r 
|.«i|.,u.™l nilln «.r wr, In »^ur«. u ilnmlh.o rtrnln 
r*..|.n* uf tin. Qll ^ii| nlili*h u'.MiUl onrry ttin nleh »rw*M] 
Inilim In luniivnilun* ..f :io .l.trn->'< Ih-Iw Mfu wllhi.ot 
fr.iciiir.. i.f i|„. r „n. a» rr.«|. 11/ f«-urrpi1 In fkn- 

w tll^r rlrvl. 

•l lii.. ur.il fibrr»tn«o»>'>r l*.i«»lo3n,000|H«uiid« oodcr 
n ilrivit of ;nj ni Hf.ii |K-r Imiir w.mM hA apfill«0 frvm 
»■". <>. Mm. rmi ,ini...:iil m ninnit lull of a second, and 
nl »m ioIU-n opc iniur ll wouhl Imi u.»C of u wHNmd from 

> i»nr.iini.|» i.y (In. ~lranainl»Kni|ih. TIiIm In < lu lck 

llui.. f.ir ihi. in.pilmllini mid illatrliiullini of jmrh largi- 
•mil IIImt Hirudin which art. IniliiiMmt liy tllo Ibiiltod 
'"»"•< «-t ii|i In Ihc rods I. Tbn tMidP open hrurtli 
nill>. In, m Hi,. i.*|«rl<-ij«... wlih lln-m In ini- trark, nrovc 
<" h"Vc i, nnnl. r dumtlon xlralii fartnr In I 

Hum l| , vua ,„„ii,i nrenre In nil of Hie 0.10 

*ri-ft rniiy u t mc N.w tfniiiorntiirf^- The mlln nm inndn 
HlMh r ||„, »|„.||1<t.iI..ii» f..r tlir York (Antral Lines 

*'l. "lent i,ii, ninl dn.'iiMlv ii^iin f<ir tmnlc oiwn b<nrlli ?«li*l 
riilm whl.-i, wen- InirinlniHHl In Him, lo noenn' Hum of 
!!>•' niaxluuim dacllllt>. 1 urlly. U m| liomoKi'tKlty of tlw. 
Mli-t-l. *lni. I.. \ts c-1m-iii1.'iiI nnniHwIliim for norvk*. In t«n 

l**.niiiirtM lo ilfCifi-M Iw-i.rti- nf.ro K. 
'i'lvo drop tciu are 



h<.il, llu. „f „ ),„„|,. r ,„,.,, f<jr jdi^i,,,, atri | 

••»|M.|iiti,l Inn-tin. «<r,on |„ bo dUIilliultnl Uir.miiU nrv- 
<t>i| wli« l iv.nlnrtn f„r l.wulwollvos. mid cdodrlc inulnrH, 
thill) wan f..nnfrlj l»«,lbk. llirvnitb a ntuile |»lr of 
■Irlroix or It*. 1411 cIiikk „f loconMilNes. Tbe wbtrln of 
Ihv onsiiK ull ,| i™,fc. r Ih _. im.in,!,,! f „ r , ulal 

sln-mou of I In- gleam Umnniillve, llierefon- lire unnk-r 
riiimliui t-mr wiml be Irxln.l,^ f,, r it,,, wli^I eft>;l, f,„ 
i^K-h I'lii^i of locuiii.il Ivioi Tlic 4-10 
fi'llowliu; diwiiaintl.tii : 4 | n 44-1, 

tiiclH ..1, one mil. Thl» cluM k,., ^unnwdwl by 

Ih,. I is+41 for lieuvy 



Hie crop of tli*> top bar of < 

full l»(ot- Tbe crop, 4 lo 6 fort Innc, Is Matnpod . 
a Kimclnv n*r of »li 1 Irxli «pac™ In the center of Ita 
leiattbi on (be taw, bead or tide, a* desired* 

K*vb bnu for bunle "pen' be»rtli ralla for aoropiancc 
or tbe rnell, muni mIiow under ibn droll of lk ttat for 
the W) ami 'jn-iuHmd rretlolix. mill 20 f«H for the l<>tl- 
innilicl nrctwiu. at leant n |n-i cent eloniSnllun ror one 
Inch, of 5 in*r cent fur ta-n conawutlve U)ritw before 
Irailoty. 'Ilia elnnicalliM ot inch of Ibn »lx e|iueod 
lin-la» l» meunural h> n flexlLle lule. divided Inlo hon 
drmlthn of 1111 Inch, llii.rvfitrt the tucreAMMl uiwi-hnn- 
drcdlhn after Hie drop Lire the i^-renuliive of cloneiiUon 
l»r liiub of Uie metM, The doctllliy i« Knni'Melj 
exnniiKleil In oue l»'nt fur eoeu nielul. *tul U nunln In 
■^ilalluo frnm Hie dlSerent linjinn In nuelyeillna luelln. 
The inciter hn> the ductility nf Uie I»hI unit ln.Mre he 
aiintaer fr.iun ttie Mime furo*ei.. ntilili [mo enuliknl 
i» ireillcr Ullltonnily ot Hie »<«4 lo I* <4i4alu«d than 
w«m ijusnllile liefore the lotn. The nine-iaenlUilw f,n? the 
ilurtlllly (cmI* have been ndofileil l>) Ihe Amerkan lUill 
«uy KimUiei-rinr A»» rial hw for iw by Ihe railnaidn In 
the Culled Sun*. 

TUB U' II tax MnWUa. 

The wheel iiKmlnb* of a trend eonnlructed of uDlform 
rndloH reviWvlnn upon 11* axln of le^eir rolling and n-tlh 
leas axln frlctloti than would I* Iirodooid by alhUni on 
ll* au|>poft, and In the Di.elunkal embodinH-nt of n 
|.rlnrl]>bi fur tranaporlatlou au ancient that Hi orldn In 
mikiiown. The wheels ami driven are the only eofiluctn 
011 (h* ralla to support and carry the oqulpoaeltl. and It 
in reqalalte that tan material of ihrtr treudn nhonld be 
h.MiHSeiiesKih uud able to maintain their rotaudily fur a 
coiulderoblo icneth of nerrlee. 

A 3<41neh wheel luakna WO 2 rerolatkuw per mile and 
tor a atallc toad of Ave loom ihe refmtltloiia a lion Ihe 
metal of the tread are equlralunt ta looa pw mlln. 
To run from Xew York Ui Chlcaio, Uu • Milled italic 
tmu per mile equal 2,7114,104 mllevtooa per wheel for the 
I rip, exclunlve of generated wnaci effects. 
The New lor* Centra! 1.1 nea ara string tpeclal alien 
by 

of aectloM ot 1 
to aoenre a metal ln Hie wheel trnadn which will auln- 
taln their n'liimllty under the lure» mite lorn) of ser- 
vice and Ihe action of Hie brnkenhoee to control th» 
Irnltr* 



th.wloliliii; tniitorn on nlmllur prlncliiW to llw Hint 
•bti-rmlninl Ihe ovolutiuii of the nlenlii lncipmntKe. 

IUC24IHTANt K Or STSEL killJl *W FUO_TBlC <0?l WL-TOIOI. 

'l lic T^l">und Contact rnlH for Ihe (Jrnnd Central Trr 



<Ii.it.- lo He. pMm.ni Urn... "t II 
|mo11 Inn: 

I fl'imi .'1, 10 

Maiiauv,!. .IH" 

«lll.-.n o.i'. ..r 

I'tiirMnbrteM nil 1o KimO .ll.lo .lli.l *.* mUi* InM an piHOhte. 
Sol|-liur n.tt <u - . . . .'I nn ninl 1, ii.urti h« nn pnulMe. 

The 1 gam*.. wn» Jn»l <mmrienl <■> roll ll, L . 4 ei-l 

which ,ja,e a n-4>tance i.f K In NV, llmex Ihnl of cop- 
1»T. The realntaiMW In >mine of the roont ltemwmer 
7'>-iioiiiid cocjtacl ralln W frnni nine to ten tluuo, tiiat of 
ei'liier. Hfiiigh Ihir hlirSi-r llfnirc in from Ihe ap|ier part 
ol tin. Inn.*, and lUilil.tl.-n wan rolled cohL Til* rerfnt- 
.K'O of 11 H>poiuid New Vork tVntn.1 A llmU„„ Klrer 

ItnllriKd nlaiuhril <«*ll< t 11 Mllnnry .'oi>i I k«I|I..ii 

for the rnll wan l--.*» 1 1 men Unit of cnpin.r; of flic HW- 
l«<ni>il IteHnemer, 11 to Itf Hiwwi while Hie XxVlmlnid 
-eetnin In Panic .ten h,wrlli u only nl» D | 104 

»c*. 

ItnnlC open- hea rill TH-In.uml eonln.-t rnlln can now lie 
olilalnod of about 0 III imrhon. I.nt with pbon|iiWiM and 
-ulphur each under 0,04. in which ibe renlnlancc la gnar- 
anleml to he not over - veil timet that of < 
needn cinaruulinn for Ihe «.•.•! „f Ibn entire liiirot 

The nirtip ln.11 nil with lu tl by d lneb wooden 
nlrlneer f..r Ihe girder of the Mohawk ft Tlndwo Itnll 
road of is:u, anil Hut » lack itleel aeclluu of ure 



1 of the pr.«ro» of ralla., tmiw 
I hj Uin rail aeetlon. 

The Type-Keadfag Optopbocc 
By & E. Fonnlar d'Albe 

Ami Inalrninent ikndgned for tranalatlnf optlcul into 
aciunlle elliTla, or llfht luto aoojid, and than to aouw 
extent BUbHtliiiting tlw. cur fur lb* eye, may Iw uppro- 
prlnlely t.irme.1 an "oinl-lihoue." Thn Inlenoinllule link 
U either lieut or electric enrreiit, and lu rlew of the 
fact that 11 ciiirenl of a few thounandtha of a micro 
umtiero l» niiilll.le lu Ihe In'al modem telephonm (if 
Interialtteiil 1 , ulie would uaturully use an eleetfkwl 
rather limn u Hai imal Unk. Thin In done lu Hw. vnrloiui 
forme of ' uploiiUooe' - llerlned by Hie author altine Ihe 
<h»lcul fiinveiillina of 1U12. 

I he Intent of thenn, deKrllwil before Ih* Itoyal Ko- 
cU.|> on Muy 2Stb, and shown nl the conn rKixlirtie of 
Ihe noctcly on Jane 10th. la dcdeneil with the nlijoct of 

• I.llm! Mind |«*n« to "read'' ordlnury le1lerpn*« 

l>y menu* or the cur. The acfnaaiiuhyllii; niutJrMH.m nf 
tlw opllail urningemiuit In ret.rodotvd frcim th> 
-Society |«iper by perlubodoa of the council. 

An <HHIcnl «y-tem (brown fan linote of n 
Nomel nlament U|nw tbe prluleil |m|ier. laid face down- 
ward on 11 aullaldy lavforiitod ilcnk. Tula Image la 
lirok«-n up Inlo a ncrtca of ac»eii or eteht lamlooile. 
diris. dasblug with different mimical rrcunooeieJi, by 

Ihe Nernnt ffliimotft. Knue Ught nennlllTe preparall..n. 
peef.-ruhly of aeknlm.. In placed clone to rtejype ho 




Tbe Klneliilcn and practlco eltnilitaletl by Hi* ntllT rail 
nectMin for nlewm mllwny iFracllcu npply enuully to 
, l.clrlc Inicll.oi. Tim hitler lias 11,,. »,l,.aiiuge for city 
IrnlBc. fin- Imln-diled Kinder railn on rlit 
w ebted John* <in. In' ii"»1 to carry inlluorw of totin of 
Iral&r befnri. tin. truck ri<|iilres udjaalment or renewal 
nf rhe ralla. 

electric Inictloli ban reiiila.ml inmslble the lnnrc 
undergreuiul icraaliuiN like tbe New York Ocntnil 4 
lludaon Itlver. Ihe rcnnnylvui.lu. and Ihe llndnon A 
Manhattan rnllronda, and tbe nohwnyn In New York 
city. The leil mid twelve-car multiple anlt Iralnn with 
two lo Ove nilimtcn huailwny, nnd nil Ihe appllunCro for 
wifcty of tnnlrol In their nioveuicntn, are iiH«lela of 
electric traction. 

The trolleya In tbe clIM and oocnilry rondn am umi- 
ully colUrocted wilh light T ralla. which could he re- 
place*! w-ilb iidvnntugc by nlllfcr oeclloti. 



Type-reMfiag optopkoaa. 

IV, Nenot l»i»p: a. rotatlac Oren ,11-k ; f, i»rtralt lean, 
tUuwInn Imiee "f line nt Inhmilttetit .10 Hie erljiwJ 

" at U ; Kw. , ■ 



_ Imntte la onda to fit the kttwl nf tyi»? to 
I., read, and n awndllve IclqilioM In put In werlew with 
1 nnd n buttery with one of s. f>- llrowua 



of hut llii. 



It baa been fimnd inamible lo obtain an "audible - 
sound from ly;n.. of the ordinary newaintiier «Uc. Tbe 
ntralebt black atcm of n lettor producen dienoe, nn.| B 
curved letter, mich an H. producen lu lla lauawige a set 
of gradually changing noten whlrti are cbiirnilcrlstle 
«>f Uin letter, nnd cannot be mlnlakeji even afl«>c unly u 
few mlfiutcn' iinictlce. To leurn the entire uliduiln't lu 
thin way should 1m a matter of a few weeks or nnvitha, 

greatly fnim one |n.cx»i to annilver, as only a "inimical^ 
enr <wo rvinllly detect Hie omUidon of certain nsjlm 
frotn a glv<*n cln>rd. tiUen an ndisinuto nlineineiit jima 
lliH-elinugltig laaTlililih-ni, there Is no reason why. with 
sutrvicni i.incllre. enr-readliig should tx.t he ultmwt nn 
nit.id us ordlnurj rending 01 night. 

The elir.l,^ u r ivp- in, „f unlimited T|, w „ ^ 

no nrliltnii'y cleniejil In Hie <]Wc/ir.l;i.ill.«ii of the s»nnilia 
nsiulrisl to reiirouiir ihe vnrloua tetters, as isich i.vims 
will aulomnllcally pruducn Ha own chnrnclorlatlc noundx. 
With eonnhlprahfe In-ucUec. a btlml |«-rK..|i, Hut, Lralresl 
lo allocale certain nolex lo Certain |aadllnna, ijnakl In- 
ul.le lo conslruet "llintlnctirrlj' 11 rUnal lor laetlhil 
Inmie ,.f any new or unfamiliar letterpress 1,,,. ,1 ,„„ 
llmt * 



of tbe W»r on Bmplorneat in Rerraany 

Ar...al>ix.| to fam* res-cntly publialirsi In (Icniuny 
iilnnit 21 pur *a?nl id tin. workmen Uiat muinlry are* 
out .i empli'.vmiGl. Thin estimate it haMsl on re|a.rta 
mad., hy a number of InW union*, and rnprtweuta ihx. 
average. In «.ir>« Inulea na much na «2 iier cent of Ibe 
men are uuempkiTed- The r*|a*-t* of thirty-four unKant, 
wilh a nicmbiTahip i»* ov.t a million and a ball*, from 
which only 1 .aijW.IIWI repine were n reived to inauirtea 
acnl oul, 2f».4-'rfl wore unemployes). and 2,254 olbim 
wcee wamlering als.ut the country melting work- In 
the w.KxI-worker* anaoeiatinn 2| pre cent nf lis meanlwrii 
wen. 1 wit of work, neeonlinaj to a eenana Uken late in 
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lagging. Mm in (he cedar forests of the Island of 



Spanish Cedar 

Score** of Supply of this Substitute for Mahogany 

NrAMttn cedar <£Y*trela odonrru) In on* of the stand 
ard wood* Imported from tropical Americu. TIhtt are 
a x<mnI many use* f<ir which It Is preferred (<• ntij other 
material, and It U o tery mtMactury suhwtltute fur 
mahogany Ln many case* where figure la iux nit Impor- 
tant nbjeti. It U eminently desirable that Us supply 
»Iii«iM lie rev it In r and ndeojinte to the demand, bnt for 
a king thin' now thi>re tin* been a nh..rtAgc of stuck lu 
SiniiiIhIi cedar for making elgar boxes. Ms chief uw In 



this tx>uutry. The market la often practically bare of 
reserve stock, and I be price* have advanced to aoch an 
extent that i v M«4«iidncri» hnvo been ebUgatf to aaek other 
material* ah HiittutltutPH. The principal wood* now used 
In ptai-e of £puul*h cellar for cigar boxes are the ye! 
low poplar i lArnxtemSnm tuiipifera) and Went African 
eednr of ohuine < JJonrd/Mi ktniniamn. 

Thin iNitultilon 1m due chiefly to a scarcity of supply 
and the growing demand for the wood In tbn cignr-hox 
Industry, ttoth of these causes are operating toprthsa* 
In palling up the prices of this wood The cntar terri- 
tory Is naturally becoming restricted nnd It l« yearly 



Binre dlnVtili to gH iMtt the l«a>. Tlw-re »»n a Hstr 
nln'ik Ciilui. und ci>ni|urathrl) Hitall arm* la tor 
MssnssSasssn Mexico, turned iwit Immense <jiniuillas* >>t 
rediir. In t'ubu It wus tbw leading wood, being htaM 
only by nmhogau). Hut mm- n ■ vast bulk of the iw- 
lutv w.. - hare been cut away frmu all the m>nknt» 
where It was reaitlly ncei>**Jhlt>, Icnvliig the less acres 
•Jhlc nreus In Mexico, Central America. Trinidad, and 
t'otiwbln to furnish tbe bulk of the supply. Cedar 
bat heeti drawn In large <|UuiilfEfe« fnnn «»williea»tt*ni 
Mexlci*. where then* Ih a belt from twenty -fire to <** 
hundred miles wide; hut (he opcratliwis op to ibis tlmr 




Spanish redar toga on the quay al Poet-«f*Spain, Trinidad, ready for shipment. 
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hnve mulled In cloarln* away tbe more accemllile nor 
™ 'to* »»W'lf. l'«*<iiut tho remainder almwt oat of 
» few Plnw. lysine railroad* 
, ™* I"" •'•« f"r '»«■ mo»i pott <H.axl«ice 1. 
Pluced u,». n the .,,«„„. Uh,,, „ re „ lrMlH) uu . 

I r """ ■"■« '"™«Sh .bo rainy mm. wt,en the 
Kucr ■"*** *• 10 readlne** with nl» npnly <,f loo In 
or.u-r H km tnem ,„ ^ ptaw Bto( „ re ^drf 



on ilnmrn for »lilpment to (be forolra markm*. 

Th» quearJoa of nioeh Inlereot to Ihe denier* ami nM1 . 
ranM-ra In a* to whether 111* IircoelK »n|>r>l.v Mid prky. 
ton he maintained. It I* iMwolbu. that new territory 

limy l.< ■^h'ImhI op In tbr Inlei ur porl -' ! V.xl... 

which Would brine on Increased *u|i|>ly utilll tne eoo- 
cceilon U exhausted. In view of the Increnaed coot of 
lowing unilrr audi I'lmnnitaacn there would be do 



ptaaMBfy Of lower price* l**n Ihoee "■»• prevail. 
Kpn«l»o eedor ran tun be oornereil. ami there U ■ great 
dCBl uf it mill lefl. hut It" bullion owl the hluli owl of 
Bctlliur ll nut ami trnnaDortnllni in oaarkct prerlode May 
treat ciil.rseioenl In the ■nipl'ty «r lowering Hie price. 
Tli* variola, naaar* of ihl* whjeci »re iihuileal with 
thowi 11 bleb hove gorerocd ihe aaiuriy owl Prim of true 
mnhogaay In Ihe m«rhrt» of the world. 



Comfort for Workers in Washington's Government Buildings 

Necessity for Modern Sanitary Conditions Now Being Recognized 



Mant or Ihe cmployeea of the Government In WatMnn- 

"" '•' mi •., , fc ,|„ V „r,, T ,1*, in dingy 

"W building*, wulkinir up »nil ilown the Ktcep *t*irw*y, 
8 ho eniTauw* would roach their office*. Typo- 
writinir. book keeping and perfunnmg .,f eleriral work ha* 
Jwn i>*rform«l In iH-w mIUi,,!. dark oftVw wilh hard- 
n*ck ehaini or .tool* to nit on. 

roiMidrrinc the faithfulti. w and .kill of tluoo men and 
women, and their dnv.iliun in duty . ihe Government baa 
boon "everejy erilieiaed in ]mnt yean for keeping tlieao 
worker. In »ueh uncomfortable ami trabralthful nIBrc*. 
At l«*.t. however, aoroe of the Senator* and Concmuimon 
have, begun to five mom though! to these tlunitand* of 
toiler* in the eapital. Aa a remit in th* Department of 
Ajrricultuni tin. majority of the army of bu*y worker* 
for the Intercut of farmer* now have ofllcM in modern 
building* of atlraclivn doeign with roomy, nil lighted 
apart menu, ample toilet facilities, aim) ho*>k* for flothiiig, 
whilft «<li>> ntoni do »w*y witli tlie effort «f rlimtiin(r up 
and rlowii Mift^rn, 

Another Imildiiic Unit Iim bnro aa rycaore of i>ur 
o»|h1»I ww the Bureau nf Kntrm>inc and Printinc, 
vh<vrp milch of oar ■*urmm , y in madtt. Porynani. TurLm 
have rMM'n crowded to»r»'thrr in Itoi, dirty ruoniii, tht* fluura 
KTcasy and Htuir^Ml with oil aod 'UtU^nd with Arrapx of 
pap**r, Thv law »Nmt|tw«lUtt th«m to rrmain within tho 
building tlif enUri* day for fear M>nu< pmnlnyw mlicht 
■teal tbn valuable v»p**r on which the hank hill* am 
printed. OoilMfOnttFi »H thn workrnt had U> hrinte 
their noon lunrliCM villi them, and eat within the Bureau, 
flndinff a plAen where ihoy ewild ait, «i-eh ax an empty 
box. a stool or perhaps the atniru-nys leadinir to Urn 
rooms 

Ut»l« Ham has at last (riven thought to these caro- 
Kim money makers and has provide! a huihliniT for thus 
bureau thnt U ime of th* most at tract Ive in W"a*hiojr- 



By Day Allen Wiley 

t<in , and is really a factory home hi the many provisions) 
made for the comfort if ifcOM who labor within Itt aalls, 
Thu new struetitre conniuls of a main huildins; of und- 
stoixj and tbn nides and endn or thn wimni ant devoted 
alrrioat entirely to windows, with the «!**« »4 in metal 
sash«w. It has been estimated that ^2.000 larve pane* 
of trios* are required for th* windows of th* binl*liniP» 

The total floor area of the buUdlmr is 47fi\7fK> square 
feet, and tho cubical contents arc alK-ut 7,000,000 squar* 
font. Jn planniiur this new factory *Rpe*ial attention 
has been paid to tli* health ami wefl.brins; of th* em- 
ploy**«, 

A man who is well fed is In better condition to render 
good ftervloe than he who is in need of proper nourish* 
meat- ileme* the uwtallation of a eo-op*rative lunch 
room Id tli* new IvuildinR. It is thn duty of th* phytoctan 
in ehartro to supervise the naiutary t-tindltions nf the 
ostablialiui- lit. Ki.'*h day be iiu-iHtii> the entire build- 
ixur. enforeini: the utnuwl eleanlinens, insurinif every 
employ-** th*> noecssar>' amount of ventilation in thn 
room in which h* works, ■tudyintr UfChtinc condtUotw 
and relivvimr'flyn strain, Tn addition he is always prev- 
ent to administer first aid to any in coae of accident 
or relief In leaser ailment*. In the now build inc pamph- 
U-U will be imued relntinc to the special illnf^*4i likely 
to be met with in this (fort of work. 

It has been planned that the cm ploying shall opi>rat« 
the lunch rooms tbetmelve*. Th* Oovernunent has 
ftznikthod alt neeeasary equipment with the exception 
of dishes, silverware, lluen and such acoeaaurics, which 
will be provided by the employee*. An asaociation of 
the workers has been formed for the purpose, women 
rmpJoj"-w ■ubanri bine SOccnta each and tho man f 1 each. 
In this manner a fund of 13,1)00 has boon raised. It i* 
pin lined to refund tlve subscription as soon aa the ftjianewi 
wilt permit. Tho lunch rooms are not to h* operated 



an moncy-makinir prr.pneif.onM. and the food will be sold 
at the lowest possible future. 

Another ad van tat*,- «d* the new bureau is that all of 
tli* mochanbm u operated by electric motors cxenpt 
the preliininary w«trk- 

The methods of turninc the ghssHl *<t linen pjipur Into 
bill*, have b*M ereatly improved in the new plant. Fn*vt 
th* sheets are dampened m that they will take a rood 
impreasion from the printing prewf. Then they ar*< ptae«d 
Upim preasea where W>tterhiK and oti»T characters are 
plftfH-d only upon th* iiaek. From these presses th* "IveM* 
are takon to steam driers, where they are dried to set tho 
iwintinjr ink. But before anything further is done, tho 
snootM iiitini atrain be moistomd. after which they ro 
to tho oWtrle priii tinr preaw^ and Ih* front surface* 
am lettered and stamped. After a further drying *n the 
steam wdlicsts th**y an put UImwi the TTkachmea which 
jrloee tho number of each note lu the proper poaition 

U|Mrtl It. 

Thn porrly finisJind miMtey Is now ready for the 
count«in». The** are all wonwai. and the rapidity with 
which they work is really wonderful, as th* visil^r sees 
(hem pick Inc up sheet after sheet so rapidly that he can 
hardly distincuikhoiMshm'tfromani'thiT. The eounUnc 
is don« to make sure that none of the money sheets 
ha.e been lost or ibitruycd In any way; and after It la 
completed the currency in th* form of sheets, each ooo- 
talninc f*om f«Hir to «>l K ht note*, is ready to bo carried 
in the Wc wacon to tlte Treasury. 

At tho Treasury there is very lltUe wiwk to bt don* 
by maohim-ry t-swpt to put imi each note what i* ealle*! 
the seal. This is really a most artistic and beautiful 
piece of work, and is one of th»> mo-t difficult deetorn* to 
counterfeit Th* s*alintr preascs are .rjM-rattfd by asoe- 
trical rnachinery*. and finish all of th* eurrenoy lawood 
thmiurh the mtional banks of the United state*. 




Half a mitt ion dollars in oc« notes. 




i 
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Nanbrriait wjlh eolored ink* on elerlrk- pro**. 




Monty in ihe vault ready for ahipnuat to banks. 



Charred bank billa .cm for redemption. 



Separatist charred bank bill*. 
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When the soaling b finished and tho ineelianhtal 
kune* cut Ui* tho*!* lnM> th* ordinary bank-note*, 
machinery K» done iu work; hut in thin building the 
nuiwy is counted ami reotrauted M that there nut bu 
tin jHWMtlHltty of a mistake. 

(Jn ihf anno ad Ooor is a vault fur th* safe keeping of 
liujHT money alter it has been completed and numliered. 
nil »aull k* the tui#t wt'ur* of any a|Mirtnie*ji ml the 
building. Tlu» interior u about .V) by 20 foot and tho 
veiling 1.1 feet in bright, with the walla oonstruetod of 
reinforced concrete Between the reinforood eonm'te 
portion of tbo wall* ami tho outer cuiting w. a mo*h of 
liuHlitl wires. Should any of those bu touched by an 
intrudtT, an alarm is aupjmalfctdly sounded in tbe uffnw 
of th* captain of the wavh ami al*o in tin- Treasury 
buildinic many bwH-k* duUnt 

An elaborate sy.Uim of aiguals is umploved iu tbe 



budding. There is a watehnuui'* time detection system, 
w(lh station* for reporting in oarh section of the faHory, 
and in addition to n e»mp1ote telephone *yttlem. thorn 
it another method fur e^Uiug the variouH division 
superintendents to tbo officii of tho director. Another 
mno.atfoti is tho division tviHwting sywtem By m»«nn 
of rod, whit* ami grwm UghU the pointer, dent uf 
wh division will rvjM-rt b» tho eantain the watch 
at tli* ciocing hour whether hit- Motion i* "Vtear**; that 
i>4 ( if Hvory *hevl of stamps or money and every printing 
plalo ban bivn aeeounbHl fur at Iho conclusion of the 
day's work, and has lawn choked and sent into ime of 
th* viuilu. the superintendent «iU operate a swibh 
which wilt light tho wblto tmjh in the ofhV»of tli* captain 
of lb* wateh. In cu.- ftcimr thinK i* hil-miu: tho n .I bulb 
will show a light, and tbix wUl order the division laid 
until tli* niUflinc arUr4o is *e™uuted for. 



In <tase of lire, on breaking tlo- gU*s in any wno of a 
soore of -tatiimt. an automatic device roleaaus tho \n> - 
sure of a chernieal engine, and a pipe synt. ni extending 
throughout tho entire building litiim«diatoly All") with 
a chemically eharged lumid Hiieh a* is used in hand tw- 
tiiUjuwHom. At twelve point* on oauh flour a 7.>4oot 
hmw u attached to the eliraikad sysU.in and a valv* 
at Ibe ond of o«*-)i |H|mp ooniwvtion rmfulau* Uio flow 
uf Um< obfiinicaJ. 

Tbo workew «hT the Bureau uf Knicravinc and l*rint- 
iuir have conn' to Ih- knoati hn tli« wotIiI'h m>»«U<l wurkiux 
f«we- Tli^-.v niAniifa- turv onoimh papor mopwy ««r-h 
day Ui rurpi't ftvo atom, and the same fomi turns out 
rm>U(!H i»*itaip' »taniu? to stick on etory inch uf a »ix 
a*Tu mirfa*^'. Klonvn a*-n» niu^it Im- i»»v»r*d with the 
n vciiuct ».tiuu|M4 \hvy turn <mt oacb day. Of tna 4,iHH* 



How to Determine Type of Motor* 

DeU-rmininK by the Leads Whether a Direct-Current Motor is Shunt, .Series or Cnm(>ound Wound 

By F. A. AiiiiL-tt 



WlMT kwl i-f H 



wilh?" b « Auiuinii « nintlllina <u in Kiir 1, vhim twit l«ul« c-uimi 



In (he milium- and LuKv-nixo inwhint* (2 ham>-pu»'<ir 
aih! i» |»> thU «-*n tiMtuilly U< di'1««miniHl ti> iti*iH.t.'t>un uf 
lh«' ArniAUin- and A**ld lt*jkd». 

Kir»t, Mi if l»th tlwi afniulun-' lf«d» U> Ml 1-xUYlud 
how nun; Itiulu nmiv fmrii Uil' Mil •••>il«, 

«••, il tlHTI! 



fnjiu the irnintun- and l*i> friim Ibc IWd <»iil« allii li 
timniH'l Uj Tttur • Alcrnul liTiaimilx. H thin nwrhinn in 
nriN wiMini], tin' arnututv ami fli'ld Imdi. will hiitli bo 
the sanui ii&ft, and fif Inrru ' I ill MHlIm BbOMSMMi 
i"-jMi'ia]|y in Ktnall injudilni-w, imp Iniil iif tin rn-ld in nitt- 
niy-tinl In iinr, k«il uf the araiuturv iind mily twii li-nnitmU 
•if limuxlit nut <A tin rauliw, an in Tig. X This Ani 
ma uIut ttu< MMtdtllisiui, hwievvr. 

If thi' uuH'him* is Jiunt wuiind. otily tin* armalun- V-mI* 
will Imi ul Uixgi' i nm»-K..'tiim. alulc Uiixhi nl tho IU-IiI will 




lijW)) 



Ih- xinidl. a* indioaU-d in Kik :( Also, thai odd tormtuitl* 
(lug»iorwn«wtor»} will be MnaJI. whik' Ibotwof the arma- 
ture UrniinaU am htrtv. On the mtmm niouir the fiold 
mid arnmtun tc-rminaU wrn* larce and of the mn»e tilse. 
In wiriu* -<bunt iuoti«i> a IMI ami an armatum U-*d arc 
crtirM- itnl hmhbi the machine and bniuuht to tlie oou 
t-Tmltta), ai* in Kin. I- Aeaiti. in umw> very small niw-hiim 
tin- fn ld immIs are ct.iuiwti.il In mtilU|4c wilh tbe arimilorv 
and only two terminal* are brought iKit. 

If tlie motor is c*^inpouml wound, it will lwvi> two 
tif field*. Tbo writ* and tin* Klnmt ouU» arc usual I > ttwU 
up separately and plaeotl i>n tbo polvpUcvt*, althoiiirfa in 
Ntini« r»4*w Uin two eoiU are tapod together Ulore tboy 
urtr jJanod on the poiuptecea and look much like one ooil. 
hut thrj- will at way n have four IcwIh, la-o Unco and t».* 
Mtu.11. Thmo. toRetbor with th* two armature I«k1» 
make tax, whieh may be brought out to six U'rniiiwd^, as 
in Fiic. 5; or one Hlinnt and one K*ric»- field may Imi eon- 
net-ted to tbo same terminal, a* in Fiff- # Aipim, onr of 
1Im< servti-oeld leada may be connected dtroetly to Uw 
armature (brushy a» in Kitf. 7, mahine only ftwr oxt«<ml 
term ina) », A* far a* tho numUr of terminals n<qoind 
to *xtniMWt the motor to tbe ordinary startinc t»*\ is con- 
cerned, tho otb«r serWlWd lead and one of tho fchunv 
ni ld leads may In- e*inr*nrto«l lnpNlMTi makinj; only thrw 
MMml torminaLi. as in rig. H. In ip*tM.ral praetlee. bow- 
iMT a eompound motor- have ttvc or six terminal*. M iu 
Ki|p*. I and G. 

are thote of tlu< Ai'r>ot-5eb] and the 
ti Um Phunt field. This U very i»mrked 
in the lnncer tiUM-ltim-, the iwrlew-fleld often heinir m*il- 
of ntpjie* bar. Tbe Mrii>fc-field UHiialty tn*eupie-t from 
oritMpiarter to one-third tbo tpum on the f»oU p4ec>'- <M>eu> 
pied by the «huiil-Md rwih, and may 1*. pbv^ oitbor 
Da Um sad of the polo|>wwi near the armature or Uck 
«4rainttt the frame. 

If the nuvclhne in ti the intcrpolo tyjM? — that in, with 
auxili-ir> p-dea betwt*n tbtt main |wl««— the inter|»olc 
Winding will always be in series with the armature. Like 
the M<rirn-n*td winding, it ti of Largo croMMHMitbm m 
n im-iiipil by lli*» b«*\y lm.* in KigK. 9. 10 anil 11, 
Kcfcmng t4» tlu*e ill mirations, it will Ih> woen that an 
intifiH^ winding dow not neeesNitate iuiv atblitional 
terminals on tlu- tiulMib. <* tlw ttiacfaltto as one bail of the 
mteriMK^. is eonntfouJ to one armatun- faftd, leaving hot 
nuo armature and onu intorpole lead to Imi hroiight to tin 
ouUiile lernonab. 

In lb* different ehtNM^ of mm-liiuea eunsiden i], Hm 
itrmntun! winding* an? tbe same, earli nun-hinc deriving 
Hi UBM from the l'»ehl winding and its eounoetiKuiK. 

Dnst ihing that can Ih- kept iu Nitml i<> that n m r>t-i 
motor is soldo tn usod except in railway, ol>^>trie.veh»e|i< 
and crane MTV Ire In Home ca»oa. however, they an< u*ed 
p. dme uiiall piuu|w ami bh-.r-. but these an- o-oally 
liraM n> wum of I hor*.-powcr ami U**, U is on tbe 
MH..M -i tin ■i.i- i -mi it t . ■ ||, rn'.n didl ulr t.i liKtmgui.i 
the tliffervnt tyjaa; for imtan-v, by reftrring |g Kiirt- I 
and J. Uith motor* haw foor terminal* l^rxanrht to the 
iwtside and in (n«t Ih-Iow 2 horwe-powi* tlo? toad* ffWU 
Iwth the nrmHlnn- ami tkhl ^-ili are th*- same »ixr.., hi. it 
lM*-iuue* m««*«ur) to make hnun kirol ol a test tn dei*r- 
mine whether tbe macbine is >hunt or wric* wouml. Thif 
can 1»' done bv toting with a lamp. 

Kirvt, plnci one terminal of the lest circuit nn tlw 
bruthes. and with the other tenuinal ci>nneet to the van- 
■ trritiinul- until thf lamp i* Iigb1««d, an will U 
» eomineeted ax in Klg. V2. This will indwati 
i tereiinal. If one Hido of the leit eirruit i«. 

»t«inH |«l to terminalt h' or /*, whiln tl ther aide o 

I to tbe hruthet, the lamp will not light, »•» ttuw 



but when Uw (cat m i 
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tormina) .4, the lamp mil again light. Thin will Indicate 
Ibi! other armature terminal of the mtrhiog. 

Aft«r tbn armature terminal, have been located, eon. 
ncct the teat circuit to lenninala F and F,, as ahown by 
the dotted line*. |f .„,, Urai> lights dimly the maehiao ia 
aliunt wound, and if Iwightly. the machine ia aerie* wound ; 
also, if it h shunt wound a mm spark will occur at the 
field terminal when the teat . limit ia broken. This wiU 
not he the nun if tin. motor i> Mrlea wound. 

There ia another way that Urn machine ran be toatod 
to liud if it it shunt ur Ulrica wound, in eaao a Wat lamp 
ia not available. Finn, connect the field and armnuiro 
In iwries. *> shown in FV 'J, and the remaining terminal* 
to the line. If the motor ia enrin* wound it will atari up 
with a strung effort and will soon reach a very high spu-d 
if Dot loaded. On tho other hand. If It in shunt wound, 
•f it atarta at all, it will I* with a weak effort and at a. 
very alow «|wed. In moat casus, it will not atari at all. 
hut if the armature is turned by hand it will be found to 
have a tendency to turn in on* direction, and whim tiie 
line switch la open, thare win be a severe am. 

In eaao tho machine is compound wound and connected 
«• in Fig. 7. there would bo four kiraiinals appearing on 
Hie outside, aa in Firs. I and 3. ao aloof with malum; tho 



test as dearrltiod above it will Is, necessary to »* that 
one of the armature terminals d<a<a not connect direct 
to the Held coils. The terminals of a CH>m|xiUDd motor 
with iu lead* hnvught out, as in Fie 5. niny Ik. hsosl.sl 
na follows: 

First, teat for the armature terminal' a* doaortlo'd in 
connection with Fur. I-; then connect onto aide of the test 
olrciift to one or tnc four reinainiag terminal,, such na 
f in Fig. ia, and then with lite other tort terminal make 
csiuxusetions first on one and then on another of the throe 
terminals, -ucl< ae Fx, until the lamp lights. Tho teat 
lamp ia connected to the Md winding shown in lino lima 

wlji. li |i nl, . il - the .hunt , uu.l in lhal r*f llo I n-i;i 

Will lairn dimly, due to the high rcssstaliis. of tho field 
eaals, and when the circuit ia broken, a severe are will 
occur aa dcscritasl for the ahunt motor tali loa\ M l v. i , 
remaining terminals to lie tested- When the lamp is 
ennnected to them it will hum brightly for tlio irria* Said 
always haa a low resummon. This h also true of the 
armature. 

When one aide of tlx* armature ami one shunt-achl lend 
are eonnexlvd u> tho name terminal, na in Fig. 4. and it 
cannot bo soon juat wlusl terminals the loads run to, a 
teat can lie made aa follows: First, disconnect one arma- 



ture lead at the brushes or rah* the brushes from the 
commutator In Fig. 14, one armature had u. shown 
disconnected from the hruabea. Connect one aide of the 
Uwt circuit to this armature lead With the other awle 
of the teat circuit, teat the outside terminals until th*> 
lamp lighta. It wfll burn brightly If connected to terminal 
L, whereas, if the test circuit ia connected to terminal F 
instead of L, it will burn dimly, for now the Hold ia In 
circuit. When the lamp hums brightly, it indicates that 
the armature haul goes direct to terminal L, ami alien 
dimly that the field is connocUid to /. and F. If one aide 
of tlx, tost circuit is connected to the brushes and the 
other to terminal A, it will again burn brightly, but il 
one toet aire ia allowed to reman on the brushes aad tba 
olluu- ia placed on F or L. the lamp will not burn; this will 
indicate that the armature lead alooo connects to A. 

In a great many cas es the nsanufacturera mark tho 
terminals, and in moat caeca these marks can lie relied 
main aa lieing correct when the machine comes from the 
factory, but if the machine is repaired it is not alaaya 
in n li.-v'.l. uu.l careful hands, and in some eases tbeso 
markings arc mixed up. eonaettiicntly, tho safest end 
aureat method is to test the machine before it ia con- 
nected up. 



The I'riHinaiic Astrolabe* 

By David kl nee. United Slates Naval Obaerratery 
Washington, a C 

Tiia method of cqutil altitude* for the aslruuumlc <lc 
termination of the observer's position upon tba earth's 
surface leads to result* at such surprising accuracy that 
It has been termed Incontcstably superior to any other. 
Aa the name suggests, this method calls for the otastr- 
vatlon of celestial bodies) In vnrlous porlloiia of the 
heavens, bin always at tba as me altitude, the observa- 
tion eimstatlng merely In noting the time when thta 
altitude I* altulned. 

As the allllude llself la entirely eliminated frufn the 
reenills In tbe course or the iiim|iutalloa. Its Mart value. 
»IToolod by constant errors or graduation, eccentricity, 
level, oiilimatlou. azimuth, flexure, etc., la of no conse- 
quence, provided only that It is tbe same for an stair* 
observed. Tbe local time anil tbe latitude thus obtained, 
free from systematic error dne to these sources, tare 
romn rkn bly preel**- 

Tbe method Itself was Introduced by liuuss. echo first 
pointed nut Its advantage* a century ago. Kinpluyttair. a 
sextant nnd artificial horizon, (Ids Illustrious inn t lie ins 
Hdan. even wllh aucb cmde npparatits. and with only 
Hires' star*, ohtnlned a value fur latitude which excited 
noisier. After «aui«s other* experimented with the »»ei 



prism. Tbe prism Is mounted, edges horliunlal, with 
rear face vertical, In front of the object glass of a hori- 
zontal telescope rotntntile on n verUnil uxls In a hori- 
zontal plane, and the whole — prism, tcloscoi*'. mercury 
basin it ml other appliance* is supported .hi a tripod 
like n thissdolltc. 

One face of the prl»m receive* light directly fr.au the 
star, another from the star'a Image reflected In the mer- 
cury, ami tnc two light my*, after Interval rellecllon, 
IK-ei through the rear face of Ibe prism U the objsct 
gins*. Hun are thus observed ut a constant altitude 
of 00 degree*. 

For time determination., observations ure made In tile 
neighborhood of tbe prime vertical, where the allllude 
change* misil rapidly ; ror latitude, near the meridian. 
Aa It Is easily itosslbh, without Held Illumination to 
observe stars as faint us lite (seventh magnitude, a skill- 
ful observer auiy secure thirty to forty alar* In lews 
than an hour, and this number la sufficient to give very 
giMid values for Isilh lime and latitude- 

An Interesting feature of the astrolabe Is that unlike 
other iioaruuienta, the result* obtained. If the prism be 
well eoortructed and by employing reasonable care, are 
almost entirely Independent of errors dne lo tuiiladjiutl- 

melit. The (i>|cmcii|»> si hi Is* perfectly horizontal; so 

also ahoutd the prism edges; and Ike rear face of the 
prism ahouM bo vertical. If. however, the |Ylan» twits**. 




Fig. I t:i,.i.. ins of the prismatic aslr.dsbe 



rant ; but only the brighter slurs can be observed wllh 
(hla Utile Instrument Very few of these can be found 
at a given altitude within a reasonably short period of 
Mine, and Ibe small magnification necessarily employed 
to Jtermlt hccjiiiig the alar In Ibe oeltl of view la not 
conducive to sharp observatloat. Sezlant work cannot 
Is. relied upon for urorlt of extreme preclidon. 

Kxpcrtincnt* were acsxirdlngly mn<le with theodolite* 
ami other Instruments mailable around a stable ver 
IKwl axis, and very Sis* 4 , result* were oMaloed by care- 
ful manipulation : but Hie arllnchil horizon was here 
replaced by some device like the spirit level, ami this 
relnlrodnced the bugbear of systematic error. The 
method of equal ullttude*. therefore, despite lis advan- 
tages, though employed extensively at sea, was long 
neglected on hind. 

Heeently. Ibe French took bold of tbe problem, and. la 
their Ingenious way solved It by Inventing and Improv- 
ing a new Inslriilueiit. *T astrolalsi 11 iwtsuio," "ihe as 
Irouits. „j t h n prism." or the prlsznalle astrolabe. Of 
thla, there arc several forms, but the principle In all Is 
l lie stmie. Uke Ibe sextant, the **lrolnbc Involves the 
ukc of un srtlbeiiil horizon, but it ri.plnce* the two 
•~Po.to.1o -..xtiiut mirrors by a single e,|iillnlerai glam 
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I in. 2.— rriaanatlr astrolabe for determining lati- 
tude and lime by the method of equal allllude*. 

f.w example, arc not linrlwnlul. Ilw akllled olserver 
will nssajnlze ibis fart when be perceives 'be motion of 
Hie slur lit the Bold or view and a albtht touch of n 
screw ellmliiule* tbe llwonvenlence ; Indeed, thl* adjust- 
ment Is generally eireeled on every star 

Tbo one lm|s>rlant adjualment — ami even tluit Is not 
utosilutcl.v essential Is Ibe periiendlnlbirlty of the rvnr 
face of the prism lo live axis of the tele*eo|ie, which la 
easily effected by sld of a simple auxiliary' device. If 
the adjustments are not iwrfeet, the only error Involved 
hi in the observed allllude which, Instead of being <*> 
■legrco*, may 1*. some larger or smaller quantity ; but If 
earn Is taken to make nil otacrvntlomt In the name por- 
lloti of Ihc Held, and In ibe anme way. this quantity 
will ls< the ana In all positions of Ihc Instrument All 
stars wilt lie observed at the Ha sac altitude, ami the re- 
sulting latitude and local lime will be unaffected. With 
tile newer type of prismatic astrolabe, permitting tern- 
rs.rary Held Illumination, this condition la easily fut 
rilled. 

There tire no Instrumental constants lo be delennlued, 
and consequently there are no systematic errors Intro- 



duced by such constants There are no circle measure*., 
with lhs< danger of reading uud recording them Incor- 
rectly. There are Do crwra of luldlr. isiiullng. thread 
Inclination, pilots, etc , su.ii aa affect .auvrvalloua with 
other Instruments. In fuel, nearly alt constant errors, 
ntTce-tlnc till observation* alike, are ellmiuatisl There 
Is danger of systematic error Introduced by tbe persona! 
equation In imllng Ibe times af observation, but alunrst 
all <.l tier ernirs are of the accidental da**, and niny 
be (-•lluiluateil by increasing sumrtently Ibe number of 
observed »Urs. 

'i'lie manipulation uf tbe Instrument Is simple, nipld 
ami xmny. llulded by; a prevlmtsly |ire|«r.sl Hal of star* 
containing approxunate tlnars nnd azliuulhs. Put <>te 
"■ever first sets tbe telescope In azimuth. Iben seating 
himself at the eye cod. watches Ibe alar alsl II* reflected 
luinge enter Hie Held 0 t view from .sj.|sstlte dlrectloaia. 
lle loucbes a screw, per hap*, to cause Ihc Images to 
cbiingc slightly th. ir relative positions, or to bring tlielr 
vertical line ticnrsir the center of tbe Held. As tbe 
Images draw closer In thctr appnuich lownrd «ach other, 
be concentrate* his attentbm ami at tbe moment of cola, 
cldcucc makcM n record or the lime, either by Hw. eye 
and eai mclhtd, or by the chronograph ami key. In tbia 
record Is comprised the whole obtservutUm. 

The eoeB|Mjt*1lou* both prelliulnary* to and suecetsltna 
the obserratlon* are long and tedious. All hour's ob- 
arrvlng list roiulrca many hours »f prepanillon and 
subsequenl comisilntlon. Tbe labor of preparing the 
observing IW may be considerably ahorlenezl by tables 
•ad othar alda: and the final «...mimlnt1on«, too. may !«• 
made more easy by tafetaa and graidilc tewsss. The 
fact. neserllieloKa, ntualna Hull the <oin|.iiljill..li. lire 
■ line ruoaamlng. In view of tbe blt'b precision ollnlti 
uble. this ohjeoii.ui shmild carry bin little welgbt. pnr- 
licularly when It Is renM'mtH'red Hint the cotnpulntbuts 
nmy be made at ones leisure, long urter Ibe observa 
lion* hair been isuni.leted. 

Tbe IliHtnnneiit Is ot.mtianilliely Inexpensive, It Js 
| light and paatztbah and ris|tilre* no pretioualy eslab- 
llslted slalile foumbitlon. but niny Is. set up In n fen- 
minute*. These considerations should reeonimeiiil It 
particularly- to gisstnildiers, ev|*s.rerH, surveyor* and 
.4her Iraieiler* who ms'k acciirjici, jet do i*.| wish t,, 
cocumbcr thi-oeHves with the comparatively heavy 
tsirinble transit and ilccompnu.i Ing chronograph i*o r 
the very fliie-t kinds of kiltgltlfile work, however, owing 
to the prnsurial eiiuilll.au. (he aslrolals' should he l<*?ke*l 
uism with suspicion Yet It tuiouM In- reuuirkeil thai 
If bos been used able ley side with portable astronomic 
tninslu of the htwt known lypes. ami the resnilta ob- 
tained by the Iwo different idada of Instrument have 
been wonderfully clow, 

Tha prtwiialle astrolabe has keen employed by tho 
Freoeh on boundary and other eurvey work 1n their onl 
oaJaa, Id the measurement uf a meridian arc In Kcuador. 
and aaore recently In Important wireless longitude de 
lermlnatlou. It waa uses] in ta* spring of Un | n the 
preliminary n|*eat1oe*> attendlnr Ihc determination uf 
the difference of longitude between Waahlngluu and 
Pnrla 

Tlic astn.lal*. may be employed for ahtolnte longl 
tmle« by .Jocrvlug equal allllude, „f stars ami ..f n„. 
moon. It can advantageously replace the portable tran- 
sit In much of (be longitude work now carried on in 
tbla country, and would result In consider,,!, I, • saving. 
Among other appllcalhina, It may be employed at fixed 
rvotorle-: lii .1-1. n il,,, ..., r ,„^n| n „. , (ur „,!,„„ 
omers and englneera should give It a trial. 

For ao exhaustive discussion, the nsider Is recom- 
mended to A- Claude et f„ Hueocourl, "llescflptlon n 
I'ttge de V Aatroltibt II ITUme." 
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The Effect of Water Pressure Upon the Form of Fishes 

A Study of Evolution of Form Resulting from Conditions of Life and Habits 



As Interesting account U given In Lm Jfelcwce rt la 
Vie of the effect of water tr*s*i the fucm of hVhe*. The 
article la written by Frederic It outsit y, profe»e>*ir at 
the Sorb* sit t* In hi* Imixlx ittni|Miratlvi' atiafisoy ha* 
developed Into «I>naiuli- morphology, which necks to di- 
ploic tbr characteristic* of mtlmiil forma aa tbe direct 
or Indirect reaction* fruui the net too of Uie numnind- 

ili." W I r I 

In lb* article ou the nhsplug of Hah by lite pressure 
uf water. Prof. IfiaiN**} teJU oh that naturalist* f«ir a 
long time have agreed Id admitting evolution In living 
being*. Nearly all selcjirisu at the present moment And 
no difficulty la believing tbnt the Infinite variety of 
anlnnil forms, now e\l»tiog or extinct In (lie course of 
geologic age*, la the result of likcetwint change* earths! 
on without Intermission. These change* take place 
with a sh-wites* or an lnfrcqucucy which prevent* ua 
from !»■!■ • r, ii i; (lit- ii readily n iiur -hitrl life i>ne 
mn, though, very eiodly Imagine that these modifica- 
tions. Kusfsvtcd or ft*ci*ruutod isi a small wale, produce 
In tbe course of time rery Important result*. IHmcul 
tle*< commence mt>) urgiiiucnts beirln when It la sought 
to specify bow aueh an evolution lakes plHce. 

A great many *-ir>ntl»ca believe that the ability to 
change la a quality Innate In all living beings, an essen- 
tlal elm ra fieri* tie. and that evolution fca to some de- 
gree no more (ban tbe exercise of tola faculty, than 
tho rswllxatlosi of tblH Inner powrr, Others Waal lire 
attll In tbe minority, hat whom* number* are growing 
nii'1 amooc whom nur author must 1m? counted, »n> 
unable to believe that a llrinir being la capable of 
mialtfylru; Itself when there b* no change around It 
They coupler tbe rtMiigvw In creatures «s the repro- 
duction or tbe rcflcctUm of tho ehuug*** (hat take place 
near them, ami that these surrounding change* a n- 
IhcfusHve* unlleil by an unbroken and gradual connee- 
I It hi with all that takes pl*< e everywhere In the Inbnlte 
world. 

It la pl^tu Hint one cam tot di. cieiytldug u( tarns* 
uikI that It Is otss-stiaij to atluek tUla pmhUni a m*- 
tlon ut u time- Thus, tnir nuth.tr tins been led to tr) 
to sol ve Hie definite iiucHliou v ( the form of ft*dics, ami 
In Inquire Into tbe rule which tin* surrounding medium, 
that bt the water, baa been able to play In the oiiixlrm - 
Hon of this form. 

Aa, In tbe present discussion, the question will alwnya 
be of water In niotluii, and even In vortex motion, we 
mnat regard this fluid. In tbe matter to he elaborated., 
aa both clastic and oscillating. 

Although It look* simple thbi question of the form of 
tUbtm to one of the most difficult, and oar aelentlar does 
Nt claim. In tbe coarse of a abort article, to go into 
it In detail with tbe exaiiue*ta he Hhowed In the w-Tk 
already mentioned on the "Form, Strength, ami Sta- 
bility of Flab." lie merely trie* to Indlente tbe |JW> 
ceHXIou of Uleaa and the courae of tbe denujiiatraMiA. 

Kind of all, It In neceaaary to agree on tbe ll*b f.Tiu 



whleb ahowa variation. Ixarlng a^lde all thoMe which 
are too long or tm> Oat. such as tbe eel, tbe my, the 
nole. plaice, dab*., ami the turhot. let n* take »liu|Jy 
llu- U'-toal Nwliuuier* In oia-n water, fur example, the 
abatfc, trout. HlffMBi tb»* uialgre, nil mullet, sardine, 
herring, mackerel, and even also tbe <urjt uud tbe M- 
pbln, which are already a tittle flattened ut tbe nUIcm. 
but not yet too much. 

In order to understand how water tun* been able to 
mold Die Bah. U la nrntw-oiry Ur*l tu grasp tbe idea 
that all (Tenturea are plastic, that Is to suy, can nuffer 
deformation under pressure, exactly like potter** clay 
under the flnger, kani quickly. It bt true, bat aa certainly 
ami » - completely If tbe tune reqnlri*) Ut glvem 

"Snppmw we explain what la meant," says oar author, 
"by an example eJioaeii among thou Hand*. Kveryoiiv 
known tbnt a child that currie* lt*elf badly becouM**. 
ank-t-xhapeo by allowing bin weight to exercise pre*. 
Nim* iiu*>mnietrlcally. thi the other band, the dt'form- 
ltj <an la> n< tilled by an n|)fir<qtrlate eomprewiion. If 
then In several yean light prenMire ran modify a laaly 
under our eye*, what cannot be «Xpe*ie<l of far gn*uler 
forcett which have l*evu working without ««o*aUoo for 
agea upon ogea? 

"What then la tbla far greater force which we allege? 
It la tbe resistance of water; It k* an enormous force. 
The larnrr of thia force can Imj very almply te*te4 by 
plunging tbe ami In water and trying to movo It there 
rapidly. It will soon bo seen that tbe resistance varies 
oonsldeTnbly acvortllng aa the hand la plained flatwise or 
iilgewbe. The water will even turn Ihe hand edge- 
wise. If the mum-lea of the foreanu are not ullffeiwsl 
and the hand la left limp In concentrating all the fom* 
In the ii|>f*eT arm and shoulder In order to obtain the 
movement. It Is known, moreover, that thin n-il-taii*v 
la proportional to the square of Lite irlnrlly of dHilace- 
meitt. 

Having ut iHir dlsi«t»ul the fdiistle living being, and 
ihe great UMlitlug force. It Is furlher uevaanUy to detllte 
the ciMMlltbsas In which tbe latter act*( uisai the former. 
Tbe Iwo c»M**iilhil bMNMJ aial pn>ia>r o,uaIUIf*t f»ir 
Melectlng a fixh with a pla»th- f runic un> that be abUtlM 
have tin* |Miwer of ni|t4d morcuient, ami that he should 
have tbe same density aa the water. All well-made flab 
weigh. In equal bulk, It may be anld Just as much as 
water, hanlly more, hardly teaa. That removes from 
• ■ur I instigation all vertical force drawing toward the 
iMttt'on or the surface 

If one change la Introduced ererythlng changes. Thus, 
the deformed or badly ahapod (Mi. those ttto long or 
too short, are decidedly heavier than ibe other* or the 
water. On tbe other hand, some, na the mola or moon- 
ftsb, Blfj decicWdiy lighter, ami laxvune mla-ahapeti at 
the surface, while the former grow mis « ha pen ut tbe 
lawtom of tbe water. 

rmtturvs which might be Ml III heavier, and a I no U*t* 
rapid lu niocenient, would not 1*> fnrwed at all lu the 



Hhapc of tk>h, hot In that of annelUla and cruMlacea. 
t'reaturea heavier still, as well as mitre almcgUh, woald 
t**xaue creenltig molluskt: and olben*, alt»*ilutely heavy, 
which do not mmr at all, attach tl»*-m*elvc* to the 
algae, tit Ihr ntrka, or bury thcurvlvc* In tin- mud, and 
are thu* molded. 

Ilil* la the reason why the- rcalHtuiicc of water, WbflCal 
bt always the same. d«M*s iid4 always |MtMI the -.h.m 
elTecl. because It is nut alwuy* exercb*eil In tlw* j^nic 
way ; and why all aquatic existences, equally plastic, 
hut of varloiia weight and rapidity of movement, are 
ru*t alike. 

"This much being clearly understock], let us see by 
experiment how waler can model a Itisly that la plastic, 
quick In movement, and of uniform density, anil which 
uei^hM Just *n much aa an equal volume of water. 

"And llrnt of all, how sbiaild one exis-rlmcnt to put 
himself In the sume eoodltlona as tliose under which u 
fish swims? The latter gives a idifirt atroke nf tfa 
tall to the riliht and left, and then moves ahead very 
MtralgbL ami rigid wlthiait mnklng auy pro{M-lllng move* 
ment, but only little stabilizing movements with Ua Ann. 
The tlrst period utata acverul tenths of a second, tbe 
second, the straight ahead movement, lasts 6 or 6 
seconds. It may then Is? said that Ibis In the condition 
under which the fish encounter* tbe resistance of tbe 
waUtr. and In which tbe shaping t* irffeeted. It la, 
therefore, passible to reproduce this state In which 
the fish Is not mbvshapen by hlnisclf or adlicly, but 
submits paK-ltely to the pressure of thu fluid. To re- 
prtsturvt this U aajlBcw to draw through tbe water the 
experimental body, for Instance, by a line passing over 
two pulteya. at the end of which a weight, which falls, 
Is *u*i*?nded, and It wilt also be possible to vary the 
velocity of movement by varying Ihe weight. 

"A first molding of the form of the fob had town 
rce« igiilxed before roe, and I add nothing to it. It la 
i tint slmplug by which the forward part gruws heavier 
and enlarges, while, on the other bund, the roar part 
tapers down. A mental UKddliig of the form, tlinl I 

have ill»c^tven-«l. ami wbhii ctanUt- of re|«S(tis| liner- 

sbuis, ought to be au|str|sstisl iiimiu tlbe former, bnt for 
the suke of Mtudylng tt a loam it Is necessary to separate 
the one from the other. 

"In order to have a body, a model which will be 
plaatlc, I lake a pliable rubber bag about SO cenilaveters 
long ami 4 centimeter* wide : and in order to have It 
equal In moan to the water 1 1111 It with a mixture 
which I make of oil, vaseline, and white lead, which 
w i- 1 1;! - ii- much a« wntcr hn K fir In k In nrh-r 

to five H velocity I attach It In the water to a line 
which the fall of a weight In to carry along. Nothing 
further needs to be done but to watrh what takes plaea 
when the speed bt Increased, the bag being dnscd by 
"Imply pressing Its ofs'tilog between two well united ad 
hosive MiMleea. M 

At a alight speed the bag. anuooth lb llMBd nt tbe 






Fig. 4. — Cotie-ahaped model with vanes at rear end. 
A malrsl medal *qulpp»d vita »*■*>« at 1 rrsr rnrt, Ilk. 
thus* of dlrlritila balloubs. Is only MtflbW si fciw <pn>di. In 
this n«ard. this o>»W U very titfrrtsr tu das. 



rig. I Shapes produced by tht resistance of water. 

T.. steals a oAaatle form s« ss wiur, ■ roMw bftgy _ . 

Ait*d with a mUtar* of ail. TaasUa*. sad wt.lt* bwd. Tbla Of. t— two mndt-U of long form have atumla- 

u\g. tuwed taroar> the wstar, at a mtuJu •pesd, assome* ium Ana, the front edgea of which are larned aver and 

the r.ra r af two lav*rt*u irseUssM. at aa iMnmstd ifsssl It threaded cm a aleel pin. The rear part ot these fins 

ra, It. isaashi ^ ^ bl ^*T/ ,/ - u attached by a rubber band to Ihe woodea body. The 

rp* U lt av-idrsUf anabsmaa to that of a nib: tbe tab farm produce atabibly by oscilUtlBg under the eddying 

aia*r» fr><» tab) ox«!cl i-r tba ahscaet «f tfca towtr front Oa of the water. 




Fig. S — Scythc-ahaped fina increase atahjtity. 

AIhiv*. long ntooX «f gsb la wblrb tbr pectoral fin« ouI| 
hie* tvs-n bnltosoHi oat lUa a »rjt*s n> •scura stability at 
i rUln wymmtwL bvlnw, « »qu«Ufoft» mot)* I, bsltsstsO ilorsnlly. 
is wblra tua arraagtaaaat has toss rsprwdarwd. £r*t for 
lbs pMturals, thin for tt« grst durssla, and ftull/ for tbe 
muOal oa, after which It raaaain* iUU« sfeta lb* speed 
hjaaafawa. 
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«!•«• wnwiltw unchanged ; the transverse »ln merely 
rlowliiK over It. or clue turning on It* axle. At a milll- 
cleot ''"loclty )t plainly sham two opposing surface*, 
Uml **i the forward port remain* suwoth uud uurl- 
vjntiil. while th» roar become* flattened vertically. II 
Ui<> velocity be further Imwiwl, u» number of Uiver- 
%\,xn Increases, aul | UIR mi, b, eoiuited three. Ire. 
seven. «r morn <if them, which are alternately borlxuotal 
„„.i vertical, the i„»i y being inverted i„ three, nve. or 

aevco sections. 

The vortices of water flj- latest*****] In nut. roan 
for u moving object which l.'ortratns lu lo the |ire»- 
cms. of the obstacle which the hag opposing Itself t<> 
their flight f,.mi« llsey Mm an aspect which Is re- 
peated lo n certain rhythm, II |. what la .nil..! an ne. ll- 
latlno. The oscillation of the water mold* the pliable 
lair which It hold* fait, uml It la the hug which prove* 
It t„ ns, for the latter la visible and th* ... illation ta 
not. Fig. 1— I, it la an evident application of one of the 
moot beautiful tlieorrtna of physic* illarorered by Ixinl 
Kelvin on the trnnnfonnatloa of a vortex Into oariUa- 
tlon In the presence of all obstacle. 

li.wcvcr. let u* lay uaklc for a moment three views 
•rf advanced theory, and 111 us place thla Inverted, shape, 
who'll we have Juat exunilned by Ibwlf, npon the one 
whl.ii allow, a form w ith a large nisi a small eud- Lei 
on form upon lb» body, upon the hull, • Mull* of two 
Inverted sarfneea. tluttculng the front part (the largo 
end I im top and bottom, and the roar (little end) on 
Che side* (Fix. 1— III. It U tlie evidence of what liaa 
taken |>Inee when the velocity was nut ret very great. 
I*'t ua form further on the two prmssllng models six 
Inverted section* (Klg.'l— III) j It la the evidence of 
wlutt took place when the Mpeed had somewhat in- 
'•rciiscl. Itut the alxe c.f the body liaa not been affected 
■a to It* was* by this last molding; the latter b*» 
merely drawn out tiie aurfnia* In sections altenintely 
htirlaotital and vertical. 

The cut (Fig. I) shows that an object inaereaalvely 
shaped In thia manner would have u curious resem- 
blance to n typical ash with Its Inverted laajy, and lot 
flu., alternately biicl/jaital and vertical. tint aa cam- 
pnrvd with a nah It w.iiild luive i*ie flu too many, the 
lower forward otic. In fact, the Oali would have as- 
sumed till* form with scrupulous exaetuesa If It bad 
been bomogoiasnus, that la. If It lunl the same density 
In all parts of Its body, tiucb, tb.amli, la 11.K. the fact, 
the back la the hisivlost lairt, and It la because of this 
lluil dead or final tlah turn up the belly. It la also for thla 
reason that our model does not quite reaeiuble a tlah 
However, we seem to have obtained the solution more 
or teas in principle; all that ia now necessary Is to re- 
touch It In certain point*. This will be done Utile by 
little, and these alterations will also be full of Interest. 
Itcfocr leaving this preliminary survey, let us dwell 



a little farther on one fact. We have said that the 
multiple Inversion waa caused by the changing of the 
whirling of the water Into aadllatlolui, and this lias 
reference to the arrangement of thai Sua with which 
we have compared It. Inversely, now that the fliw 
evlat on the flab, they direct the vertices which fly 
linrkwiird tn propiaTtlou as the fish advance*. To prove 
thla," awra our aullmr. ~l t.s* ft-li of various kinds 




I'ig. S.— Models far atudyiag Ihe atabilily of laMtded 
ftah. Upper a gore model af a carp; lower a dolphin. 

nod passed Into their skins silk threads bnld by a knot 
■iikd floating freely In the water. When the nah sculls 
gently the silk threads undulate to It* right and left: 
when, after a good stroke of the tall. It mores quickly 
forward the silk threads roil themaelve* around Us 
body, passing between all the Una ami outlining be- 
tween them all two spirals or two screws with Inverted 
thread, characteristic of vortlee*." 



In order to eiamlne the question more closely, It 1* 
now ncc en aary to look at It from arMilltrr side. If It b> 
really true that the water b*« molded the Baas It must 
lia.e made of It a shii|s- of minimum nadstane*. for. 
an far aa this resolt had not already la-en attalnod U» 
water took bold to mold and efface, and It" action » 
enrricd in until It lias the least IntluemT possible, enrrc- 
«|. aiding <" * minimum of resistance. An attempt can 
he made to |m>ve this. 

•I took," continue* our Investigator In dlsa-vwliMJ >he 
subject, "sli models of the same length ami diameter, 
mid having Ihe following forms : form iaf a fl»b : a cone 
with apn to the rear: a cone with apex to the front; 
a double-potnted aplndle: ami n spindle with Its euiW 
flattened In mutually |»"r|s"ndieoi*r planes, nnd n Issly 
lasamled by a discontinuous snrfnee of two iss-tlisx 
Jolnod at the middle. Kai-h misle) was bailt In three 
lengths: small, medium, and long. In all eighteen 
mad eta were tested at speeds Increasing from Ml centi- 
meters to 7 meters AO centimeters a second. TIm* iiicjIcIn 
were drawn with a line, operated by a falling welghr, 
and were carefully timed by a chronnmeter. They 
gave eighteen curves of misllirti. which have been care- 
fully compared, and the result showed Ihe fish was by 
no means the best. It only canse In third, the first 
|4ncc being held by the rone with the large end forward. 
Miaroover. It was lni|a*slMi> to determine which of 
Ihe forma, short, medium, or long, was the toast. 

The result aa regard, n llab-laaly 1- .li.-lile.Ilj Im- 
portant. First of all. fmrn n practical |..|nt of view, 
ft eoibdemu* In advance any atfemisT to make the aa> 
vetiaie of a balloon, or the hull nf n submarine or of a 
torpedo, a direct and unchanged copy of the Issly of a 
flali. even of a swift one, The lriiilstb.il stnsibl t*> more 
complete and exact Then, from Hie theoretical |sdut 
of view, this result teaches us that to conduct our la- 
veMtlgatlon suceessfally Ihe question I" bo colisWered 
Is ■ sot off*> of taking a part of tbe fish while inflecting 
tb« reat; for Instance, the Issly, while for retting Hie 
flnea. bat that It la necessary lo take the wbote. body 
*"«3 flu*, since In fact the water has meWisI nil ond 
dlil not atop so long os there was anything in do. 

Through the knowlerlce of these facta and through 
reflecfJcsa the writer wa* led from the in-oMem of volot> 
l'y to that of stability, which la by M means less im- 
portant. AM these plain forms ndvaueisl at Ihe end 
of their lino with enmr* tented oaclllallun* which «*h 
never make; they are atsvolutoly stable. He then 
thought that hi* model* would also ln*cumc stable If ha 
snoceested l n Imitating on them Hm lilay of the (Ins. 
The artlflrlol tins were simply small thin plates of 
aluminium pivoted an a steel pin and attached lo the 
m.alel at their rear side by means of rubber elastic. 

Flna were fitted on the three most Interesting model* 
In Ihe three lengths, that Is, on the model with Ihe ills- 




rig- &, — The thresher, owe or Ike fastest swimmers of 
the shark family. 




Fig. 8. — Another deep-sea monaler. This fish 
sluggish swimmer, and awaits In II* retreat for Its 1* — Trout anal artificial model ss ills one dorsal 
prey, some weaker fish, lo swim by, when it open* its Bn - This nhape, weighted dor-all), is adapted t„ 
huge jawa, and lis victim is drawn In by Ihe strong treat apeed*. but its stability is uncertain, aa il re- 
nirrrel Induced. quirea a rielfailc tension or each tin al each speed. 

I» thia model II »aa proved thai Ihe paired (in*, widely 
extended al low speeds, become progressively related 
as Ihe velocity increases. 




Fig. 7.— The ray. 

While norma! fh» bar* rtlonwt Ust was dVrallr ss water. ' ^^^^ats^lasssllw*^^ Fig. 11. — Neutral shark and squaliforsa model 1-ike 

rsr. „e-l.ledly '""j;'- Twit coadliM u w.Usr u last ^sw»w*— ^BW*^ tlw M |. r «j au. (h , «,«d,| has the hark heavier than 

.leTS i^sr^n xtjsrsjzs n «- a - ™t " - ■ «- »• «h« <« ***** 

sUMswt anrl forward ■••raaL Tb* tap. the peeselllag orgs* ,wl ""»er. Weighing more lhaa water It la compelled owing I* Ihe anilahls tension of Ihe fins, which always 

In othsr o*h. Is bar* o=lj a "raralaMmar «aaa; It regnawss, '° Mil near the bottom, whsra it lies in wgit for lis remain spread, and lo Iho form of Ihe tail, »hich il 

and arag. sseless in ths ..i„ .tuch tapirs It dowa. prey, brine unable to (haar It, hrlcroecrcal. Unit la, haviag |w 0 ■liogual lubes 
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» atirfacw, oti (be .fob, and <*a lb* cone with 
the la tjsei end forwntd. Tbanka tti the tins, whb'h um-il- 
lated under U»n eddylm; of the water, (het*e Dine model* 
became entirely stable, ami moved ub>«*l*il»-'*> Mtrabjlit 
ahead Ml uearly every vebielly, duly at eirCu-ln 
(kw nnH there rotalLa. un.iuid l)n> tnK a Minnie irregu- 
larity whkdi ho dbd cot kiiow liow to eorreet until 
later, aa he tclU on further oil. 

The rwcultH uf tbln Dew lnvi**dixnth*tj were live follow- 
tiilC: 111 eaeh form of modul It I* nl»»ay» llf »burl«<*4 
leftctli wblHi Im the heat ; then enme* Ibe medium le*n.Hi ; 
ami bully, the hattf oi">. <»n the otlier band, nanam; 
(lie ft inn* of tbr .4ume length, tlie rlawinx h nlwayn 
Uie fallow lac: 1. ti*h; eoiie; :t» model «-itli the. 
mutually pent'ixlli'uliir ohme*. 

H>i wbeu the ll*h ti taken an a win. If, Mini taunt nature 
tin* !.r. M |n.tM In lniiUt.nl down lo tin, .lolnlU tlu s*vdl 
«.t and uiivt MiiMo form t* obtained. The **one bavluv 
Inwt the 0r*t ,i*aro. It may be objected that ntiihilixntloii 
by llu» (Iivn n-< *ull it, ami that It would be lnUrf , for 
[in*tnm*e. .<» give It a eaitdal vanillic like tli- feather.!*: 
nt the mil of mi arrow, *«rh an bi uaeil for \ntlU*m^ 
our author tried thU cxj-erlraetit. The cone with tbe 
Mined lull (Kit 4), did not travel well cxeejit ut low 
"lieedn, after n-bleb 11 turned constantly and vluleuUy 
iiriHiiul 1\m ttsK The .-.utd.tl .aulng K therefore, bl- 



amed torn mi fur lie to make iste of a Ktubllkslni; devfor 
auabiKuuN i<i liciH. whieb will rut and dlrvet In tort lee* 
(he MibMen i*T the r*.wL*1lnt( medium? Moii»h*..r IMiwtiiy 
b- ei-m lined that the thlin: 1h i»oMlblc. The luellued 
l»lauc* or rviljin* arraiiieed nuler the Itottum of uerlul 
lnjata with srreWH ant alreudy n nllxbt but evbbiit 
ImlU-ntbtn <>f Ibe In- 1 wilt uhH'b wtild be ebtalmO by it 
< fur a further ilbn'itHHbui uf thb< |MJnt w J.a Armani t:( 
tn l ir, May, 11114, \k 

However, nature luw ninny OkIi to xltuw wlin-b >eeaa 
tu lie very fair nwimnn-rs unit wbirh are inaeb dbutb 
lbittene<| vn the nble ttntii tbv ntMlelH cviimtm-l u|. tu 
h'iw, <_hif HtUluir wb4nil ti* xtu<ly the oiinHtbMiH of 
tbi'lr iiuivi'naeut awl he itiaile (wo iu^mU-Ih \VJs, .*»*, tho 
■•lie. Ill tbe form n<f a enrp, very NllKbUy tlatteiicil, tbn 



>V1ilk' the earlier mndelK nearly always 
IravHvl "ell. eu-vv* at eertaln MjieeiK he kail (be itreat- 
ej.t ilUIU-ulty In aanklikfi I1i«a» lattar mkm mn utrnlifht- 
tn tbe mil, after mt*eb e\|ierlnie«itkii£, tie foiuid that 
the ruhber baoda Httacbtiic Ibe ventral linn imitbt to 
have mm of lefi>«loii aewhHiiic lo tbe ve4oelty. Tv> 
«ilitaln IIiIm rt<Mi(( tie i^nw*^if*1 tin? mblier U»i«Im to u 
line ultJubiMl to a wtpw M>t In tbi' b(*1y, ami by turiilnu 
thU wrcw in one illreetbiu or tbr otber tbe mblier bamU 
were Ntreteheil or relaxed. 

For low Khee<l tile rubbera t<bowbJ be luuMe; while at 
a i-erlalu higher upt**) It h-hh m.«e<*>>ta ry tu hate i-utisli|- 
crable teaidan. tO^erytblnc w*-ftt well for nmuf (line 
vrlo-a, all at ooec, the wpeei! biereakhu: the ruliU-i had 
to he entirely slack ; ami after n further Interval lie 
v»;ia ob|lx««l to Hlretrh It as |»rrrii*«ly. tUtiitteiiueiitly, 
two tenhhait, »re ne«twnry. » mIIkIh one ninl a atnatK 
one whb'li are Hii»*ei««itve n» IN.- hj»e««| lui rrtM«, Tlie 
utibm at iKh U not at all like thU 'ltx lf i*lnu tin*, 
whbii at bbrii n»* , * , d'« an? ooanjiletely closed 4ir »u|>- 
l«re*ot|i| uloiuc tbe butly, ure •ctiiit«*tvely uitfobli^l ami 
urnebivl iiM.rr ami tbe »t+-*l iltiiilnlahea. Thin 

«ltTere«iee hiIm* h rrifnrkahle inxrfileiii, .»r whbb .-ir 
nufhor norm Klve* ttx- Mil lit Ion by slmwliu I tint It ib*- 
|e*nlx on tbe [MKltb>n of the center of erarlty. 

"In exainlninc the v«*bM-lty i>f llw-He la^t idimIcIh," he 
sialic. 'I riaiM ItiiHr le-ult very Inrerlor t» Unit of 
tbe iirreeilliic mo.lrl*. We have alrivAily tniib^l (but 
tbe e.vtreiuely limn mmleh do not traiel aw well tu* tlie 
^)n>rt tiller; m>w notl*~e that tbe Ibitlcneil tuodlelK dt» iu»t 
trjft«>l «h nr}\ »» the ruuti-li-li ^och. ami tbt» U why. 

at lll^ tN'fbllilnx. I ealleil lt»li wbleh aK' |.h> Ioiik nr t-J 
fUt liiK hhaivn r.r Hl-inaib'. 

"Still, Ibe stwly of them! iiK»Jel> U*s t»ui;lit if ** - 

tbitm »crj oirbnn ami very tiiifM^rln nt : thS Is tbe 
|H*o,|b|]||y -»f >«e«'iirl|ix ttaMHty by ntreb-hloi: or reJiix 
Inu' On- Mitai-hiin nt «if l rn- flu*. If I bud known 111 I* 
wb.u liivcftttnilbii; my r<niiiib*l sioMn I iul«bl h«»e 
been nhle to prevetit Ib4-lr turntlij; ut the few vi Un UIi^ 
Im u-hh-h thN itheinwnerxtti nnfcareil. I. tberrfere, look 
tlwiii vtHi> reinn--, *\u\ fn>4--iie<l the end of the rohtier 
I, i^hni IimiiiIa li» M-reWh Wit Hi 1 1-ottM lighten a 1*1 rrlux 

"Hy KlrcMmu: tbe i iiIiIh r-. \i-/> t,l!«hrly I wn>> winII; 
able to Hiij»pres* tb*- rotntb-l In the ^h-.rt aKh-UMak-I, I 
did it<^ ineernl hi d<ibi« HiIn In tlw Uincer flub. exe*-ni- 
lui; nl leiiMUnix Krenict tbim a natural fl*h would have 
Imi-ii *Ut< |i> |>r*M]ih>- alth JiK hiUm1i« It then oveumil 
to iim- t» IkiMmh- 4iut tlu- rkvtxrul ft it* In tt«< xhnia.* of it 

ythe. iiii-I when tills wi-< «!otie a very *JUbl leiiNloti 
-.iiTmvI, TIiS- lie* n<Mil( was very uaeful tu aao In 
MH^urtux tb«' xtautlliy of inore eumplleBteil moddu nt 
l!it rvft*tD« veloelile*-"* 

i:x^efitlii|r Out abort eooe. whlrh wiix nliv«y< HtitliUln^l 
hy Ita &a*. It waa not 



(he roUlkiii nnniml the avb, lu Uie cim-j* of iihOIuiu 
ninl ham leiyjtliK ThU ItnlletiteM u furlluer KU|M*rlorily 
In tlu- k»i-l -fl»b mhlt'li. iialeker In oimeuiefit, <wti t*e 
easily ^tnhtllxcd under any eianlltloiis. ,M Ibl" nlaae 
the irrothlem mvhiiiI lo be alm«< »oUed ; b.mever, Ibeiv 
wen- ureilt a ltd orrxlHtent dHftnlllbw, Tile i.n-l.h. whMl 
wt- have }»4 hliwlleil. ih> tbey nxre»- nntMiu<*>c\\y with 
the three <«nalltIi-H wbl^h we klMiw lire esi*«iitlal to 
lain a li-di : Kw1fliies«, filaislU ity , <h|umJ ib'imlly, a&l how 
do tbey airrett wilb tbi*»eY 

Am rrtntrdH Hwlftne^*. nolblou h « biin^»*l ; Ibey lire, 
utMler the ctH«lirli*t« or Hie Ur*i ex|n>rlonenK eoui- 
turul.le to the ».wlniiiilD« atrnltfbt abend of IL*li. Tlie 
imNtrJjt are plu^Mle mid i»a be rbimced In ylut|ie, but the 
I^MFttb'lty Im lovnliaed In tbe wl llutbltf ittnl rhiMle Hum. 
Raeh of them, (berefore, t\>rre*<|»ofHl* to ii ichen ««U nt 
a kdtn. veM lty, tbv l-ly or wlik-b iWh. at u 
of rt^lxlain-e, Im no longer UHildiil Uyt^l u 
hlni|tlitj; down. The diversity of futons ttLuilUit r»-t*n-- 
**-titK the vitriutluii of the t^hnplne di>wn. l<a><lly t tbi- 
iiK-leli were utade of tiioiil deisdty with (lie WKler. and 
for thK (im they w*-re of w«aal. ami to biMiire their 
liriaa-r fl-«ilbije, they were | N ilbuitetl JuM eium«b to k.-» i. 
tltein under water without alnkloi;. Tbla Inillnst wa* 
put lu tbe belly ami naturally It i*ontrlbiitrd Us xlinre 
to the Mtiibllity. Tha» eobdltioii it not nt nil (lint of 
the Mi. hi which tl>e bark U heavier than the belly. 
The hnlboit Mhoiibl have lieen on the t*aek. hut hi mi*-1i 
euae how omUd the uii*felM fc* ina.N- t.. maintain IU 
pro|KT iaadthw> Thla U tbo real jitlb of (he matter, 
but how to reat-b It 

"The 4|ui*>4loii wan very dllhY-ult," -ayn our nut birr. 
"I*'t it-, IN of all, re**Hpitillute the dlrTerrvavH whh-h 
(*rn>bit between our m.*leU anil natural TimIi ; Klml. 
ventral laitJuac itiM^.l of d.>^al hctlhi>t: «MiaiMl. the 
dim in t*aln«, fiei'tornl, uivl ventral, are ou the lateral 
litre, |ImI i\ at tbe center of (lie itlde hndeiid of lM>tli£ 
at IIm* tent ml cdwe; Iblnl, play of (he flu*, tcunlou ninl 
r.da\atl hot In »jEr.*eiiir<ir. with llml of tt^b. 

"I, thenfoee, o-fnnde my model* by putlbut the lml- 
liLtt t<tw»rd tbe bnek, ami In hiieh n>iiniM*r that the; 
miatlce laimedlutely. 1 lowered tbe pair* of Hum lo the 
ventral ed|fe 4if the body. Imt I left (b* tail an It wtw 
heftwe. Unit U, with two e*mal lobe* holiioeereal. aa 
«iNJoel*ta way. 

"f bad hmidretls of M tlaieka; luy im*1el «1k<1 m>( hijh 
Kise onre for u ll. nit mlcbt luivn been b-an^l, but It 
minted eotvdanlly 4in Itn axbt. It tlico oir-urred to me 
to make tlu- tall heteroeercul, that K with n lartfe 
ui^ier Ii4a* and » -mail lower 1e4a>. Ttibt wnn what wu.-* 
Deede4L nothlnn else, acnl my fnllnrra were IrHiitfof-iiK*! 
Into definite awTewva. My oiodot liail btHinne all at 
ihht eijaiil to a natural ylmrk, and movcil a lung exaelly 
like a «liark." 

The eorr«t a*-tk*i of thW morlne body deiuawled 
very eruet ten>b«* of the flriM, The ventral Ailh needed 
tbe same tenxloii for nil vehjeltk*, and there were t>o 
illifieuUle*i on this nmmnt; hut the ]*■•-( oral Aiim had 
to Ih« rtvulaled exaelly for eueh velneity. At low 
vet4M'ltli*H llik reculatkm eould 1»e easily nude mi the 



Inereawd (lie i«>leiillMt wan irfilSue*!. after numerous 
exjwrlmeiibv to seoop out tbe (leebiral (but In (he nhniM- 
4if u >M jthe. (hen to hollow In the name wny the flrM 
doiwd ||ii, tb.-ii litMly (lie airier lolw of the <nud.il flu. 
He Horn obtained the whole »eric* of imtnnil forma of 
the wiuillhl.-e with (lie evm-t eumlllkiaa of ftpeed to 
which eneb one eornrtrMiikdiM. 

The fsneim-n of 4viinpiirntlve anntotity noif luibiHill- 
to»4itjy hove taught nn Unit Oux w|uallform Mbape i- tbe 
uut* firitnltlve ainl the iimm iincb-nt, ami onr author 
«ui>et^1iil In r«iir«Ml«ieliijt It e*n<tly. wtlh tbe exa4-t 
l>4iiy of Ittt liret mure or lewi Mtret«-Iie«1, but always «|ien 
ninl »|imi<l out. iiL'Ter eloped or Miripr»v*M«l, 

lb' wUo ih«lred to rcprodtKV artlflebtHy Uh* <viudllimiH 
In uhli h tln**c AmIi exlut which have appenn^l more iv~ 
(vtiily In th* water* on tbe Mirface of the ijbilie. nml 
he remmle hi* nimlelx of e« r p. of dolphin, mid or rirtiiul- 
IkIi li*h with two dorwiil IIiik. wbieh ure vrry Rood for 
Ion YehwHie**. mid the Dtnwleln of roniidixh fish with a 
Mhiifli* ibir>ol (In. the 1mt4 <*hii|ie for gnu I »»dttellieH. All 
llni*e lu- reinmle with n dnranl balm>t ui»l niih *itw 
b/weriit to the vei.tml .Mine, 

Tin- pn*.lem eon>lantl,v gr.-w m-re diflleult r.-r II wn« 
nee<T<Knry t4i tlnd a i^irrwt leltelmi for *m h veto* lly lu 
tlo«««< niiwIflM, not merely for the iwetoruK hut nho for 
Hi. t.-i.triil iii«, aiKl al tlrai^ for the drat dorsal. After 
rr|-nt.M| ^periiiMiita tn* alwaya reaeb*t1 the K .*il. no- 1, 
Uken nlt.w(her, Ibe acltoii of lluw vntliwi- 
!«• -amincd up IhiK: i-ur. trlinlon of p^'I'-tiil 
mi.] viMilnil fllit* Uit low vp|or-HS«« |>pkit^<1ti. rrln\n- 
lltxi |»rotMirliotic«r(u tbr llH'ira**- of istmi^rtp *tl|i- 

of nn mmul at vrty u'niit iHi»ill,-» nils> 
cnHly with (li<- ti'-dutio of niilnml fl«!i. mid w 
hint, mirhnl Uil« fir«rt^ n~<titt lij- luivlm; 
iictiln to tbr roiidltlon of ih(» iKirMtl rmtrr ttt 

-Kuw tint we turn <.in.1l, rvlirvUtlonl all tbe 
l-UnU klnl. at 0«b bjr i 



4.f tlx- l.iiM r«»L«t.Di-f. i of »liil.lllt.T in tilt- wnu-r." 

ruii< tlu* imtlMir In 111* Mlaiultii; tlr, ' nr t-»D nl^ for 
It l« iiH|HM»lhlr for lae to L'ljnjiilMl in * ■dli.rt artWt.. 
Ilir lnvt«lliaitiiH« I h«>v limilr as rtlturiln Uip "Imif 

|.»lt,.», of ..,1,1 fn ; tlmw roUUr. to th>- 

,,H«IIUoi» tlu.1 lu.tr .■hnniml tlx* hfteracemil tall of 

llllt'lnit H-,b Into lltr lltAlitfirPiul tlltl of 
Mi: rrhillvr to tlie illr<t)lH4Vlurat of tbe 
tnnanl lltr Imnl in Ko|^irtit4i «m tbr vrrtetiml <x.lM»n 
Ihh^iiiuv. iDoer mimI inorr tnniy In ttnr n«r*o of cnotocli' 
aCrs , r.-ljilhe to tlkfi |rtrtU-ntnr trat^fomi«tlon or the 
JIu* ninl to the rlrformiltluiix of tbr ho<ly I 
M|^l of movement Ih InKt ; rellltlre to tbe i 
Iri KtM[<e of flhtlk fonucrl.v nlow, u-hli'b tmve tMwxjue rery 
xtl lft. »H the ..,«! awl lam ken-1, Ibe IIkh of nlili h hilt" 
Ih,*ii n^-ut In a vrry »|h,*Ii.I iiMuuer, I im<ivl>' oo>ut1i<ji 
tlie*e ileKllH arln-lnl fn«n lliauy otbern, to sl»iw ttut 
time lien- method* of nujoch'iil Investlicatlofi ems. if 
ue »t>,rl from a welfileltnetl |ioliiL mid biivs- is eleiir 
i-»im,'HIiki of vlkal l» tieetM, leml lo tlie eli'lniiiillrm 
of nil the i*.nililnnts,n.M of |H.rlj. *ix| of till tlw iletsilw." 

In .yiwIiWno let is. tilke ■ bii»l, . lew of the Indie., 
lloti* froai which coxtneer* mlittit |.ri*t In iiuihtovIoc 
the H^t^l mid. *ho\-e all. the »tal>lllty *4 ituboiHrtiw^. 
Kiilinief*llil*«, toriH^I'jex, tllrlxltile IimMim^ik. etc., lu tboae 
ciim^ wbene the l*tter luive •> uit»« i«i«er of a*ren>.iW*L. 
nml wi far im they enn In entwjilele.1 »• evfclefitly et|li»l 
in <leti«lty to the itlr. lu tbe lirnt |<«ce, an tutu already 
heels Willi, It \n wby* to limit o!ic*clf to enqiyinft body 
for hody. the n^ailt would tic Inferior to that srhJeh is 
alreaily lo rnanunw isx- Wlnil i« ln'->'««.ry Ih, to reach 
Ibe fiolnt or liluelnc welllatllU! '«i Ulr keeln under 
IIm, Hltniilent oondltlonK. 

The fact Uiat Itsh dmw in tbclr luilre.1 Hit* ut very 
great M|a,,K In laot mi oKMvdiu; IntHcatlosi: Ural, be 
<«ik*e tbey alwncH Vi.,'i> i,|^t, ihelr Hiiiple fib*, and 
further, la^'aiiwe tlie) cMlilMtl cIimc (lie |mlml litis ex- 
•-.•t'HsilE ut relocttle* irhlclt, on HM-omit of huitusi) 1 itul- 
tatiiHn, larre enjctli™. »,Kh as 1*11,. .„« and xtibsnalilini, 
enn licet .■.pllll, ai.l, lurflj. heciitiM- lbl» ct.«<lii|! U only 
uMnlliiHl liy iil,| i>f xninll evact ctianiai. of fonn vIsMtl 
rcilt fr^ati IIm, ,h,rMil |M»ltloli of tl«e tvnter of eraTtty. 

Xow It would he iilaosnl to ,l»lre to Inillnle tbi» w 
•IIII..U whkh. for a allEtit lnt|irmea»nnl In «|«,l, »„iM 
(the im ,-ilrcmely rm-carlona Ktahlllty. 
for inMitno-, ttf |ii.ttln|[ the tar above Ibe t 
fore, iM'lthrr In It tie<TMMary to Imitate til 
vrhkh tire txnuietHed with this. 

If »e leave tbe center or sjravlty fairly low, *f>H* 
U wrtaluly the 1*hi thine to do. «e tviiim. i«.t to the 
exait condition of fl«h. which It In irell to ieolit copy 
hit too servilely, l,ilt lo the n|iprol lmi.tr <*<nd1ttoar< of 
our authors ftntt rssoiUiH tu.llanl.,1 leutrnlly. Tbe paired 
lll.h oilitht In this raw to tn [.lB<r.1 In the center of tbe 
aide ami not at the ventral edee. Above alt, an Sm- 
|»rtmit poiut In untethx-, tbey cun be »tretebed ™»v 
for all for nearly all seloeiilen. and It wnold not he 
licwuiry lo tooili them asjnlti e%i*n« In rbuiee the 
dlrt'-fletj. M, in-over, the dlreeth^i ronhl be esu«lly otv 
taliM.l witNiut toijrliiDX them hy prfeervlnjc tbe pre* 
rat ni.lil.-w. which would «erve i,.,lhl.,„ but |1,|4 j«.r 
|«w. awl, ,11,,..., .ill, w.alM correct the lar.hl,^. the 
nJlinin, mol [ilteniiiir> lielntr totally Ksinirewied. 

For Ibe rare critical upr-ed**, where Ule orrHnnry 
teUKhil, of (he nun would not W xtllBcieril. If aueh 
nhould t«- attained. It would be very -Impl.. |„ ,-l.ar.r;c 
the tellKlou *lt*f there .uotd he but two telKi.ain ]«►- 
Mlhle wllh no irdcrairdlary betw.-en tbesn. Kor tbo»e 
vel-.-ltin. It u.kiI.I «ulllcn tn Innd the atlarhliic >|irlne 
(reiJiiclnj! the rul,lH.-rl nn nsnoiinl Vnown In uilvnno. 
anil which .x.ul.l w found without awliw.cl fuiul.llni:. 

II U clearly evhlent that all oar bearlly Ulliuded 
• iiitlt.m can snove without Htnhilixlnit and onlllatliu; 
lira: tbt, tiroof l* that they do it. But wilb tin-., flto 
and under the ini'lldni. uientlnnr.1 they wotslil have 
an Indc^lnicflNc hlnhllil)-. and eonUI itdvniiee Ktralirht 
ah.,ail with all the >|«.-l that Ibe powerful motor. 
the prem-nt day a.tulil ud.e thens ltc*ldcx. tb«'re woslNI 
In. tiMtl.liiit to prevent putttm; „r i|h- cur Mimcleutly far 
from the en,«.|,^H. of a balloon lo avoid expludorsH. It 
uoutd atllll.T lo Isnkc the cur n seeo]„l rUh Hillllnst In 
viinirany wit I. the former and hcluw ll. o,,r ,,otli..r 
1» iHii.vtnoHl thnl under tlieae codilltlon* <-f alnohite 
stnl.llll) II.. vrl.H-ity could he lucre.*.! to u ....n.lder 
ahte , 



Caaino al Ink-flak en 

A xpri'taesi I. ninforeod eomele eunatrncll..l> ik the 
new Ta*ino Int.rUken. and tliU tumlvomr boil.|,„ e 
alMindanth |,n.v,» that thii meU„aJ <lom not ejtehs.l.. 
UTeiit iireliit..-t.iral ornanienl. II Ih constructed , m Ih.- 
ilc-nD,.|.i,|,ir. .y.leir,, and hu n ntaln liall with stage at 
end ami wmtinf r,».in for «M) pto^sii., alao other 
in tin way of reelswrant, .ite. The hall 
ha> a roof „f 4J feet width made up of reinforced eo.H-rete 
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Two viuw iic*. 1 wnn in TiktJiiin, which ha« naturally 
cue "f the Inwuliful location* in the world. The story 
of TiMTHunu lt« Point l>cn»rHn< Park, hurh above und sur- 
rounded on three sides, by the wonderful waters of fujpti 
Sound A I flowinc or cM»r« tide tho water, rush «wirl. 
lnK with » jmscr that auvRinu thii rapid' of SUeum. 
Tresw scvvntl cintnrim old KTow in tho pork, etCHlilip 
»"Un Hlld fir and hemlock. Yet I Ivcard Iwo citixcitn 
of Taconuv advocatinc tho donation of the wonderful 
park to the United fcUUs, m eroimd. for a penitentiary. 
"Wo Ain't uare for old trees and Ann vleas." said one. 
"wo want to anil tobacco to the soldier guards." Hap- 
pily this desecration im not [wrtniltod. 

Kcsi) beauty oonta little. Tho most beautiful things 
in all the universe am alssolutely free, the stars, the 
color of the sunset clouda. tho linar-frnet on tho tree., 
the hrcakint! of vara on a snore, tho iHidding of tho 
trow ami tha blooming of tho flown* tn x|irinc; and 
no with the cities, tho most beautiful places I know in 
tho world have not bcoo made »o by tavidi expense but 
by inl.lliitiut earo. On tho otb.T band. tlie value of 
bounty in so croat that men and women arc williiur uj 
n|K*iid imtni'is-o sillun for (ho jnun. 
In-l tlx pan* on from ln-uuly to htullh. 
Without vouchim; for tleir aii-unov. I quote the 
following Hal from tho (Yosus U.inwu Itcpurt for Mill: 

HOUTvMTi statistics. Iv< l.isvj 

Seattle. . - K H 

tlov.laml 13 -H 

Snn KrHnoiaco. IS .2 

Denver 15.5 

Wuehlrofton IH.7 

li.ica»ro MS 

Hulliinurv IS. 4 

It.., ton IT 1 

Isw Angeles U S 

SUIIwl 10 '•' 

Duluth 117 

» City 



Kt. 

Buffalo. . 
Now York 
Cliievuiiau" . 
Philadelphia 



15.4 

It ft 

15.2 

Mi. 5 

16.6 

H « 

Milwaukee ••■ 1' -9 

There u tbu city of Heattlo whuse doath rutu u only 
K.X or 3tl per cent tiettor than I'lc to land. Tlicro will 
1*t thii natural instinct to nvnkii oxoniao*. to ujiKunu* that 
. ravorably looatvd, t4i <l»ny «• Uw inU'U 
effort thia wonderful record of 
Soatllo. Somu will maintain that Srnttlo, Iflnu further 
north and on «alt wator. ou*ht to havn a brtbr n«»r<l. 
1st iu w«. wlw.tbiT it i» loeaHan or tnb'lliiptm. LunAin, 
Riurland. U lurthnr north than Seattle, la nil wit walvr 
mul h»» a nlniilar rllntate to SlwlOfi. but in 1738 tho 
lilrtll* In londou wito I6,«ll, lh». .leatlw 27.5K1. 

Seattle is a younRer <-i>y than tleveland. tlwire art- 
fi-wi-r Mil iw-ople. ntortt inhahlUuitu in the jirime. of life, 
then*** the w»w death rate. Th'n l«> aranuvl. but the 
ri'iil U^t eoliie« wh«n wo oheok the deatln of ehililn*u 
liuili r llv« yearn old. K.«ittle , » rate ih the. Went iu tho 
world. The lit] I Coimus Itunwu ro|iort itivi* (1ev ( w 
land'* ibwOui uiwler Tim via" of *|fi an :il-l |» r rent 
of the Uital. awl KewtUe'ti as IH.t |ier oent of tho total. 

Kortv year* airo. in Miinirh. Uavarla, the death raUi 
aiiproaehiHl 4U I>er eeot of birtlia for ehildlM-n under 
one ymr of aee; in 5<»»ltl« tbu reeerd in umlor 10 |ht 
eeot for rhlhlren under five yi'tifi- of ape. The Si«ttlo 
rate in f»t apim-aobtt 8 |»T eent.' In tllii m»t<<» of 
life mid dililh I bold up Seattle ae an eiample of what 
mil l« alliillkil by knoaledp:. faith. i-i»uni«o and poaer. 

A rttv eonaiaW nl |i"iple ami aim of hinWiaj>. The 
»..rd 

of |To|»Tty 
this re»itei:t? 

w lio*«i firi- owinc to rxrvllent preventative ineamrm, 
is imly JU.Ot l*** il'habiunt per annum. Cleveland'n 
loai in n-ixirUil at $2.»3' or 0" timiw greater than that of 
mi" of the Kwiw eitie«. and thii doea not take Inlo aeeount 
Uie lo«(, „f biMimai due to lire", nor the eoM of ftri. ,le- 
pnrtiiM-iit^, which an* paUiatives. not renvKliei. 

In ik foiirlii'l* yeurV tinidine*! in variiKm KurotH-an 
i"iti<«. | kh» only thn.e firr>. We ( xeel in ihe Work 



ritv eonaltlWI Ol |"^ipie ttiei mir*t ui imiviiii^n. i no 

I lirullh. ill a larce *i tw\ applne to tbu txinservation 
ro|HTty from fire. How <l«e« Oev. Land ataml ui 
B»|ie.:*t» 'Hlen' "To r'»»l « i « ,d » 'no World 



*AI»Or«4^ frein ail Mldna nellvi 
||< t!U..vv«io>d r«ieuwy ^Vll. I'JU. 
. el 



liy Ilitrringloii ICuivrsuii 

of lire extincuiahliKllt lint what we mailt Ik liti' pre- 
vention, ami our itudio* and the expeneiKv of ollwer 
groat world ritiea ikhow that the fire lota ought to lie 
reduced to about »0.24 per inlialiltaut. 

Tho bnat eivv, virtue >» ll.l..ll«ence. What u , lm 
of nml elaaa intcUurinee and tnainirvr worth eomixarrd 
t«i llio average man? Why are Denmark. Norway anil 
Swed.tii ri.h ami K'earacua. llondurw, San Hal Tad or. 
tiiuitaiuala imhw? Why liave property valuea iliHilib-d 
in tlx. Ilillipjiisnl in tlie laat firuaol y«oir«? In our 
aixraal work of human rflleloney, wo have in many rmwis 
found no difficulty in brincing up the average effli'ienoy 
of a thouaand men from W per rent to 100 per eent 
without diarhaTKioj; or harryinc any of Utem. 

Itnue'inlver that I am Hot putliuit up any luak that 
hua not already lwen attained ete-whervi. Human Sii- 
telliffeDev is without limit and tborf u ala-ayc mure aliilul 
than there ■> hebind. 

The next fundaipeatul Ih iivorality. rrlialaility. 

It in fur oanirr Vi Iwild up ll>o morality of a my 
than the morality of individual*. A ii'rtaln niiinl>T 
of pinple arc lu.ro wieknl but even they are ww-knl 
only n ranall purt of tlie time, and in a model ei.y even 
tluwo |Kii.pl* would either lmh*vv, leave, or lm <»i«U>.||ed. 

The m'xt and laat funduinantal ii indu»lr>' 

If auwuunuila Imth n«l and piraoial wnv, on the 
aunic bu«i« every where in tlvu Uniliil States, tliey woidd 
bv raMiiiwrallve, The averaice valuation pvr inlial.ilant 
or |kct voter or per adult above tho »«" of lh iniacht bo 
U90d- Ameiwid valuation i« an indieutiun of relative 
standing, aariaga Imnk dopovita ari» an milKatiun, bank 
eloannini an an Indication, tho per capita antounu of 
internal winnuo lax paM intoxioanta and tolwro 
are negative indieatMiaa. 

It in dlflleult to ffive beauty. Iu«ltli. UitrUiiienee. 
morality, indiutry » money value, liut would it be worth 
one dollar a day per Inhabitant to nxool In all these 
napnott? The yearly fin, tar a city the nine of Clove- 
land, would be rJX.0J0.nX at W.10 a day in one year, 
or at a dollar a day » lujreo It would be f2l9J.««t,f««l. 

That .vim may not feci that I Ivavo overdrawn tho 
poauibiliuoei, [ iibajl aire you the dmeriptlon of two 
conununitius, one UrlUsh and omi Oertnaa. 

Tlie Inland of rUtrmuda in 701 miW from anywhere, 
out uf the path of nil stnam linoi nxoept thoftt from 
Halifax to the West Indies. The Inland has only 20 
aquarc nulen of area, of which :i,00u aert* are under 
eultivaUon. The island baa 20,01)0 iuhahitantn, two 
thirda AoU,red. Tho Mand in IU roadM, an aoll an lu 
naturul iceni-ry, ia a drvam of bcanty. no mom beautiful 
plai n In all the world. Iu liaalthfulnoM In very high, 
ita inuUicenee unumial, no illiteracy, iu morality ho creat 
thul there in praetieaUy no rrime of any kind, and ita 
lliduntry Much that it niipporta witliout poverty 1.00C 
|ieople ja a r ^uare mile, 1 H to the aerc. 

Ohio baa coal miive*. lien Ivetwetui the icri»t lakt-« 
awl the Ohio Kivcr; ia the rreot central Stu4e lH-twi«l 
tbe Kiuit and Went, b nltoKethi^- one of lh»' U«l Htatrs in 
the whole Union: but if Oluo hod tlie namo relalJvo 
tiopiilatioti a* Heriuuda, it would have ItMNNl.tHKI in* 

lllllotAUtft. 

Ah my neruml oxnluple, I "ball iploU' from T»« .Vrw 
.Vluii.muii'» review of Kredcrii'k V. tlowu'n book "Euro. 
|wan Cittea at Work." 

"Miwt |Veo|xVi know iioa-ud*>'e that it in p> (liumaJiy - 
that paradox of one of tbe heat educated, lllovt en< 
Uch(cni<d and U|>-lo-date |n.«ipliw i>r tho world, yot Mill, 
for the treat part, under the thralilom uf a «UHde«polie 
nemiireh and an umiurbod ni|uin-areli) — that wu muni 
look for the moat strikinc oxajniK>« of "tale Boeialum; 
hut Mr. llowe'ti Invik will be a revelation lo uvo«t readers 
iu to tlie development and progrent of the Cierman eltie». 

"tlirniaiiy alniiwl alolvi^ alniknj; Ihe eivilited nations 
mum the city aa tho pernuviveill ix-nter of tho rl> ilixatien 
of the future, and lli^nuiny alniont alone u lniihlia4{ 
lier eitica to nvake them c,'iitrihute lo I lie huppine»i, 
health, and »elH»<n* or the p.H M> le. Thia io-iiu to In- 
Ihe iirimary conjideration with ofAeiab and eitiyj-n-. 

"VVrilinit of Duaveldorf aa a typ»<«l ewiipln. Mr. 
Howe -tatea that tho (irrman city alnw at beinc » 
nto<|ol employer. Thin town treaf itn live thounand 
clorka and workmen more teni-njunly than jn-lvate uom- 
Iwiiidk, and ffoea beyond the requiremenu, of the law in 
regard to aicklica*. aeeinVnt, and iwd ace ineuranoe. It 
eranta all workmen and employee* a retiring nlluwoxice, 
aa well aa pennioiui for widow* and orphann. The wafia 
paid rue with the yearn of service, and tbe condition* of 
work are ileteTmuu-d by municipal reieiitatiotui. Tbin 
eity goes in for all ouru uf municipal trading. The wbukt 
owl aa » gardan ally as 



U'teliaorttl. alkl in one i4 lh- fluenl lonli- in the worvd. 
The city owns a . onviilcrabU portion of the lansl on 
wlie'lv it Ntaiid*. minu- 2/itm at-n* !n-tmi|~in(l to It, anil it, 
lian net aside a vini iul fund uf over Vi,K«Ml<l"> »» workintf 
e„H.al with ahish t" »my and M\ nwl wlwte. while it* 
iniwim of ex|m,priuliini and it» la.ve on iivmtu-nl. 
value* make Mr. Lloyd Gi-irtte'n wlu-me* »ptn-»r n— 
nctioiiary. The eity t>wn» the Ininei. ew*. iJortrii ity. 
ami watw work*. 11 o|»f»ti-» a iiiiiBicipiil mortiracsv 



*).l»«1.0ll«l b> [nviple of nmall nuiuo for the pun-liaeui 
of their lioumvt. It him lnuih buuww for Ita own w.vk- 
piviilile, a hoove for unil-nrrli-d |nsiplc: it hae one or two 
municipal reslauniiits. earrica on a wine bu»ini «i. a k.v- 
inev Uuk. a munieiiavl pnaii»hi>|i. ahm a h«ul aid ■tetwrt- 
nii'llt, wb.-re mlviec is furoinlicd fni'. It maintain* sv 
in.r|i« of t-iichtnen phvsuiaibi to eive gratnitiima iktvico 
u> nenly )«Tnons. while it han iinmeroun lniui»-ipul 
ho-|ill*|M, iutlrmuric*-, namtmrin. and nurviivg liomcn, n-i 
well an all m-mlmiy of pracliiwl mwlicino atUH'lied to tho 
priiieiiol boepital It owns and maintains a fin* tlnnlur 

aa well on a icn-at col rt hall, it mpinirln a nyiupliony 

onhentra of sixty-one rJiiyim. and |»ovidc» niUNe-nl 
direction. II alMinuontainnatliii nrtsitallcry , u iiium iilii 

• if natural nciine. and Mnlory. and u wmloRW-al eanl.n. 
nil of thiw a«erri»n Inimt eiarp'liHe.1 with the .,luesv- 
t.lolULl ►..VsU-lii. A few yearn a*o live <-lty lliv r*tiil Hoitii- 
(.tiini; ever thm-quartcm of a nullion nli^liivr in the 
••1-irv-i of an induMrial lunUTtakiim nf a prolltalile nature 

• •WiUfhil will, th,. rttv. A* inieht be Invaitincil. lu 
i •■'M.tndw-a in Ian-.., 1-Hi.tt >n tlw »-«W «•*•-»» '■> 
*»«l,<-J0. hut „o kw than t>7.3 1-t Ml of this i 
-* 'nduvtrial undertnVuw, an'' aKalivst th» indH 
«•»» ' ity poanaae. assi'to ex.wdilK tMIU-»ja» m value 

Altbinuel, », mild, .pace ban here Uw. A.vK-1 I" 
l>u«a,.|,|,n-f. It niurt not lie tlwwl.hl th " '* 

unique in u,e divinity of itv munii-ipal undertakinei. 
or the nuec«a with wliveh they arc adinini»t«r™l. Mr 
Ilowcn book shows us that in Ibet* r«speeU it H eharai- 
teristle of all largo flvrman eitioa 

"The Gernian city is frve to own alm.s.1 aiivthinl!. 
fn* lo nmtrvil the Individual and bis profn rt) , fn* vi 
borrow, freo to rxperlno-nl, frei* to di velop as it willn. 
Iu bonds to the lUt" ri»1» no liirhtly that It is alnio-t 
uiiconKious of iu chains The eitiseu is n subject of 
the oily, just as he is a subject of the »t»tc nnd empire. 

"CndiT the laws of the .tale tlm Ocmusn eity e»n 
■hi anythlncT it In not expressly forbidden to do. or that 
tlin etmtral administrative nothoritlen do not fnrliiil. 
tlenerally slveakini- it ran uVi an) thine an Individual can 
do." 

The tlirmisu eity ia tl.i jimtilrcalkm of the ex|»rt. 
f.ff It is cuvemMl by <xp.n» who dcvid... th.-ir lives i» 
ttut pntft-SMp-'t.. 

*'M«n titvicsn^ ili*-.n»,tl\«* f«r iuli»inii»tnit>on 
»« thny <Jo f<f th** Uw, nwHtriHrn*. <«* tuiy other pr».r*wliMi 
Tbry take nv**i*l »'o.ir«"'« in the umvvnJlMfi or t^x-bnir^l 
w'tMHils ft. ftnaw«-» f «i«iiiwrin^. town pluninnfr, 

«M,tn'*tHiTi. -X" fc*uiutli-ii. On crndunti'in ihvy <H>mpet*- 
for a muiiW-ip'J P 1 ** «**»««widftl"*. Siiw- 

timi* thi-y *mi*T tlie itcnrnu.. tit r-rvii«o fmn. (In- otty 
iNrUfwil *,r ttvt' el*** fivil *aminii.tr4Uon, or tin- riirv.f,.— 
win .«f law. Thry rtw fn*in unit |»u«cit*»n to nitttUur or 
I>mm fn>m pity to nly mtt^-h xx a I'tprjo'iftun nr r-j>-/,^ )P 
in tliis tutuntry nw\t* from \Awv u> ]>t*ra*. \q tjiiu* ttWy 
lii»I>t' t« Im^onii- ItunroreuwUT, ftihi if thfiy mnkv a 
iu thv'ir Hty thi-ir rrjiuutiim \* known M ovi r (I<rmAu> , 
TIiik (« trtMi i>/ lb« lMire.ii»iiwt*T, uf ui«iHlM<rv of Uip nui^ritw 
tftttt- or aMlnillikfltrativc •■•Mini'il, uiid of tli-t imps»cUn( 
)>vrnukiHfii v t.n^nub e«'mrally. . . . 

"In Kslary, in mm^mJ |»ni||nii, in |Mimr and op] M xr- 
Iqinily. id* *» 11 a.* in inmmttnii*> uj u-iturr, <.i>rniHiiy bwt 
pruvldiHl m tUt mKvnwtH nun of UAv n I and ahUm 

lo I'ity luliniuiiLirMi-iin. . . . 

"i'lwi li«i»i|t-.«M ini'ii who mli' thv (Iii-iimd <-ity arrt 
not th*-' smuil *bopkwp<T», uk in Grwit RhUun; Uo-y 
an. l"^ 1 Imnl.*^*. nu-rfhatiU, n id wUln M^iilnliin. am] 
jtn<ri*ffrnminJ mm. Tbrj- furni the rul.oK t\*t*. Tin y 
rJwt tho ruuntH! whjna in turn tUvto tho bunpim»»*t.T 
ara*l moinh-nra uf the iTMciittrat. . . . 

"l>c*pite tht* |robtlriii powr of th« biiinDrfK* mrb, 
tbey do not ]*jpsl&tc in the inWfMt of tbttir nlaw. w thvy 
do in Amfinoi.. Thai it ohm of tho aiiomalio* r*f Gtt* 
many, fur I kirn*" ot no othev country iu Uio vorid in 
whi>~b thin i» tnie "... 

Civil «iTvhr*> in a dt'lutJKid, Tfimm uf of5.vt d'x« f«"t 
itmk« <-itifc,>n* nth»T tKwulifid. !v*l(hy ini.-MitivrL moral 
or irwIiutrioUH. It may Imxt c,w liy th<* ujipoMU' «'ffi->t, 
it perpetuate inoooipvtency. Soin* uf tbr tao*t in- 
«.« twtJiooiril •wTTiiw 
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ineiimbcnt* Ln Waahingum. Among many of them It b 
not good form to bo cither intelligent or industrious. 

A oommiMkia form of CDVcranwct? Thin may bo 
* diftttnut slop backward. An hon«tt, competent com* 
mission may bo bettor than a disbonnst mayor and tn- 
oompetrut board of aldermen, but to substitute a col- 
Uetne executive for an Individual executive is u> weaken 
orto of the funilamecital principlos of organisation, 
namely, loo allied rosjionstbibty and authority. 

The beet form of organUalWu in tbo world u found 
in modern marine survWv, and n*xt to that u a groat 



modnm a (Boo bunding, whi<-h is probably evolving tbo 
future city typo. Tbo administration of a great office 
building, like that of a great ship, in simple and micctwa- 
ful W«um there are a fi>w definite aim* and idaali 
and ererything cUo is made subservient to tbum. tn 
both casus, w* ha>o a competent bead of the line, villi 
full rtu.jMniKil.ilHy It. i» aummrided I <, a stnil h< 
eould not ft*r an hour perform nu duties without staff 
help, and the staff and line together carry out tbo work 
Line give* the skeleton of adnutuslration and authority. 
Staff give* iiuhuBtl knowledge. Lino without staff 



never has sufficient knowledge. Staff witnoot bw< never 
ha* orgaoi*al)"ii. Staff onrmapondi to a dictionary, 
liti.i i*i ti> • pi hi \ • -.i fc.TnjiLii.iir. TIk pnn'tit-al diffieulty 
with unatajidanlixed men is that tbo line think" it has 
knowledge and the staff think* it ha* authority. 

Tborvforo Uii> thriw practical requirement* fur g>>od 
oily gotenuuenl ore: 

High Ideal*. 

ICaxUiiiltli Standards, 

Thvir AUainnient 
through a strong administration of line and Htaff. 
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i^Mcrvcr in lite Auditorium «noko or .hcmtoil or riappotl 
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I WATCH 



bin hand*. Both echoes and rcverberulioiut wore present 
and onnld bo beard in all purl* of the room, though tin* 
c-hoea snomnd to i»o strongest on tbo stago and in tbo 
I .ilii-ny. Tbo pros port* for bettering tbo acoustie* 
wore not very encouraging, Luekily, the cure fur rever- 
heration was fairly simplp, wince. Satan* '* method gavo 
a definite procedure that eould be applied to this ease. 
The cure for the echo, however, won yet to be found It 
was first neoeaaary V litul out which walls net up the 
defer t. 

The attempt to loeato eeboea by generating a nound 
and listening with the ear mot with only partial Moohs*. 
Tbo oar in sensitive enough but Iteeonuw oonfusod whi n 
many eehoea are preaent, nomine upparvntly front OTery 
direction, no thai the evidence thus obtained is not alto- 

ooocluatTe. It became apparent that tbo 
ful solution lay in fixing the attention on the sound going 
in a particular dirortion and finding out where It went 
after reflection; then tracing out tbo path in another 



partioular direction, and »• on until tbo evident** obtained 
gave some hint of the gv»»?at notion of tlun suaind. 

The first *t**p in the application of this principle was 
to use a faint sound whk-h could not be beard at any 
great distance unleaa reinforred in *•>»!« way. Tbo ticks 
•■f u wHt'-h wi>n> d tree ted, by mean* of a reflector (Pig. 2) 
to certain walls auspeoted of giving eehoea. Using the 
relation that tbo angle of im idenee equals the angle of 
reflection, the reflected wound was reaslily loeatod, and 
the watch tirk» heard distinctly aSttt they had traveled 
a total distance as great as 70 to 80 feet from the nnuree. 

In a later experiment, a uutnoit>oH< sv mod whsch 
gave u Umd-r wonid. It wiu cn-li^.isl in a M^und-protrf 



rig. 2. — Watch as aonrce of sound, backed by 
coacave reflector. 




rig. ». — longitudinal aertlon of auditorium, 
sbo-wing ihr chief eancentratioB of sound, the dif- 
fraction effects being disregarded. 




Fig. 6. — Longitudinal hit) Ion. slii»lng how sound 
is returned to the Atage to farm aa echo. 



Fig. 7. — Longitudinal soclmn sbo»ing formation 
of echo on the stage. 




Fig. 8.— Plan of auditorium, ■bowing Ktion of 
roar wall on the nound. 



Fig. 9. — Plan of auditorium, abuwlng concentration 
of sound by tbt rear « alL 



Flg. ID.— lhls figure, taken with Flf. 7, taowg 
how an echo Is oe( up on (fco stage. 
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structure (Pi e . 3) with only one opening.sn that the sound 
( .ouId be dUrectrd hy nnu of horn. This nuthod <ru 
*ti*-¥c*tcd by the work of Oustnv I.yoo in the Hull of 
tWP Trocadero at Paris,'' «bm a somewhat simihir 
,»rr»n4.-, irrltot WM llBwL Th<1 mL . t i lo<1 wu a^rsjesjifnl 
*°1 v *ri«lwl the observations taken previously. 

Though tbi> results obtained with tho watch ami 
rortr< motIM) ooorluaive, yet the olwcrvcr waa not 

nl»a.v, confident of to* rveulta. A further method wu 
e*>uglit Mui a more satisfactory one found by using an 
alternating current arc-light at lb.. focus of a parabolic 
rofli-rt.ir (Fi,,, 4,. i„ addition to tho light, tho are cave 
forth a hairing sound, which was of ,h«rl wave leneth and 
therefore ejpwieoeed hot hub. diffraction. Tho huD.ll.. 
of l«ht rays w». therefore, accompanied by a bundle 
.if aound, both .-uming from Die same source and subject 
I" (lie Mine Law of relWl i. .n. The path of tho aound was 
easily found by noting the position of the »pot of light 
on the walL The reflected Miund wan located bv apply- 
ing the relation that the angles of meldeoee and reflection 
are equal. Tho are-light aound waa intense and gave 
the observer confluence in results that was Iscling in 
Ibe other method,. To trace sucecsaiv e reflections, small 
mirrors »ere fastened to the reflecting walls w. Unit Ibe 
|»lfa 0/ the re*».t4«l sound waa indicated by the reflected 
light. A "diaKnoshi" of the acoustical troubhv of the 
Auditorium was tluui made hy this method. 

II should be noted her* that the arc-light sound is not 
the MB! as Ihe sounds of music or speech. lh>»o latter 
ones brans; of lower pitch and of loner wave length. It 
was. therefore, a matter of doubt whether the results 
obtained would hold also for the ease of speech or music. 
Tests made by .ihscner* stationed in the Auditorium 
when musical numliers and speech. 1 * were rciwknsl, 
however, v. rilled the general cuiiHlnkina obtained with 
Use are-light. 

It should he point. si out in Ibis ".mic tion lint then- 
is an objection to npptying the "ray" method of gvo- 
metrieal opties to Ubt ease of sound. It is much more 
difficult to get a ray of sound than it is to get u ray .sf 
right." This is due to the difference in the ware length* 
in the two eases. It appears that tlu. waves are diffuse ted, 
or spread out, In prouorUoo to their length, the longer 
wares being spread out to a greater eslenl- The abort 
warns of light from the sun, for instance, as they come, 
through a window mark out a sharp pattern on the flour, 
which shows that the waves proceed in straight linos 
with but little diffraction or spreading. Far different 
is it with the longer wsns of sound. If the window is 

" IA Katun. U-srial. April 14. I WW. 
" RajliSgHThooorof Muun.1." Vol. II. 




rig. II. — Perspective of stags, showing recusing 
action 04* arch on aound. 




open, we are able to hear practically all the sounds 
from outdoors, even that of a wagon around the corner, 
although we may be at tho other end of the room away 
from the window. The longer sound waves spread out 
smd bund at right angles around comers, an that it h> 
almost impossible to get a sound shadow with them. 
Furthermore, in the matter of reflection, it appears that 
tlx. area of the reflecting wall must Is. comparable with 
the length of the waves hong deflected. In Hie -sum. of 
light, the waves are. very minute, Hence a mirror can be 
very small and yet Is* able to set up a reflection ; but aound 
waves are of greater U.nglh, the average wave length of 
speech <« em.) being about "HO .000 times longer than 
Hie wave length of yelluw light (.OIIuTMi em.), hence the 
reflecting surface must be correspondingly larger. An 
Illustration wUI perhaps make this dearer. Suppose a 
post one foot square projects through a water surface. 
The small ripples on the water will bo reflected easily 
from the post, but Ibe larger water waves pass by almost 
as if the post were not thee.-. Tho reflecting surfsss. 
must have an area coin|>arablc with the rite of the wave 
if it is to cause an effective reflection Ksiiof work in 
auditoriums, if of small dimension*, will affect only the 
high pitch**! sounds, i. e., tiu*u. .sf snort wave length, 
while the low pucbod sounds of wave length are reflected 
much the Karne as from a rather rough wall. It is also 
shown that the area of the reflecting surface is .k.peujdcnt 
on its distance from tho source of sound and from the 
observer; the greoler these distance* are the larger 
must Is. the reflecting surface. 1 * 

These coamibra terns all sli.es that the reflection of 
sound is a complicated mailer. The diinenumus of a 
wall to reflect sound, or of rebel work to waller it. are 
determined by tho wave length and by the various other 
factors mentioned. It should I mi said with rauthsn that 
a "ray" of sound is reflected in a definite way Irani n 
small bit of relief work. We must deal with eus-tlr* of 
aound. not too sharply bounded, and have them strike 
surface* of considerable area in order to pnslucc rellee. 
tsons with any completon."**. 

a. uKrsiijv or tub acoustica*. stiavar ix rug 
AtrtitroBltiM- 

The gcr*Tsl eff ect of the walla uf t he Auditorium no 
lu.Wcl.. nan. an. 




Fig. 12. — Perspective of atage, showing focusing 
action of second area. 




the sound may be anticipated by considering anaUvjp'u" 
caste In geometrical optics, but with the rmtrletion* <"J 
"rays" described in the preceding paragraph. The sound 
does not actually ennflne itself to the sharp lwundari'-» 
shown. The diagrams are Intended to indicate th* 
effect .»? ihe sound in the region so bounded- Fig ' 
five* such an idea for the "itseejilrauon of sound in tr>« 
longitudinal section of Ibe Auditorium. 

The plan followed in tha experimental work was to 
anticipate the path uf the aound as indicated in Fig. 
then to verify the results with the are-light refleciAir- 
Figs. 6 and 7 show tho effect ot th» rear wall In tl>« 
balcony in forming echoes on the stage. The spent-." - "*' 
was particularly unfortunate, being afflicted with no Isravss 
than ten echoes. 

The hard, smooth, elreiilar wall bounding the misii' 
floor under the balcony gave echoes as shown in Fig. >*. 
the sound going also in the reverse direction uf tli* 
arrow*. 

A more com prtihonsi v e idea of tho action of this wis. 1 1 
is shown in Fig. 0. This reflected sound was snu.fl in 
amount and therefore not a serious disadvantage. 

'PI uses eiu-d wero fairly easy to determine mIik-*' 

the bundles of sound .s.nsidered were confincil dieel.v 
I., eitfa.-r a vertical or a horizontal plane for which afmaj 
pLana of tho building gave some idea of the probsilslc 
path of the aound- For other planes, tho paths follows •«! 
could he anticipated by analogy from the results afcren. l.v 
found. Fig. 10 show* in prrspcctiie the dnveiopnicli I 
ot tha result os pressed In Fig 7. 

A square bundle of sound starts from the stage anil 
strikes the spherical surface of the dome. After reflection, 
it >« brought to a point focus, as shown, and spreads ■ >' t 
until it strikes the vertical cylindrical wall in the rear 
uf the huicony This wall reflects it to a line focus 
alter which it proceeds to the stage. Auditors on nil 
pnru uf the stage iHimnlaiiscd ot bearing . chocs. 

RcfiTring to f*lg. J, it is seen that the arch ov.r the 
stage reflect* sound bark to the stage. Fig. II sb..»» in 
li'-rsnoetlve lbs Ionising action of this overhead arch. 
Fig. 12 show* the effect ol the soeood arch. Some of this 
sound is reflected to the stage and to the seats in front 
"f the stage- other portions, striking more nearly liurt- 
«"ri tally, arc reflected to the side balconio*- Tie. .ebms. 




Fig. 1.1. — Iraasrerse section of auditorium, show- 
ing how moat pronounced echoes are set up by 
Ihe two concave surf aces. 




Fig. 17.— Parabolic reflector, ahowing its arlioa 
oa sound 



f **V^ *T • 

"V"*>~- .-*** ' 

**•* " *** _AS 



Tig. !«.— Hard plaster relsctor and pulpit. 



Hf- Is.— Urge parabolic rtflactor. 



Fig. It. — Canvases hung to eliminate echoes. 
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wo not itrvnt ex<s>pt for high pitched notes with short 
wave loOfllis, since the width of the arch U small. 

Passing now to tbo transverse aeeliim. Isf. 13. we 
find the mot pnmuuauwl eehisw In the Aqilfalll.il If 
an observer e*in»sratM a sound in the middle of the room 



concentrated by rnnWtioa front those nurf*oM and then 
pAMed to a second reflection from thn concave sarfaeea 
back of them. Auditors in the side balcony were thus 
disagnsiahly startled by having sound < 



dirss-tly under the center of the skylight, distinct echoes 
ore set lip. A bundle of sound to lhc csineavsj 

nirfaee which cuvi rgo. the sound to a fis-us, after which 
it spnsMls o*H again to the other concave surface and U 
again eonvergs-d to a focus nearly at the starting |s»int 
Ttie distance travel*.! in alsiul ii'i foci, taking about M 
scs-ond, no tlial II*' .oivduisms an- ritriit for setting u|i a 
string o-lm. This echo is dupls alisl by the sound which 
gis-s in tbo IMM of Use |nth fclM <lc~-ril»sl. Aimtli.r 
who, sontcwlial loss fclnuig, is foniusl liy the sound that 
gi*.« to Ui' 1 dottle overhead and wliieh is p-flo-psl atm.cit 
•Insight lasrk, once tbo observer is nearly at Uic OMttOT 
of the sphere of which the dome i« a part, Thsssc ccbis-s 
repeal themscivos, for the sound docs not slop on reach, 
irig the- starling |M«nt hut is nUlected from tile Ihsor mad 
repeats the action ju>l doscnlied. As many ax ti n dis- 
tinct echoes have b.i-ti p iterated hy a single impulse of 

-.Ull I 

The is-ho Khown in Fin. 13 is n-|srnli*l in a somewhat 
m.sliriid form for a sound generates! on tlie stage by a 
K|s-uker. Kit;, 14 shows the path taken by the Hound. 
Tlus who >. dedicated hy the sound that guea iu the re- 



bead fr. .ill i I in roar . 
c. co*c'LUalo* dkawm rnou tub AcoixaTieAL auavxvr. 

The n«ull» of the lunij show that curved walla are 
largely reapoiuilde for the formation of ssstnass Issuutse 
they concentrate the rcnVtod sound It aucms #l»tflMl. 
iberefore. to emphasise tbc danger of using such wall* 
umW their action l* annulled by absorbing materials 
or relief work. Large lialla with eurvivd walU are almost 
Hiire lo have ueoustnal defects. 
D. UKTIIOIM KUrLOVKD tu IMMHive TBI Ai-miarirav. 
rt>jt?erti«sT /lnurii,. -The provisional euro won hnnitxht 
aUitlt KTadually by tryiiut diffen-nt ilcvinot MiuyiuUd 
by llt»< diatrnoeiii. In one attt of ex|ierinaenui aouodituT 
Ikoaribi of vartoiM aliApea and ftlAes woru uisl. A llat 
board al>out five fas>t aquaro plana] al an iitclim* over 
the position of tlie K|icakcr produeiil little erTe*-u A 
lai»n eanvam mirfaoe, about 12 by 21) tali wan not 
much bettar. A par&bolie raslnepar, (Kig. 113) however, 
rave a pronounced effect. Thi*. ruAnelor waa mounted 
ovisr a pulpit at the end of the stage and served to inter> 
"■lit much of the sound that irthcrwwo would have uone 
to the dome ami pnaltwd enbiaw. Tlw i«allt of Ui» ro- 
und wan parallel to the alia of the paraleiloid 



•quart* feel in area watt Installed, 
from thti akylieht in thn etiilinr 

present that value waa reduced still more, and when the 
hall wan emwdtal at commencement time the reverber- 
ation waa not trauhinsome. 

Vet-nod «/ tflien'nalifMi IfrAesi — lUlhixtch the Utile of 
rentrleTullon wan retliwavl to bu fairly i 
just nxplainod, the ee.hoea still persisted. I 
anno vine Attempts were made Ui n.!n > 
oelioes by ttaririuis eotton flauoel on tint wa 
point*. Thus the ttltatlml aroai in Fur. U i 
and also the entire rear wall in thu balcony. l*rt>u"uncol 
eelioas still remalntHl, and it was evid.nt llvat nottU' draatie 
iu-lii»ii sat rteeooAry in alUtVtate tllis eondititoi. Fi«ar 
laree eanvasatst, shown in Fin;. 19. were then Itmii; in 
the dome in ptetitioos nuor -K«J by the resulla "f the 
dtaifltuHia, A very decided imnrosoluetH followotl. Pur 
lite first tinu' thn mtluHM wsirst reduced to a marked dtsrree 
and s|ieakm on the stssrn could talk without the usual 
annoyance. This arransreiotinl eliminatesl the echo™ t»it 
only on the *Uik*e, but KeMertilly all over tlie house. A 
number of minor echoes sssjfs still left, but the conditions 
were much improved, especially when a lartfe aitdieauti 
was prevent to resliwe the reverberation. t 

f'rnnosnf fisuvl Curr.— Tllti aUta of affairs just de- 
scribed is the condition at the tinu of wrilini;. Twt 





Fisj. 14. — rcrsperiive showing hew an echo is formed an the singe hy two 
reflections. ItitTraction effrrts are not reasidered in the drawinc. 



Fif. IT*. — Perspective showing sound reflected f ress re 
Diffract km not ranstderrd. 



»«r<s» dirsction of the arrows, so the spttakcr is greeted 
from ln>th sides. The sound d^s-s not confine luself 
eloacly to a gi-ottwlrv-al ialt«»rn, a« shown to the picture, 
hut sprtouls out by <bffra«-UVii%. The ituvin t^T.s-t is shown 
h> libo ftgure. 

Thus far only tl 'Ikics thai riwli"! lite suucti have 

I win ilciscrilKil. OUtcr tsdwsa *cre fotind in other lauts 
of the ball, and it Mooted that few places asa-e free from 
lhv>in, Tlve side walls in the balcony, for iuslancc. v.ere 
lu-trutnental in eimrtitig ttlrotic* ccIkhss hi Um» r*ur of tkie 
balcony. Fig. lo show* iu |* rsies-live the ai:Usin of ome 
of tin-., walls. These two surfaces went similar in shape 
and symm.tricnlly pla. ..l. Koch win the upper |>irtn>n 
of a etHieave Nitrfssv. with iu untie of curvature iu the 
of the huildilur uii.br tbo dome. Tbc gsni ral 



t isf the l. ft hiiTid wall was to iniicenlnile llwi wound 
ftdliug on it in the rtglil liansl ts^ts iu the Uleony. 
Some of the sound Hlrslck the i»ltlK».ile wall and was 
ritliv'.'d tsi the statge, as slkown in Fig. II. AiuiitorH 
alio m. light tin- furtbsT-nicnt rear o-uu in the balcony 
to «^-a|)e es'hsM-s asfc thn. cic-u.'tit by this uuiixpiieteii 
■UiM id the souitd, Tbs. rhjM baud wall a. l.Nl iu u •illv- 

Maf v.ay lo send the soutul to the uppsr Ml UI y. 

Tlie ilome ssirface einic. iilr.it.-. most c< its wunal now 
the Inint of tb.. ntral |ssrtioit isf tim babssny and the 
ground t1i»« in front of the balcony in tlx' form of a 

WMk .s.oe. »-sgs. . r ». U. and 7 give son plioll of 

how u eorss ittmlUl isf suunsl is calieisl hy this splwcieal 
•urfoce. Thn is-hls ill tile fnsllt l-.-r . , of the liab'oliy 
ate. r»|M-cially distitvet. (In one is'tstsiou, ill tin. plasst, 
the autliiir •» able pi bear lite si-ok.r mors, eleariy 

fr lb. .s Iu. than by Inlcliiug to the dirsstt sound. 

Minor vsuYsk-s were act up by 
surlii^n in the balismy. The i 



of which the rolUelor waa a quartcr 
no difficulty in tracing out the relle. led sound. Audil.irs 
in the path nf tlie redistUd ray* n^ssrbsl an w ho, but 
in. .lit,. r- In other parte of the Auditorium worn remark- 
ably frssi from tlie usual troubles. Tlie device was not 
nsid iK-rmnurntly. mimw many n|srsslirsrH objected lo the 
rawisl plarfonn Morinvor, it was not a isuupU.Ui cure, 
sin™ it was not suited for bond concerts and other events, 
when- thu enure sljige was used. Another n-llector mna* 
itar in dtope pi the one (list d.»eril««l is de.wlt In Figs. 
17 and 18. 

.YatW's Vc4A«f.— Tlie lime of reverberation was de- 
termined by huhine's ntetbisl. An organ |»po utaking 
ap|in.viinat..|y . r i2t'» sihnstiotks a ssnuvil was IsVown for 
als.ut tlirs*. o-siosiib and then shipped. An auditor 
listened to ihe it..-mv-Mig tsiund, and when it dksl out 
made a nsord elis-triiudly on a cbnusograpb drum. 
Tbs. linie of resvrbmtiun was found to lui S.WJ si-e- 
onds, this Issue- lie. tll's&n of \\l sets of meuffun-mcliK 
•ssch of uls>ut 211 oliMTvaiboris. 'Hie reverltentloii was 
found also by cali-uallion fnim Saliliic's is)llatioli I **-st 

1 1 .-SHU cubic meters and calculating the alusirliing power 
of all the surface* in the nsMtL Tllis ealeulallon gave 
li t strnttd*. The agnsitneiit Isetwisui tbc two results 
is as ehsue as isail.l Is. etpeeUsl, since neither the intensity 
..f the sound M the BjUfj use.1 hy the autb.^ wa« tin- 
•MM as th.ee us.,1 by lTof.«-.r Sabuw. atul Is.Ul of 
tbes.. fa.-t.s-s alTi^'t the time id reverberation. 

Several years Inter the time is! reverts-rutiisn wa- 
again .let. riuinisl afl.ir i crUln ehangsw lustl Is.-n tnaile. 
A tlus-k cariwt hasl Ins n ,ib»-..l on tl,.- sUute. hsty 
vcli.tir Hltalna IS by :« feet in ami hung on the wall 
at the rear of the stag*, a largi 



proisssitious wen mrtddered In planning thn final cure. 
One pnipusition involved a completo remodeling of the 
interiisr of the Auditorium. Plans of an interior wen- 
drawn in aeourdanee with the nstwls of the expsvimenlal 
wisrk that would pnilialily give aauWoetorj- sveoustiis 
This proposition waa nut carried out because of the 
expense and be.-*use it was thought diairaul* lo alU itipt 
a core without elianging On- sliape of the room. The 
latter plan is the ism now lsitur followed. It is prupo«e»l 
to re.plase the present unsightly eurlaius with mate rod* 
which will conform U> the architectural foalurca of the 
Austltsirium and which will have a pleasing color selscme 
At the- same tims-. it will Is- necessary to hold to the f.a- 
tun-s which have improvest the acoustic*. 

.Vole — Sinrs. lliualsive n<l»irl «.v> i^ojisl certain altcra- 
tioiis -uggtsitetl l.y iTof . Wat^in's experiments have been 
Thstse . .insist largely in the IsuUdiiiK ut a f«J»- 
an.1 -l.le walls of ruuolile tiuUerial. following ap- 
pnixiiuately tlie origiitaJ lirsos, an.) eigbtssai inches ilistanl 
then/mm- Ths- results wsTe.-ntin-ly satisfactory', as eisuy 
sound ss now distinctly audible tbnHigbout the Irtiihlinsr, 



ant tbc 



Clazid Krosl 



Mil In 



■- hmmi ut ghisesl fnssl," I . which I. 
mi,. -si, .ssiiiiu; «r Ice fortasisl - 

dn.io, >tilk J.s ts. I ir. T. l ikatla. In the Joemal of Ik) 

Meteornlocteul Society of Japan, says: "The ssoudas-tb-ti 
and evti|s,rui|.<ii of ralmlro|« fulling thnmub hs.-o.l.l 
layers of Ihe alassssjihere will Is* ssinVI.-i ii !o ersd Ihetu 
snini) ib-gnes. below II 
,iH,s-.ir- I.. Is. lo explain why i 
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The Gulf Stream* 

Causes That Ciovcrns Its Course, and Its Effect on Climate 



\tANv theories, have been advanced to account fur 
oocn." 'tirrcut* in (Clleral and (<>r tlw. Halt Stream in 
particular. Their caiualiou ha* lmen attributis! hy 
various writers tu: [l i DinVn-nrni in the U.mp.T»lur'c 
ami density of the sea in widely separated KY.*rraphicid 
positions. f») Diffcrencs in level due to usr<|ualiti.-s 
ill different rvvioni of eva|»jratioii and |mvi|>it«ixin, i>ml 
lo tbe overflow of itirat Cli To eoiivorlwii ■ur- 

rvuts. IA) Tii tin- rotallou <i( the earth i.ii its axlv 
I.5J To the direct action of ,kisi>.U iiI wind- 
WinJ j, tn.. prime cause ..f all eurrc.u..; 



directly atlrihuu-d lo ilia afriiey of the, (lilir Stream 

In support of this liclief, let m~ refer you, in the, 
firal P W, to a chart uf surf»«. tiinpcniture uf the 
North Atlantic in order to «lio«r what cvidcim Km 
distribution of liu.*l» annuel surfaec temperature ail) 
reveal 

The rff.vt .* 0»> oollixiiwi Mf«« tin. fluir Stream 
ami I be cold Ubradur current U UM\y mut.il l.y 
lb.' step temporal ore trradici.t hum 4*1 ilct,r..« lo 411 d.- 
Now Inn-.- th* .-..ur..- nl 
,.r :«) 
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winds the motive power l.i whi.-h all IW «t.»i 
itn<ain» may tx> a«i^m'd. If auvoiw 1h> in diwiln iu 
ti> (ho fa*t, M litna plucr- (racinKt of uin\m mi wliii-li 
tlw dirt«'»i(Hi uf thr pnnM|Ni) rurmit of the hIdIw in 
tlw different monlhii or waaoru. i»f lliv v.'ar it» in- 
dlraled. over ma|p» on lh» <uine *'at.i on whi. li uir.d 
iLixU-ibn(ii>n. rofcrahlr- lo the aanu- ttifiniliM or anu«un». 
i* ^lina-n. and it will he *een how i-tafcely tln> eumut^ 
follow Mir direeUon "»f the wIimI. and liow quii'kly tiie 
former reapnnd lo . lian«e. in ttir .lirv tum of U,e latter 
In thin eouneetion the .iiune of 4*quatimal eurreiil 
of tbi- Indian (lm«ii. on thn wintern tub' r*f the Araliian 
Sen, may Imi eiu*i ax a atrikintr exampli^. Dunnr tluiw 
numlha wlwn the intrl-h-eioit nioimoon prevails the eur- 
rent in tJ.a» n«lon luna to tb« aoulbward an.l j.uiu tin. 
MouuuhU|iie etirreot. hilt an aoon as the ehangr in tho 
dim'lion i4 th<- wiml oeeum, and even Utfore the >«*illh- 
w«mC nuiiktiHiia Im tNUlhlulw^l. tho <'urrefit itwinga ruunil 
and flown in the lu-w dire<'U-in of I In' wind, t« lb>. iKirth- 

inuvenient of the 
water Mirfaefa over whli'h tbey hlow, wlliUt the wav*>ti, 
asd even tbo wavv^ita they raise, add impulae to tho 
the. »Uon|rer the wind the Reenter Ix'llllS ita 
I at the tine- Thi. anrfare movoment e«u»rd l.y 
wind b. erwluaUy imparUHl lo the water lay.* Ih-Iow it, 
and whin the wind i«-rii.l» tn the muimi diroetion for 
Uinu. Ibt! moiii>n i» tranmiittisl Irinn layer lo )ny>T ui 
a e.mp*U*aMe depth. 

whi'il niariw eo,u»t..ru4 rv«i.-iu urotaldy exun.1 to a 
depth of from &*> U> 40l> feet 

AUtwiu^h the priiu-ipnl iiirrrotK are |irodiiml and 
ouuntjunisl hy tlw a^t«m or persistent winds, their diree. 
Ih.i, I- tanply eoiitrolW by lb» rotat..«i ..f tlir earth 
on iu njit and by variation in tnmperaturr aiul in (lenity, 
also In evaporation and precipitation In different giik- 
irraphieal poaitioiia; Hut tbt««< oxnrt only xli«[ht hiewl 
modiryirc offi'eU. Moreover, us rrgarib tlie (lulf 
Stroam and it* eatwatioii. it WM four»l hy tlw. offleerx 
or the United KUte« Co«t Survey that thn AUantie 
Ciccan at Sandy Hook waa 3 to 4 twt. lower than the 
waters of the Uulf of Mexico at the mouth of the MiiHt- 
"PPi This dlffemnc* <if |e><4, whieh in aaul ui have 

ia rwise.1 by O.e heaiaiiK op of water in the gulf l.y the 
equatorial eiimnil ; anil the |x.w.r requiiite for loain. 
taJalnji the constant fi«jw of tbe t HiH Stn«m ti.roiiielt the 
Strait of Klorida rnu*l. In a Uiye iiieaxuri., lie attiihui^l 
Ui this taejvney. 

The warm.' relatively hi«h ssdinity miur allien un- 
doul.t«Ml|y ex»reiie'« an ameliorating effct upon the 
cltnuvu. ,,r our p.Uo.U aiul utein that «>f north w«^t<rn 
Kurop.. laterally U nialnly .»f eciuat«irwkl .^iiriti, and is 

'froaa a W-tw* Mfteeal Iweoo. t| )fl Hu)hl u.^wnsitocal 
br <>»ni«aa<l«r M. w. Caniobea Hep worth, o. B. 



ni.ndlaii is in H tlf*r«« north lalituile. w tin 
meridian it In Ml .liirnH^ reinh; the- imitbcriu tit U'i de- 
Krt*^, which <wi thr "*!th nicn.liiUi Ih sititatMl only a few 
mihn MNith of th.. M d«im^. ia.th.rm. on tbe llrth 
meridian is ui .-.7 <i»tcw-5 n.w1h; hut t|„. t^.then,, of 
(HI de|rn»«. which on the 'alt I. nw-rldian is in ulw.ilt 
41 ' 2 di«n» iit.nl>, reaelies the e.«»t of |',,rlii(r«l. afu-r 
miiknia a curve northward, in al^uil tbe same latitude 
In other word-, th.. Hiirf».». t>.ruperuture ..f the AlUlitie 
nd tilth luirallels. and the ^th llu .l 
is the same, as tliat which is found on 



rearion smith of the (Ireat Htuia. Is d«rii'i*l from that 
stn-ititi which issues for tl"' most part from the Culf 
of Ntexseo, or. as w»iiM> avir. i* uu indopeiident slroaui 
which tak.* iu otxrin in the fonoer k»tality, i» » ■»""•- 
tioit which muil n'main unsettled until tin. results or 
further invi-stimti..ns up- available., This, at th* hsvst, 
at. know, thut from tlw Strait of llurida uortlisrard anil 
noTth-norUi-.«.t»*n1 to l».e e.l«e of the Bank; I 
northeastward, as well as rnstwaril, aeroaa tlir . 
aisled, no doubt, hy tbe prcvailinr w.ab'riy and south- 
a. utterly winds, tlierc t.xisv* tlirouakout tho year a txm' 
tiiiuoiis dew of warm aaline. or relatively warm snlior* 
water, to the north-cssaterly branch of wbieh thou, is- 
lands owx- tnuek of thnir aalubrity. 

Tbo taluhrily of our elimau: is, of course, largely 
dun to its comparatively mild and even tampnrature. 
The, relatively sxiiall auiiual ranee of teiti]M>r»tore that 
obtains normally rosulu from our insxilar poiotion; Um* 
warmth w« owe also in a large mens lire to the aurround- 
irifr which receives mw'h of ita heat from that ocoan 
stream. tb« course of which wo have bom followiiu?, 

I wlU ondeavor to ahov yarn by means of discrsma 
the aomev/hat frequent correlation of 8ea ' 
with ilia air temperature over our issuida 
tlcvadn IOOCt-1012. In order to confine wititiu maTiii^c - 
al.lu ILmita that portson of tbe inqniry wluoh relaUse to 
Min^xirfacsi temperature, tbe Korth Atlantic ia rcfire~ 
sunusi hy a broad sons) situated bctwoen Florida Strait 
and V alcana in the south. weal of Ireland. It happens 
tliat tlie iliaiie., m surface b.mpvratore. which may l«n 
retarded as of iiremier imporunoc in this connection. 
<>« -cur In this mine, 

■ a the diiifruns relatinr to urn temperature in this 
P'lorida-Valciinla totie, the exooas or defect in tlw Mir- 
r«ayrr. Untnualiifa le e^praaed by the number of deims- 
<»t lonritude in whs* the 70 d.«rce, 00 dssrree.. and :.r, 
d«*roc i*,il,enns are earl or went of their av«rafi> limit 
f«r the monUi. 

J*lr luiuprTntiin over our (Jamls Is n^smiented, 
r'«irh|y it must he ailmitUsl, hy the U.m|i»rn«iirc reirif- 
ter...l at thrvo stations, wxhty separated: Valencia. Sutn- 
l.unrh Head, in the. Slietlands, and Kortli KhirUs, The 
curv.-n exliihitiim cliaiip.. in temperature at these plaree 
^io» departures rrom the. normal in drtrre.« Fahrenheit, 
by ni/.rvru^. to llie scaji-i alsivu and Itelow a 1 
rvpreeenM thn aviracv of numernua ol 
lute oyer a jivriul of lliuty-fivu ycsirs 
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I he rrflth inerullaii teit«.s.|i tho 4|st and 4:trd pai-alleis. 
where, the Gulf Klream and lAJtnolor eurrvtit meet. 

Xc* let iu Ms. what corrolioriiliYt' ..videw^. it eluirl 
•ti svew Militiity will afford 

In tlu- iu.rtlu.rn |».nio,i t h„ North Allantii'. live 
soilttom portion of the Uns nlamt e»a, siul ilui part of 
the Hon oH Sea wliu-h arc enehsual 1>,V the :15th ami :Kith 
iMihallniw, ar*> IIU.mI with water of the **lue salinity 
as that wliieh we find i„ tlu, tlolf Stream between l alN, 
llatu-ras and il« plain, of m.sliiiK with tlie 



fistluriv exhibitiMl in th*. years lit I i and 



Whether tbo relatively warm saline, stream, or any 
part of iu waters which flows nurtb-eaatvanl fruin the 



The swlie 
l!H2 are as 

See. temperature in the unrthero half of the ocean 
Is ah.ivini u. ham Issm llinbtly iu eleesn of the normal 
in Jaiiunry ; but. as ituhraled by tile 70 decree isotherm, 
in defi<-t. but ilierrasing, in the southern half. Hul- 
sisiiicnUr it n*eri«sed to above bumutl in Iho south. 
wesUTii At Uuiiie until tbe end of February , and 4hs.lin.sl 
lo the luirtb-Mistward dnring that month. Tbe 1 
(ions wero revined in March, a fall in 
lakuuj plsucsi to the south-west, ami a risr. to like ncrfth- 
costn-anl. Ovsr th.. aora rr.jinu.iut.sl hy th.. oil decree 
and 70 dagrea 110 therms tetnperatuni rasa, in April, but 
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ilwtBwl to ibe mrMMHMnnL Ufm April ■>••« Ms 

|h rut nr. **» iti iw« of the normal until IsrbiWr, ex- 
cept in the soulh-we-t portion of the ocavn, when the 
71) Stall** isotherm n treated to the wcrt of it* average, 
limit in August. Tin- tcm|ieratun> in this part, however, 
quickly rwn<r«l, tin 7b degree isotherm, which m 
nearly !> of |..ligiludc la 0M r*»t «f il« avcrngw 

limit nl the end of May. again id w iii and we« 7 
d.«roos cast 1/ it in October, and 9 degrees in D"0"mbw, 
but retreating rapidly iMttth the cb™* of live month. 
limiMrf acUviiy of Ibe laiVador current iiv the two 
rknatie! months of the year milled the sea temperature 
f..r the nw»t part hehiw the normal in the northern 
portion .if the ocean, rifavaj* ««uth of II"- Mth plHlMI 
it tcni|s.rnrily ro*c mure than 2 dogre.1. above. 

As n-ganl* air Urnm-ratal* during the year 1911. in 
months January nnd February, from Die. close .if 
April In the dial *t BfHWlMlf. and again in Deocmts-r. 
the temperature of the air on ■ I INM Britain lai Ireland 
■H in HEM .if the average; inorvnv.r. during I ho months 
nf May. July. August, and Dci-rober. it waa greatly 
in I'tiio. In ( h-Uitn-r the temperature was about tb« 
same** the nvcrusco, and in March, April, anil Novemle-r 
■inly MS 11 In' «aid bi have U«n in dof.il- 

Tliroiigbnut ll»< greater port i>' the year 1012 the 
curvi*. of air leiupcratitre ro-ctt.blc. in a marked de- 
gree, those ndutiiur to sea surface IsUUeuejalaJp*. 

Rra ft" ■xr«t»r»— The temperature of the sen aur- 
faoc, which fell IsHnw the normal at the clown of llw 
previous year, 0 n M — < i» a**"*! during tin first three 
months .>f <!«• y«*r uniler notice, except in the south- 
ion of llM North Atlantic whereit rose above 
after the middle of February. The lem- 
Iben inerenned M qufaUy that in lew I inn a 
the 70 d.-gree Iwitbemi charted X ileRW-e* to 
thr .»>t tif il- avernire limit for Mareh. I" tlw inoeii 
northern i».rti..ai .if the ocean, the niirfa.-.- trjii»ra- 
ture. nllbiwirh in ib^w l until tifl. r Marvh. r.."' from 
the ml.l.Ue of February until April, and in Iliat month 
tb« ebarl.il rw.ult» exhil»te.l f.w the m.wt part, an 
c*e,» of P ui|KTa-.ur, over tile North Atlantte p nerally. 
The nhmirnialiy warm a*1<T. .«* iihiIhIimmJ «n(cin. that 
adtarrrint Bnrlllil—tTriiH and ha<l been m«t 
notiecable in the niutb-». -t«-rn Allantle in Man'h, anil 
hetwwm the Will and .VJth par»M» of latitude in the 
fnltoam* month, reaelted tli" iiorth-eai.tem Allantle 
in Mav. lU-idilig Uie twltl off our «m\\«m 

»lx.rei.,'»hl)e a deeid. d rrtbu tmn of «"rfa.* tem|»TutuTt! 
was uUit* pla. e in other partn >4 the o.i-an. 

At tbe end of May. and in the be«iiiiiin|t of June. 

Uvnthenlt l»d retreated t .Iortw- I" -he 
W .« i'. n+W li""it« tbow — l» «i b"t a »l»;bl 
Vrmporary NMMJ| of tempemlure wan observed be- 
t,,« the 40th and With |*ralleU up lo the middle of 

the latltT month, when uivdcc the cooling influen if the 

lj«l>radiw eum'iit the turfaee t,.|np>«ture rapidly de- 
elin. d. the 110 *n«w iKithenn lii Auiruat having retreal^l 
a> mu.h »» bt dcirn-e. .if longitude Pi the west of iU 
avera*.. limit. In tlw *.>u1h-a-enl arm of the oeean the 
lemperature n>-.e durini; June and July, ruaehinK the 
average U.aard the eltw of the latter month, wlwn 
it declined, but r«*-ov*e.*l in HeplemU*. U a<ain de- 
eltnni durim: the tw.. monllu lliat f<iUo.«l. in the 
UtttT of Wafah it l««me eoin-ub-rnhle in defo-t; and. 
ulthmifli tbe »u surfa<»' umfarnlure i«mw"l "> the 
„ id lialf of Nov«mrMir. it eunUnuod Vo \m U lnar the 

nirfmal Pi the end of the yeal 

To lh« north-eastward the isotherm of W dim*-. 
al«l Hille-M" 1 ntly lliat of V. d.-srte«, IndieaU^I u d« i.l.il 
Meet in surfiuT t. uipernture Ui the end of the }<«r; 
albeit llui luatioiu are i-lio»n whi.-h liarmoniie with the 
tempirulum of the Hurfiue wat-T < 
ward, a> indu at-.l by tlw 70 d.tjnw 

For the none betaeen South Gre.'nland and the 
Orkney «uf»eieot data an' aantitlt: for the purpiue 
of eompuriaon with normal result*, until Mareh, alien 
tbe surfu^e tcmnerutuR in fliowu to have Wo «li«h.tly 
above Hie luirmal. H dwllned durint the f.iiloainB 
two inoiithn. when il »!•«..! 1 1 1 drtrriMo. below the normal. 
IkiI it nine to. and M'Buuned. ' i d.nnv l« lo» tin wirinal 
in Inn. and July; fell under the influence of the East 
(InHiiluud Current mi Auiruat; nooer.il somewhat in 
tbe nxinth f.illoalnf , and e»hibitrf similar tmtHHSm* 

Ibnw abwli .ibtain.il in Al«M and S pt. ml- r iluriuK 
the two frmiuoimr month-, for which l a lllw l d»'a are 
availalile. 

Tb>. air tem|sratun' over tlie British Mm ibirinii 
tlw >unim. r and autumn of 11112, in euntnwl with that 
|»» vailinj! durim: the same .cnaon. of live previous year, 
is found, ilorefore. to have I..H below the normal 
in June to N'ovrmber iliellisive, eaee^it at tbe northern 
slatiim in July and (leu.lier and at the *.»ulh-aeslem 
station in Novcnilicr. at whi. li |ilae.-s it rooe nlliclilly 
alesve the r«»p<i-tive month*. Il was above tbe normal 
In February lo May inclusive, except al Valencia, when 

, „i.| ii.. i ,,l,tn i! unti M ir li ■ i la) Pi, oi nearly 

mual lo. tbe normal in January, mid above, in Decemlier; 
i.l Valeueia above in November alao. 

Tbere appear, to be lu> 




tion that important elvaotes have taken plai-e In the 
circulation of live North Atlantic durinc lu stone tirnen. 
Thn velocity ai»l volume of tbe Gulf Klream exhiliit 
modiaeatioiM that are non-periodic as well as seaisnoal— 
modinratians that may Occur duriluc any month in any 
ycur. When the Stream is abnormally active, its resis- 
tance to the l»bra.lisr current u probably earned farther 
north than ujiual. with the result that its north-easterly 
branch pursues its course in higher latitude* than ob- 
tains normally, and its relatively warm saline waters 
penetrate to the niirth-wi*t»ard of their average limits. 
When, on tbe other hand, tbe f 1 "If Stream is weajier 
than is usual, accordinc lo the seaaon. the eouverwe, hap- 
pens ; the north-easterly branch of the Stream onmmenee» 
iu new course afb-r iu coUision with tlw. arctic eurrenl. 
In lower parallehi than ths.-e in wliieh it 
starts, and. posaihly. Ibe easterly branch is 
at the expsuimi of lite former; so that the influence of 
the Slmem mav lo. restricted in two way*. 

In connection wiih an inveslutullou undertaken at 
the MeteruU.|p>al Office, liaving for iu. object a ram- 
IHjloHl of the eban(.n in the slr>T«th of tbe trade 
wind, of the Atlantic' with average results, and of 
changes in tbe surface temperature of the North Atlantic 
with normal values, there was found to be 
denre p. prove that deimrturea f n un the average slrengl h 
of the two trade winds during a •.■ri.~ .if mouth", and at 
times during even so short a period as one iiujnth, wire 
roughly reflected in deviations from the normal through 
the agency of tlie .i|uat<irial current and Gulf Stream 
in the average distribution of surface temperature in tbe 
North Atlantic in the rorrcsponding serve* of months 
or month, as the caae may be, of the succeeding year, 
notwithstanding the existen™. of many other causes 
affecting the temperature of live surface mater, which 
muKt tend towards masking the appearance of such 
connection, 

l-ns.f may, llierefore. be rhumnd, ri'srling on n chain 
of enib nce. tluvt many of tbe climatic chamc* to which 
our islands an- subjii t owe their origin to nindincatlonx 
in tlie trade wind* of the Atlantic, ominuuieausl IhMUgh 
the agency of the 
tbe Gulf 



used hy lb* French troop*. It Is a pleasure to note a 
report on lb* *uhWs-t hy Prof. Wallber fctruube In the 
« u «,*««,-r gT««b l l » lll rt > Horft,»»r*n/(. Liuring the 
battle* around Muthausen many Freneh rartrldgm were 
found in which the liullels had a black band where they 
ntted lntu tbe shell, anil tills n. eumnionly bcUeied 
by Ine Germmi soldier* lo be of a pofcsoiiu'is nature A 




A PooitiTe 1 

A «UTtl In tbe l'om<Til fell* now lo nolle nn uiiui- 
ratus tlial esn he ■fpltao' lo any (HMsl lliat will 
unable tbe so-enlled >i«ltlve is.et.nrib.'' to be maile. 
and these ere a great eoiirenlcure when only a few 
cuf.lee of the scene nre wanted. <>f < 
develolwr s«ild for use with the 
but tbe apparatus Ibe u*er can ] 
Is the deerriiKlon given: 

.1 Is tlie ennsern, with hat* removed; « Is the In.x. 
mude to lit camera ; V la a lank lo hold the developer. 
Tbe oariu. ure dmpiail lulu this llirouxb a skit In the 
bottom of tbe box H. Tlib. tank may lie of hanl rub 
l*«r, or ginm lined I made mine by culling off the ton 
of a square boltle. and nuking a box of thin wood to 
nt nroond the loner portion of the bottle. The tank 
ive » fliinec extending i 



It mnv be held rirtiilv 111 place by two buttons on tlie 
iNrttow <.f tbe bill ft. It ts a piece of till a uuarter Inch 
wider than the |".*tcands and u lmlf Inch shorter. Tlie 
two sides are Is nt around for an eiithtb of an Inch, as 
sliotili In fl Tills Is fastened In the front end of Use 
ls.< « so that It will be exactly In Ibe miter. Tbe card 
I. |>lac.il Int.. Il»l» form no top. Tlie Mm will hnve bfl 
Is- adjusted »o that live pketun-s will !«• ataqk A few 
trial* will !«• miiilred lo get this, aft.-r which live H» 
latwv slwuild be nmrketl .si. the front Iml of Dm* eiss'iu. 

I then l.sik n f.a-uasliu: eVolh a >nrd *|K*re, and fas 
tcii.il Hie tw.. side. i.i«Hlicr n- t» f»nu a aaa* with 
hnth eiiil* o|*-n. tine end of this I luekiil iiroiind H a* 
shown l.y tile d.sted line* MU Ibe other end I fllslen.il 
severnl el.ive fiiileli«-rs. s.. Ilkjt when I plilc.il til., lutlul 
Inside 1 ciuld haJHMI Ibis op Habt amvnal ni.v iirni so 
as lo exclude all llubt. A trl|.sl «. lel alwl n •llrccl 

vlsl.j«i view Ombr were the Il III plarc, and a l.ix 

htrge en.iwlh to hold a |si<wuge of |»lrul«k was maile 

with a lixbtpr.i-f IW. in^.1 ful.iiiil Inside "< » 

sl.k' near tbe back. 



aleineuts that 
Millets luive Wn 



Is a harmleaa rbig uf Ueguer. lie goes on to *»ate tbi: 
the bulb-la tbeniaeliea are com|*»»il of copper, line vail 
nlckeL and tbnl on nnalysis they were found to eoau.lL 

-of very good material." Furthermore, be wiys iui 
the tvpper Jacket Is so >erj tllin Hint it Is lncn|sil.V 

any uaniuge If spill off from Ibe core, Issn; i 
llltu. ninl lli.-rer..re the bullets cmld not ts- .Imr.- 
b> nicking ..I' Cling tile nose. The cssciTe-j.i 
l.y Ibis iiulbxrll) Is that "as fur ua the ellire- 
y be ull.iwiible. the French bullet Inu.t Is 
i btlmuue." Tlibj was ulso tbe verdbT ..| 
Genunii army eunceoii*, who have found tbe w>c..|. 
maib- by tb«ii> l.ulb-t* comparatively tiiviaL uisl fu 
.llffereut from tbo*e mode l.y the licrtuau and Kiicli^. 



lui.ilv.il hnve otlsliill) 



Wx wlah to call attenllon lo tbe fact that w» »n 
l"»dlloii to reinler competent service* In every 
of (silent or trnde nmrk work. Our atoff ts comp 
of neeehnnlcal, electrical and chemical experts. I 
to prepare and prueecule all patent 
Irrespective of the complex iinture .if 
mailer lnvolve.1, or of tbe s|ieclti llzed, 
knowledge rn|iilred therefor. 
We also have associates thnmgbout the world «a 
of patent mid trtide-«Mrl ^^ 
rorelgn to the MM 

Mess It Co. 
ralml ckilscilors. 
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Motion Pictures in Colors' 



Various Methods by Which the Problem Has Been Attempted 



AUnHiN phturc* lu eo4ors are pn«luccd by coloring 
ordinary IMm« by band or by stencil, mid also by vart 

• mu mod location* of tbe three-color process of pboto- 

• "grating. 

Coloring by hand lh n del tent* and laborious <>f h- ra- 
il. .n, because of the large number and »-uiall size of 
t lie picture*. Til* work la usually done by women, 
and It requires close attention, crest patience ami a 
eye. It b facilitated atiO expedited, and lb* 
l art* Improved by division of labor. Kaeh woman 
appUea a single color, the tint and location "f which 
ant determined by the chief color!**- The Him pMMM 
■ >vcr a number of ground glim* tables. such as arv 
»e*ed In retouchlug photographic prints. 

The color*. In inpsniiis solution, are spplUsJ with fine 
hrushc*. In flat tint* and In small quantities, whh-h 
ure absorbed by the gelatine, so Unit ibe 111m dries 
quickly. Ivosplle all cure mid skill Ibe color often 
overflow* Its = » — t , ; t ,.| limit*, but at tbe-e error* do 
not fvcat regularly In the same places In successive 
pictures they do nut seriously Injure the projection 
on the screen. 

When only a few positive Alms are wanted they 
are always colored by hand, but wben many lllm* are 
paajsflftd time and lahiw tin* saved b) ili> nw of -\* u 
rfbv 

The stencils, one for each color, are cut from a*, 
in any positive Mm*, from each of which the part that 
i.trn*H|Kii»U l« the alven color Ik removed. I\>r ei- 
»ni|ilev the why of h luudM-ape W ewjt away frnaa tbe 
Mut< stencil. Tbe tilt lllm* are M<*k<<d In i.,,r natcr 
In remove the gelatine coating and are then ready fur 
Hi tin stencils. 

The lllm to tie •■ U i ■ In contact with the 

Memil, >«> that their Literal perforation* coincide, mid 
tin- two Una* are drnwn lhnmir.li (he coloring machine 
by wheel* bmiug teeth which niter Ibe perforation*. 
In tbe machine the lllm mid Mteoell pit*- either under 
ii nVkiblf roller snlonilod wlih Mm- color »ppr.*prl*(e 
to i)m< Meinil, or beneath u Mi|s>rlxer of the air hru«-h 
type, which project* the tb]iilil color in a tine spruy. 
In either ense the color L* applied only in thiwc part* 

• >f tbe lllm thiit corn-qsKsl with (lie loirtn cut away 
from tbe Mend I. The o|s>ratlon In rapid mid exu.-t 

The iHirtlally eolored tllm la then separated from tbe 
stencil and run, with a second stencil, through a sec- 
ond machine which applies a second color, and the 
operation In rwjM'Htrd until all of the color* dc*lred have 
been applied. 

Tbe difficulty of rutting »t en-it* fnm the little plc- 
i 1 i 1 "- with the m < :n.. precision baa been surmounted 
by an liigcnkiu* artifice. The lllm to be cat Is moved, 
pbiurc by idcturc. through a frame placed boaftta a 
screen, iki wbltii Ibe correafM9«a1la« pictured uf aoutber 
niin rrnfn the aame neieattve are pnuVeteil by a lantern, 
A ' ' i n (Kdnt which ti-rmtruitea the Umx nriu ut a 
l«uiiK.Tii|iri U npplted to tbe sen-cm and n cuttlne; tool 
whb'h terminates tbe *bort arm in njiplled to tbe Him. 




11k. 3.- Kinernarotor shatter. 

Ttie pimt«cni|>ti l« >o i-iMiNtrurted tlwl tbe di<qilacc- 
rioT ,i nf the etittiiiu t*M *l and the irminx iM»iiit nre 
l<ro|Nrftltiikat. re*jMt tliely, tn the illuieivdncu of the 
Mm pl.-turc and Its enlarged pfo^-tluo. The cattlni; 
li->l bt machine driven and tbe ta.sk of the uftrrator 
.-iHiHl^n merely in tntctns on tbe m-reen the outline 
■I i lie part* eiirr>^t<iudlme lo a ghM aj|aj In Ulta 
ttiiy tbe stencils are cnt with a preebdito that ovnld 
tint la- ulliilDfd If tbe little pictures were cut by hand. 
Tttanr. OflMfl ratx«asca. 
Alth-iitxh the «Milun* <if nature are infinite In uumlM-r, 
lucy can all b| redmvd. with nNpajfj kf tbe Itiipren- 
nUtw Unit tbei pftafuce on Hi- ntltta, to three funda- 
nieiiinl eolora: violet, erecn, ami ••rumoured, by comblnn- 

* ■ .ml. i —l fnira KraMtl l auaUl i srtlrl* la La Jl«rwr >i. • 
«rfcmeM r»»rv« «r npphfvit*. aad poblb>l«<l la this JtmraaL 



IMUt >-r which all poMMlble tltitn can be formed. The 
lierxUleofe nf n tiinil lnipn>M»l«cw inakna It poaaiblc tn 
■ ' ihU «HimblnatliHi by auiifsialre, as well aa by 
Hlmnltniieuus, itfeaentation of the fundamental color*. 
Hence motion picture* In colore can be produced elllier 
by almultaneoini jHrujevlloii, mid ekact NiiiierpiMltloii 
on i) reen, .if thr»*- AIiiim which separately nnuld 



□ 



riif. 1— Itrlstuc K-aglha of ilma required by the 
various pxoceaaea. 

1. Tfcree eohsr, swrwwlvr ; 2, tlirvr-mlar, •ln«ltanr«as ; X 
hlMiuseular ; 4. ■■u?eunil elirasnrW«au ; ft. sutwcbroRila. 

prodare vkjHi greet*, and oramcered ImaKcM, rnspe*- 
tlvely, or by rapid projection of Images which jiresenl 
tbe Ibree cotora lu ntruiarly recurrtnic serlcrt. 

In either caae the Hyntbi»«ls of tbe color of any object 
imr-t be preceded by mi hiihIjhK lu which a aenatate 

|4Nt0fnpfli1C negative |m Uoelr Ii) eui !i of tbe tim e 

fundamental colore. Thl>< mialysla Ik effected by ptioCo- 
irrnphUiE tbe scene through violet, areen and oranj,i> 
re»l -«creena, or ray til tern. 

Tl*> film e\poaajd l«-hlnd Ibe violet Oiler ia ImureKMcd 
taily by Ibe lairtx of the w-eiw (hat ■ ■« ■ i - « * > vMet, blue, 
or nil purple, while yellow U completely stnfi|>etl t>y 




I i«. 2. — Projecting lenaea. (.aurnuat 
efaronoehrnme. 

the lllter. On development, therefore, tbU negative Mm 
will become opaque In Ibe vloiet blue, and purple parts 
<if the aceoe and will remain more or lew trutufparcnt 
In ibe other parta. The lawlllve printed frutu this uega- 
live wUL on tbe contrary, be opaqoe In tbe yellow and 
transparent In tbe other parta. If thl* poaltlre la 
projected, tb rough a abeet of violet ffiaaa, tbe ■rraan 
will abow a violet picture In which only tbe Tlotct, blue 
and purple parta of tbe aceoe are represented. 

Tbe croon and tbe orange of tbe original 
be reproduced In the same way, by using ; 
orange Altera, respectively, both lu making tbe oaam* 
tlvpw and lu projecting tbe positives. When the three 
colored projection* are «u]»er]»osed or rapidly alter 
noted the three fundamental cotora arv unaffected, and 
tbe other tluta arc reproduced by the comb! nation of 
l bene colore In varying pruportlona. 

At any point In tbe picture these proportion* are de- 
termined by tbe relative opacities of tbe three negative* 
at that point and, consequently, by tbe proportions of 
tbe fundamental colors In tb** color of (be acviie at 
thai point. 

The white parts of tbe scene arc opaque In all three 
negative* ami trati*pment In all three positive*, so that 
in the projection the three rulored beams of light com- 
bine mid rcprodui-c white. The black part* are tratm- 
paretd In all three negative* and opaque In all three 
positives, so that In projection all light la cut off and 
the putt iipt*«r» black. 

The three color procee*, therefore, b quite dimple In 
theory, but its practical aHillcatloJi (" cinema tography 
I* a difficult problem. In tbe flr*t place, silver bromide 
-i*l the human eye do not agree In their aetuiltlveneHs 
to light of Olffr-rcnt •.■.<] ur*. Tbe ptwitograph Ic emulsion 
Is very rapidly luipnwaed by blue and rlolct, which ap* 
lewr dark to the eye. and even by the invisible ultra- 
violet, while bright red, orange and yellow produce very 
Utile effect upon ordinary Alms. Theae differences can 
la* diminished, to some degree, by using orthocbromatk: 
emulsbin, but even these retain an excea* of aensltive- 
&eaa for tbe wore refrangible rays. Hence the repro- 
duction of tbe natural colore In their proper relative 



Intensity requires ao Jong mi eiposnre. through the 
green and orange Cltere, that liistantaueou* photog- 
raphy and cinema tography are Impracticable; except In 
special cases. 

Hits la not the only difficulty, and none of tbe proc- 

• hs« Which have becil proptwj U fw fr.ru defeet* 

These prove**** fall Into two groupa. In which the 
analyaU and synthesis of tbe natural cotora are affected 
by successive Image* or by simultaneous Images, re- 
spectively. 

In the former case all of the lorllal negatives are 
made on a single atrip of film, successively through 
violet, green, and orange-red altera. The camera shut- 
ter la usually a disk divided Into three opaque sector*, 
which alternate with three transparent sectors, colored 
violet, green and orange-red. respectively. The mechan- 
ism Is so constructed that tbe lens Is covered by an 
opaque sector when the Dim U shifted, and by a trans- 
juirent colored sector when the tllm Is halted. 

The aame device t* employed In the projecting uppa- 
rutus, lu which the tilm aud the rotating disk arc so 
adjusted that the pictures that correspond to tbe violet 
purls of the scene are projected through the violet aec- 
tor, and similarly for the i<her two fundamental colors. 
Tbe persistence of retinal Impression* cause* tbe three 
monochromatic pictures, bt they succeed each other 
rapidly enough, to combine Inlo one picture In natural 
iTdora. It Is obvious that, In order to produce perfect 
fusion and to eliminate flickering, the pictures mum 1m> 
projected three time* a* rapidly as bUn-k and white 
picture*. It follows that the negative* must also tat 
made luree times us rapidly a* the negatives for black 
mid unite pictures, 

This Increase of speed entails serious diflleultleab Wfl 
have seen that tbe lack of **n*IUienea* of the emulsion 
for green and red requires the exposure to be pro- 
longed. If It hi necessary, on the contrary, to shorten the 
exjswurv Ibe prove*** Is restricted to exceedingly hunln- 
. .* 1. 1. v- pln4iatraphed with h ler« i^f grettt it pert on 
and cornsqiondlngly sum 11 tb<pth of field. In the second 
place, if ibe apeed of tbe film Is tripled. Us length ami 
cost are tripled also, t Dig. 1. No. 1.1 Furthermore, tlvr 
lllm Is rnjddly worn out by Its violent displacement In 
tbe projecting aiqaiminx 

Tbe method of coanblnatloo by dlmultaneuUM Imaices 
thaw not require any Increase In speed, for the three 
pictures can be placed side by side (Klg. 1, No. t)< Tlie 
lllm bt no louger than an ordinary tllm, but It 1* three 
tliiiea as wide and, couseqoeuUy, It bt aa heavy and u* 
ccsitly as tlte lllm ustsl In the succwdre method. The 
principal dllBrulty of the sluiulUneou« method, bow- 
ever. I* in the exact superposition of the Images <ai tlte 
screen. 

If the three series of photograph* are made with 
three lensi'M. placed side by side, mid each provided 
with a ray Miter, the positives must be itrojected by 
three lenses, similarly placed and provided with my 




Fig. 4. — Improved kiaemamlor shuller. 

B, B, s*ml trsaaptrrst blue violet sretsea. 

tillers. But, as' the distance between tbe screen and. 
the projectlug lantern Is variable, the focusing of the 
three images la complicated by the effect of parallax. 
The throe photograph* are taken from different points 
of view and, therefore, like stereoscopic |diiures, they 
are not exactly supcrposablc. 

If tbe scTtie contain* only distant object* the thrc*> 
Image* can be sti[arr|iused well enough by adjusting tb» 
distances between the projecting lenaea. Pictures of 
near object*, tbe content of which nre aecnmlely huikt 
posed, show at the edges colored frlugiw due to a lack 
of coincidence In the contours. 

Inventors buve tried to eliminate thl* defect by cm 
ploying, eltlwr for making (be jsViures or for projection, 
a single lens, behind which the luminous beam la divided 
into three parts, two of which are deflected by mirrors 
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«"<• prisma to right aud loft, to fonii (or to reproduce) 
the lateral Images, while the uiird part, not u> Sorted, 
form* tor reproduces) the tnhldJe lma S e. The lateral 
P»t» of the dlvldoil bona, traverse n longer |«Ui I turn 
tbet of uie middle mm. and this dlfferen 
""i»t be coi»r«w»U-<l in . 
into roiiM 



voce of path 
r to bring all at the lmujn*s 
Tho cuupensauoii cun Iks effected by tb* 
Interposition „f lenses e r wf . nU |„iw. r of piuoe-pariillol 
'""I tbe "tfr tbn relative dJmenslnna of 

««"• images and (be bundle* of glass absorb much Itjrtit 
gmally Increase III- weight „f (In- upparatus. 
A great many three color praams! hnve been patent- 
>sl. lout few have given good iy.mlL*. The only one Hint 
has kern exploited suweesfully |„ Uoropc U: 
the Oaomokt ctlao-voritaoMa elsocias. 
The Caamnnt lllu is of the usual wMth am) cou- 
bilio. tiMi three uanonchroiiiatlc ph-lures in mrulur re- 
currence, but inch triplet in projcctisl simultaneously. 
With idcturcs ot tbe usual dimension*. 14 by 2| milli- 
meters i% inch by i inchi n w ,„o, u be neeesHnry (,, 
""""™ tbe nlm M millimeter*, or mure than 1! Inches 
ut each hIii.. In order in I,— en the .longer at tearing 
and qIna to dunluboi the nwr of the lUm, Uuumoait re- 
duces Urn boujbt ot the picture by one third, without 
altering tbe width, so that ibe dimensions are !-• by 24 
mlillimctera tH Inch b T J i„Hi: (%. 1. No. 1,1. 

Too picture* .re projected by three superposed leuaea 
iA. B, C, Fig. 2>, It* centers of which are separated 
by Intervals equal to tbo height of a picture, bat the 
lenses are segments <>f lenses of much greater diameter 
than this, so that thay trnusmll abuDaant light. 

The mlddlo I«i3e B is Oiotl ; tbe other tea it and (7 
■-an be turned both vcrlknUr and horlxoatall.T. Tbl* 
rotatkiti la revjulrnl In order to >unnrpoa« the I ma ices 
4>xadl> -hi the Hereon. The rcsiilmioo i, n ilcllint* 
operation aul the ofHTator In Uki far from the screen 
to obsurrre the oflTect minute!). Therefore., be b< aided 
by uu observer jJuccl near the nereeti who bItcji 1dm 
iMMHkHl wamlllifii by te4epuauc. 

Tbe throe pleturai are* llllimbiated by a single eUt-trlc- 
urc l'hrvc nre» aonld Btvo utor* brilliant projection*, 
but their HuttnaUoiis would Injuriously affect tbe color- 
llW. A verj, iuteri-e utv U employiMl In cuojunrtfoli 
nlth ii meutlteretl wcrcen, wbb-li, ioMead of dlfTiatliiu 
the llelit in all dlrcctlolin, calillnea It eblrlly to a small 
iiiiKllhir tleW. Tlil» m.|li.«l ol projoetbiu U suluble 
enly for 



taU. The Eaovenwcit (Ives lie. impression of ratlef as 
complete mi that produced by the stereoscope, ant the 
Illusion of reality Is uiteiulSed by the play of color, 
especially in the wines of hntterOJes, I 
are line to Lntarference and change 
"f the Ilium laatloo. 

ruu^owiu ruuei^M. KiTicM ^ctiuut. 
In tbe t.'rrian-Suiith klncaan<xibir procaas the cum- 
are reduced to two: red HI) J creen. The 
the projecting lniitern aro slniilar to tbote 
llHed In tbe three color |iromw with mc 
«*x« l>t tint tbo routine dl«k ba-i <nUy two i 
~<-ctorn. roil ,tHl irrceii. »e|»niteil by two nf»v<|oc sectors 
(Hit. *>. Tbe film moves at the late of plctaew 
H-r siH-i»oit twice the utual hixh-J. and Its ieiieth trie. 
I. No. ;ii b. twice that of a black nnd whlte Aim of 
the -nine KubjccL 

Tlw ubseix« of the tlilril fiiinlunieiibil color lm» In-eu 
iwrtly <\jinpensstcd by sabstltutLnx for l!«e .ifiuque sec. 
tors of tbe rotating JUV blue-vlulet srctoni which at* 
not MifDcUintly truiieusrcnt to reveal Uie nioTcuoiit of 
tbe lllia that taltes place when liehlud tliem (Flu. t). 
Ily this derice the predominant yellow toou or the 
icreeB picture Is corrected. The bins color Is >«prcad 
uniformly over the picture. Instead of being locullxed 
lu the blue ports, but our c>*c ks very tolerant and Its 
Hyntbeais of color Is purely subjective. Jn tbo repro- 
iliictlon of natural colors, tiowaver, kloeiuacolnr 1^ far 
Inferior to Uie Gnumont process. 



collies Ihst have not yet been orercame. Tho eolorad 
starch grains, and lbs yellow glass renjulrad for oorrcot- 
tng tbe tone of the picture, absorb »o mucb light that, 
t-ieo with an exi-eedlikgly sonsltiTe emulsion, tbo c * _ 
IHs-iirc must be at least «0 times lunger Uiau In mooo- 
cbrome photogTaphy. so that the prodoctloo of motion 

' If tbl< and' other Ic-^riiilnaWe obstacles oaD be 
■ .. . > . . . < l #..«.«. i. tilm H 



THK S7IM ItUOStC 

1«n and color screens of the three color 
prww can lie replaced by a single flliu eoniCKned or 
violet, uriiui. sod orange eleinelite ttlff. 1, Xa r.i, |f 
the colored elecicnts are \ery small and uniformly dis- 
tributed |be lllui will apisinr cotorlcoa. If sod, a alla 
Is coated with -liver bromide em<il*li»i unit etposed In 
■i enniera. the result will be a photograph i„ colors, In 
which a deponll of silver cover* si) of the y 
elcuicnts that do not corre-lxi 
Ibe subject. 

been the obje t. of nilin.v renssirc-he*. The mwt"" 1 
fill method yet llivooleil Is tltat of MM. A. and L. 
lent, whose autochrame plate la prepared with 
of starch. i*oloreyl violet, grcuu, tt l«l 
...lve.1 and mtw! In » thin Inyer t*tw,„ the sensltlvi 



If tbl< mid olbir le-s formldaWe obstacles can — 
suroiouiitiil the aotis-Unioue |MrocvHe will furnish ttlna" 
tllbtet. low bully ami issudbly cheaper than those of 
the three color pn-'ess with suceeseilvc iaaagtw. It 
mill n.< lie isee^siry to reduce the height or the I> lc * 
lures or to ciujijoy a -IKH-Ial lautcro for projectlno, 

Prodnang Steel Drrert from itie Ore 

SIakt liiveellirators Ivsve worked on methods of ivi'u- 
dnclng steel diiwt fr«>ni Hit. Iv.mh ore vsjlborjt resort i am 
to the present pr.'lllol.iury pr.*,.». „f reducing tho «>t» 
In n blaM funis.-.., iiimI it is oLrteus tUitt If a comnas-r 
clnlly iiracllcol iipwi „r this Mini can lie |HTfect<?<l n 
»er> lirest suvillg lu lime mill evt.ense will nwult. to- 
Li'lber with n ctuisJdenil.lc -mloi; lu ore. An a roesult 
of uuiey capcrilTMUiK Ir weoltl ;i|*s«r rlkst tbe cloots-le 
fuciulMi nolllll Idee Ibe best results us. for <sie tlllsig, 
the uncertainties le-ulll.u: from liuimrltleA lutrodu<?«d 
liv fuel would tic entirely svoiilef). In u recent Isstio of 
Ibe ^oaiiiol of Ibe inm and Mtcet I list 1 1 uie the re* slits 
of nxlierlioeuts mad.. Ii> K Hmtlt*fl nlld A Hethey arc 
discussed. Envrimeiits were innde lu a normal Heron" 
electric furnace of tl tons' misidty. working with stuisl*" 
phH-s> currenL Three series of tests were made, miintly ' 
ti l lHrect reduetbui „f elll,<e.<us Ka-edWi Iroii ore (21 
USteet n.luetkiii of Xwcdlsh iiimI ii .illceous SwcsllsJi 
Iron ore, with .10 |icr cent of scrap mlsed wiOl tb* 
cbatKC l3i lilreet nsluiiUm of Brazilian Iron ore. It 
wns found that wood slts>l could Isi obtntneil without the 
emboli lelns «l»ne ot |»f cent at any tlin*. The sleel 
rorsed mry well and welded easily. The consumption 
or electrode* wn» ut the rate of X! klloinooiiies per ton 
of steel. The wear of the lining wns apprtmlmately the 
«im» us when mellliig scrap, bul there « us a **sl ileal 
"f ebultltlon owing to Ibe Mberntloo of lnr«e v.Jumes of 
oxide, of enrbon The outstillxllng uusllty ot steel by 
this proce™ U lis t.-nghneio.. Tbe uolhwr* clnlm thnt 
tbe steel la more frve from honnftll gases, such a» 
nitrogen, by this lu-oceas; ami that tbe lHrect methcsil 
tins the advaiitsto* of simplicity, nlilllly to use refrac- 
frts-dom ftoan impurities, cbeup- 
of the o,lsal!1y of the steel. 



Circumventing Niagara Falls 

A New Welland Canal Necessitated by Increasing Traffic 
By Bernard Farrows 



Ir was a spectaculnr feat to drive a cannl actoex ties 
Isthmus of Panama. The world has looker! on In open, 
inositbetl asfinlshnseut as skillful erigliieers ami tolling 
latH>rers hove removed inouiitaliis, llomled ralle.vx and 
be eoi 
l to o«'eiin. 

in a sense It will I- ll v.-arcely l.«s plclnreoque 
u.-bleveineiit to rircumviuit that greut uatnrul obstacle 
lo Hie tinvlgntlon of the tlreot l,ukes <if America, the 
KnlLs or Niagara, ui-1 by pno'Miiw a ship csi.nl 
It. to etiubbi tlie Inrgest veaarta now afloat in 
wuler- to puss with faclht} from oiul to end <■( tlie long 
chain of lakes. 

Tlie latter tusk lias Is-cn oislertiiketi. Indiysl. It is 

.„.*■ well msler sty 0 nlni.sit u }.«>•- pnigreiei bas 

Iss ii insde on tbe iirellmlonry eotistrnctlon work. Awed 
iboiMle-e by the sii|s-rlor llccomHiihliwnts of Hie engi- 
neers ut IMluima, tbe men who sr.- eiigngtsl In the 
enlvri-rise ut Xliignra nro sayiog very' Uttle nlsitit their 
ilielcrtilkiiig. wbh-h b pertmis. the resell why no one 
baa heiird very moeh as }ef «U>ut It. 

While the Welland Ship funal. as Urn wnlerwuy ta to 
Is* calk.1, la to nil intnnta und purposes un entirely new 
-cbenie, It will y« vuisirseuV a smaller cnnal which has 
Iss'ii lo existence many years. Tlie drcumrentlug of 
the halls ..f Nlagnra Is no novelty. It «., attempted 
uullc eiitly in tbe history of lake navigation- As far 
l««ck os ivf two ships Bill led ibrouxli tbe partially 
C"nip|e«.<1 ctinooel frv.ui Ijike Ontario to the upper 
rr-rtches of the Niagara Rlvi-r, and four years Inter a 
Iborougb connection was estilbllsbed hetw.S!n l^lkes On- 
tirlo and Krle fr,«n Port Imlhonslc on the fi>rmer to 
I'ort ixflliorrje oci tbe latter. 

Sims, tbe thirties of hist century, the Welland Oinal 
hn„ lsHjn twice rebuilt lu order to accommodate tbo 
slowly enlurglng tyis^s of vessels III use on tlie Great 
ljikes^ Tlie present canal, completed In 1»KI, waa re- . 
gartled at the time us the last word Is canal construc- 
Uoo. >ta locks, twenty six in mnntor, gad of 



sl..Uh ITU by ,r, fee,, were able to hold the largest sblini 
then plying ,.n the np^r hikes, while Ibe H f.s.l cbnii- 
i.el vias ample for the uissie of Ibe duys. 

Bur tbe aDinnioi progress whMi bas been made of 
years In murine uichllocture bus produced » t>tw 
of luke frelgliter Hint fur onceeiU lit l.-iuilh. louiiiige, 
mid drntt tbe one time gctiurou- ineasurcuselits of the 
Welland Cunnl. The latter bna l«ec tvi.uVrtsl entirely 
uxb«i In tbe case of a liirg* proportion of |lw slilpplng 
of ibe Ukea. un.1 oict ugnlu the Nbt intra calumet's 
iHirrler hue becoJO* so . ir.s-llvc Imissllmcol. fo«i|uiiod 
Willi tlie iratbc through Uie Sou tunaks. that through 
the Welland Ciuia) Is at present a mere Isiautelle, whk'h 
menus Ihst a iery large la-reenlnge of the cuiunu-rre of 
the uptsir Inkcs uow terminates sl-.ve tbe lulls. 

As Ibe bulk of the trulttc through tlie cnnnl nt pres- 
ent Is gi-jln. and ns few of the uinier hike Issits can 
join*, the GunailUu goTcmio-ol htin recently built at 
IVirt folborn, the lakv RrU. enuiince, an elevator of 
•J,t»si,nti.. buaheb. ca,«clty f„ r trana-sblpplng u.1. grain 



to oetstn: the Wellatxl 
<ske lo Ink,. The mtnlmun 
cbnonel in Hie case of the 



twenty five mlle» from 
width of tbe liot tom of tbe 
I'anamu Canal la 300 feet; 
mil It Is 'JtMl fe..». Tbe mini- 
uuama t'aual la 
iboiub all 



divided Inl 
entirely me 



These facta established the need for a third 
meill of tbe Welland Ciiual BEH ] were con-Mured by the 
g»ivetiinieltt of Canadn as of slllbclunt weight to war 
rant a roconsl ruction on u very much larger scale. 1*he 
old route was exaniii^vl with a view to siting up Ita 
-llltablllty for enlargement It waa promptly Con- 
demned, elcapt for Hie southern -Hctloll from Alhtnburg 
to I.ake Krie. This mennt a n ew l.sflttlon for tbe north 
ern luilf of the canal and, after much prcsmacttag, a 
route lying to ibe eastward of the old route wns decided 
u|«m. Plans were promptly prepared for Hie conatnic- 
tlou of the cntml and about a )eor ago work was 
started, at an estimated cost of $00,000.0(10. 

As comparUomi often present u more illuminating 
lib* of a subject than plain statements of fact, tbo 
Iniporliuiee or the new project may perhaps he better 
gaged by eompurlng it with the Panama canal. The 
Caul haa a length of Hfty mlba. from ocean 



in that ot tbo Wcluui.l i 
mum depth of witter throughout the 
II feet: in Ibe Wcluitu) canal It 1- z~ feet. 
l"!Tinniient structures nr.. t„ te made so that at any 
tlmo the channel can be dredged lo n delUb «>f ^11 feel. 

The lVtnama Lunal eoneixs ihrv.- -islloiis. via. ihe 
li'luu iJike, formtsl by Hie dmnnilug ,>r the Oingnw 
IlivcT. and Hie channels leading to it from (lie AtliinrJe 

lil«l Paclllc. respectively. Tb.. in.wi. lev f the- lake Is 

r.vt alH.ro sea level ,„d shlie. lire mi-.sl to ||, level 
by liiwins of six Jocks, tlins. ill either crsl of the lake 
Tbe Ws> mrasure l.Otat by no feet, uirh a minimum 
<h|.|h ot water over the sills of tnj, wheB . 

lake |- „l Its normal level. Kucll hns a lift or 2St t feet 
The Welland (Janal. on the other hand, cannot b, 
scb well^lelincd scctl.Mis Its course U 
« from Lake Ontario to U,|nt ICrle. or Id 
.•Hut words. It haa no summit level r-iulvnleot to Catun 
lake whence ships must be locked down again. The 
rise I* contained almost entirely within a few miles of 
Uke Ontario and amounts to H2B feet, the difference in 
level of the 1 we lakes- This ks overcome by means of 

m "'* n ts^x" m h >>> ^ X<i * 4 ^ " >r " ' v "' ,,l * IU " , 

by W feet, with HI) feet of water nv-r the miter «Ula at 
extrv-me low stages bi the Inkea, 

There la a further Interesting rampartnia which may 
lie Itistltnted. Tbe larger of the lock gatns in the caae 
of tho 1-anama Canal each mca-nre nr. feet In width bv 
K2 foot ill hetabt and weigh 730 ton,. These gates ae- 
of tho uV.lihteleaf variety, hung ou either side of the 
end of tho lock and mlteriog lu Ihe center whan clou-0 
In the case of tbe l.sMt galea for tlie Welland Canal ,, 

wit will ts? nil In one piece 1 will 

the ends of the locks into mortises, 
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TIm*) will wen-ore s"J fwt In Iwlulit and H feet In width 
ami will »«4gti l.luu ton*. It 1m bulieivd by the daalgtarr 
that the nrw type of gate will I*.- 1cm liable to accident 
null will prove superior In munj respects to the old- 
style double-leaf gate. TIm? Wei I sod Cmrnl gntc* will 
not Mtmiil wpiarrl) aero** tbe • hmittel but will slant 
lull* llw itfijMwilt*' wall, thr length of tbe pate being 
:i feet tuoje than the width of the caiiul. The sub 
merge*! jhwUoii uf the gate will serve its a flouting 
rliatulxT and will relieve, the pivot upon which tbe gnle 
Is swung of biok'Ii uf lb* weight, although tbe phi 1m 
designed to carry the weight of the gut* plu* It* weight 
tilled with watar. 

Another point of Interest In cociDtvtlim with thr Wcl 
land fnnat locks relates to the source of supply of 
water for til Hue them. Illtbertu It ban been customar? 
!■ draw the water from the channel above each h*-k 
and. when the dluietodoiia wen* -tiuill, Ihla whh a *niU- 




core framework of reiaininj: wall al (he Lake 
Oat alio entrance of (he new Wetland canal. 

factory enough method, Hut with rhe huge haalu* of 
the new lock* to till each time a ship wnut through ami 
wltb the rapid system uf uperullon Invented, a strong 
current wuotd be net up which wuuld Interfere with 
nnvlgnlloii ninl tend to near away (he bankN. Accord- 
ingly, atxivp or heald* each luck oti the Dew vlilp canal, 
prurbtlou I* lielng made fur large rewetToIr* i>f water, 
from which the supply for fiUiug Is in k drawn. Tbe 
water will cuti«e>iuciitly enter tbe lucks through the 
aide wall* ami not through llw upper end*, completely 
obviating the dl*adTnnlng**t referred lav 

Thr foregoing fact* and Ileum* will MfTV It show 
that tbe Welland Ship Cuual, while by no moan* the 
gigantic project (hat the Panama Canal was. h wtlll 
aiiftlrleiitly near It laith lu »i*e mid In many engineering 
feullirea to be ela*>ed aw n notable undertaking. II *- 
true that there are to In* found ut Niagara a few of the 
HerhwiH obstacle* b) |»reere«w which made tbe work of 
building the Pnnam* CiiiwI no lo«ig-dra*n out and dlftl 



roll. r«iiMlItbiim for nirr)lug out tbe work ure much 
better lit the iiortheru Into Up here tluiii In the tropic*. 
The contractors are iieur their base of supplle*; lahor 
Uj |4entiful; I be cllmulc la heulUiy. Above all, tbt-re 
will Ite no di-cooraelue Cotebra Cut to try the iMitleoce 
of tbe engineer*. Tho goliiB will be cuciiparathely eon) 
and for many mile* will caiutUt almpty of aidenlne and 
deepciUnc the existing channel of the old canaL Tbe 
total excavation, aa estimated by tbe chief engineer. 
m III only amount to W.UOU.Utf) coWc )arda, as coin mi nil 
with 2JU,<iou,upju cubic yarua at I'anamn. 

A sutUfactury beclunlnx no* h*tm mode, *h alreud} 
Indicated, and from Lake Ontario to tho summit of tbe 
Mil earn eacarpweot, ipood prueresa la to be noted lu tbe 
work of excavation, Tbe usual methods are In rocue. 
I rom tba basa> of the aaearpancbt lo the fdioee of tbe 
lake the contractors bare built a weil-ouolpped stand- 
ard ipiKu douhte track railway, alone which tbe tuaterlal 
g>niKed out by the aleam shovels la euoveyed. i'or tbe 
pfoassjl It Is bailiff aaeil In building tbe i«ler» that will 
form the capacious harbor of Port Weller. The htkr 
nhore ut this point was an broken and without any uiil- 
urnl fadlltlea for formlne a harbor, it hecamo noees- 
•tTf tlietvfore to bulkl ah artirkiiil sheller for shlpn 
entarljii; or leuvlnx the caiml, mid, accordluitl;. two 
piers, TiUU feet In width and a mite and half Uuitj, are 
being thrown oat Inlo tbe lake. 

r'ruao tbe Inner end of tbe harbor to the entrance uf 
f.oek No. I, which will lie located iiulte near the shore, 
leiuualne wulls of uuk|Ue aiittiroctloii are being built. 
These consist of trUnjnilar fraim>work>« <if hloel, m*t In 
ttulld concrete and reinforced with namlieiino. iron rxNl*. 
The framea are eticu>>eil In ceusrut furmlng a long series 
of pocket*, which In torn »rv lllled In with sand and 
eruveL It has bevti «U-wjoii-tni1«l that tliU style of 
wall is ijulte as effective us wolld wueni mid of much 
atmre tcotiocuical txuistructiun. 

Naturally, the building of (he ship canal is working 
Croat chaugt* In tho cuuntryalde. Tbe nectluci from tb«- 
lake to the foot of thr e*nir|uueut ctohwh what If 
known us the tiardeu uf Ontiirlu, a dUtrhrt faaauut for 
It* |iroductluu of jH'ticbt-*, grape*, and all kind* of anull 

fnilts. In It* i tbe canal devastates many One 

orchards ami hu»> cuiimiI the dlver-duci id! roads ami a 
geueriil cuttlue up of the hiiidMrwp». At leiist two mil 
wu>« bate bad to be lifted to iirw right* of way* lo 
make tnuii for It and one ataall town has l«.u cut In 
two by It* deep e&nttuilotoi. 

As originally estimated, 1!»1n waa to have MO l&W 

cotnpletluo of the work. owLug. however, t tMlllUne* 

lm|.«od \iy thr wur whlcb bane eoaipellc*) the CaanBtflM 
eoverimi«ot to cut down their expenditure on llw rami I. 
the tune uf eoustrurtloii will he apreud over a lunger 
tteriod. and It may be lirju or even later lN*fore big 
ahlp* enn ut«e the new route from the np|*»r to the lower 
take*. 

\Uoutlme It |m |Hi«*lhle to coualder tbe slgnltlcauee of 
tbe project and to estluuilu wluit lla n/inpletlou will 
mean to luke navigation. Klgbt huiMlrtnl fi*>t locks awl 
a '£*-tt*A channel mean that not ocily can hike ve«*el>* 
b| tbe targent touuage n-e the canal, but Hut BUf 
uccau llwr* will la* abk< lu |hi-h throaeh lo nwer lake 
porta. While much of the iranV of the lakes wilt Mb 
llnue to terminate at or above r>ufful». there U no duulit 
Hint a considerably larger proportion of it than hereto- 
fore will deacetnl to Luke Ontario through UN n*-w 
eanat Aasarwlly, coiidllioiw will be very much ehangod 
wbeu the Mucara cataract Is m*>> more effect Irely 
circumveuted. Tbe bulk of the rnight t tunic to he 
hamlted on Hie hew waterway will be grain, though 
there will be er>oriuoiw ipmntltles of coal and otlu-r bulk 
freight do*tlned for upper lake porU. According to 
tbe liberal Canadian regnlathaia, the cuual will he 



fm> lo all B*aacftg u-n c It. It will lie of great benettt 
to Ike rJM Stale- as Well aa fo tbe I loODluliai of 
Cuuaila. 



Lake On for it 




Old and ne* Wetland ranala between Ijikea Erie and 
Ontario, 




Kxrnvaling enlranc* harbor far the new WeHaad ranal at Port Wcller. 



Deep rut oa the new HeUand canal al the tap of tbe Niagara escarp meat. 
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AvaemhJing abuoH for large work. 



The Cockerill Iron 



( tae of the Famous Manufactories 

By Our Paris Correspondon*' 



I in: fort* <.f U^tft*. Antwerp, ami Nniuur which flg- 
iintl «ii immiliiriitly In the recent w«r event* In B*-l- 
Chun ttad their Iwwvj nrm*>r plnllnu etin»triK-ted at the 
t'orkerllt Inn Work*, located at Henilni:. near llrutwwli*. 
I'minon * ] l klnd« of heavy wur material «w nlw> 
a specialty of ihl- gmii r«tjihllidiuient. 1. In ftict the 




i ,r '" rr . Vet 



Firing tents on a piece of 8-inch armor plate for 
rnpola fart*. 

Cackcrlll [limit rank* among the leading Iron works In 
Kurnp*- Hint* the occupation of Mru-m-i* l-t ibe i>r 
in*i nt heur that the works bore cciummI in ma tot 
luck "f workmen, The foadlug im«it.oa which the great 
. -i. - «Ni-nji|iHl in tin 1 nionufiu-tnrc nf wmr material will 
make ii devrlprtnn nf the vrnlou* part* of the plant a 
tliiirtv one yiwt at present, mi'l the following account I- 



taken from, ilatu furnished by tho ruraimns ** 
vtmaa i-ti ..| The t'nrkeclll plaul extend** «»v»*" 
n rvn u|mwi tin' Mcuse lUraf and the t racks* <»f it* 
Itallmnd lead through It. 

John tockrrlll, tltc wu of an EiuUeiti 
mar noted at an enrl) age f"t hit. inocltft 
anil tlilx itxiirlhuted In ii lane* part to i I » . - 
the Kittiiiilnf n ml weaving industry at I^MSarc n»<^ 
viera. In 1M7 he reretrcd from the KIhk of U«'» ,,,l ..„ 
the chateau (if .Veiling and ground* In order to aw*** 
construct loo works, mid the new afao|sv arrow rai|4«l * J*' * 
fi*w y cum Inter the machine* Itullt hero coil Id rtvam 
I*** F-ngiUh machine*, the only iMilhJerw Impair- * 

at that lima. KmrlUh India-trim MB*, in fact. Ita m 
Introduced M the Continent throueh the rVrii In* "■a**" 
ihrvngbout the ccntor? A blast furnace oporntinr 
coke appeared here In l*rj| ami worked n rt*voliir»ar-a» 
aaaj iron prucvwMca itu the Continent; aiuf iiar* 1 *™* 
uwc of vlrata endne* for aDetalinrgVnl work. One** «■* ^ I 
w:i* a pliiKf In liogj working as well. < JajnaM* * r ~^^ — 
credit for Mram traii»niwt derelii|.in»-«it 1st Ic * 1 '*i 

imd Mi <i.ri«* of ■■EicHniTv and midmi of tl>«? fimt: ^'''1 
■Mai remarkable martitr endnen were bull C li<*rc? It • 
i««rl>- atn«*w. It U v.. tt'j., of note that BMei«*«>««- wl» 
naaie tvniuie m> funwitiN. imiiumI th« period «>f * J %f 

tit Sernlnc and wna rnxneed In deidena of a !>*»*» t w l » -*r.| 
had bish-prewmrr iMdlera with iim*tle trmU* uratiiK r«>r-^N Nj 
drniucht. aM* criKliieM with tairfnc* cwoden»M»t Ion, alB q 
whleh Ideus ww. however, too advniurvd to auceml «| t 
that dale. 

A few ,»ear<* later ww the oMnnieisrenifnt of rnllrc 
iKjIlttluc In IteU-lum. and the eoternrlae of t.t%t> Oorke«-l|| 
workM w*aa abown by th* coital rurtlott. In 1 K315, of CJ^ 0 
(lrxt hKMinaotlve and the rolllnc of the> llmt roll* to 
arqiear on the Continent. From that tlm«« looianotlvt? 
tnilhllnc made rapid nroffmaa at the workta. ttnd all thr* 
newest EuroiMwn ldoaa entered Into thn dc«limi. ATtp r 
that came the Indtirtry of drainage |KimplriK eturlnM Tt* 
tidtxw ami lb*, like, and aa warty aa 184T the ceschraxt^ 
pumping asurhww of Itlej berg were tho «io«t P"wa*-t\^ 
of the Cornwall type taaed oo tba Continent- The 
*tf f.nr.prM.H.Hi air for power work at «rr**nt ©Marati^ 
eaprctelly for mlnea and large tonoela, !»• WB * *>* t-O"' 
l.robk-ma that recelred It* liidttafrlal solution at % * a* 
works, where the engineer Onnnln Soin»nelll*T \ 

Uild gnd impeeredeitted work of tminelliitf M' I 0« P » % *"'w ,r ' 

fninid the iirthe imI lriL*enl..tt« eolttlN »r« t « »r»* hj \\, - > l* 1 * 
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Dcccinlwr ll>, IflH 



and Inelr llcetiaeM hare bow built gna engine* to the 
of alaotm horae- power. Itualng ovi-r the con 
f the I Heel engine, which hn- become « nrotnl- 
thc matter of military conatruetloo mar 
. In «bHi the work* took a leading part. 
Hul Utile or IhU kind of work wan done during the 
earl. .lay. of th» work., and It wa. only 
the »>lllaa iiimilnalllll decided i« have all r.r Hn war 
inatcrliil built In their own owiotry. Since then the 
Cockerlll ewlablMiment too. taken an Important ittuoa In 
live linalttelk f tnltllary aunpllr*. ami It has been ao 

Among the military wort which wan carried out within 
recent yam nan th* coiwtrutliini of the iii|m.[»h for the 
form of Nninur and IJoiie, the armament of the new 
fortH nronml Antwerp, awl the renewal of the field 
artillery. At a recent date the Dclctan ip.»t-erumetit 
■tonic a lour aerie* nf trials on fortrc*a material, and 
aa a mralt It made the choice of the Cuckerlll -Jeel f..r 
the armor plallnu* of cu)M>la* In eeneral. IVoJilc*. It 
■ .-1 the Kyt.tf.ni of cupola* which the comi'tiny pro- 
poaoil after the dealcns of engineer E. Terualrom The 
new *y*tem for tile defence of Antwerp a« entirely 



The area now eovcrerl by the work, la :1TA acrea. of 
nlitch 4)1 acre* are occupied by vnrlou* bulUUne* Tbe 
Arm la capitalized at the |irc«onl time nt rS.rinnrrio, mid 
U a mock cH»|a»n.v, since Hie f,«ii*lnllo„ of the work. 
In 1M3 to June mill, lUMI, no lc*» than JC3u.nl(l,(«NI have 
l>eeti *pent for enlarging the work*. In thl« way the 
raw material resource!*, coal, ore*, etc.. were ltiereused 
and the general deTrioiitnent of the work" n-*ure«t 



menanrea about 400 feet long by 1M feel wide. One lino, atel are convenient for placing auch pieces on the 
I tart of the ahon la 
tin. 1 workmen tin? organized, in 

etklll^l In uw-mhllng of earn fyrs* *'f machine. Two 
'2 ton electric rrm crane* run In tnr shop- A special 
shop contain* tbn tool* fur work which requires great 



The gtvnt lull for fnrgtng machines w»* entirely 
rebuilt In Utth »nd has XIO fort length and 85 feet 
width. One slitc Is occupied by ii line of wlvtceii tvbeat 
liix furnace*. Five electric cranes handle the p***w 



which (ho tfMpt remibre and nil Mini* of ncaii.li.nl work 
• •f IIiIn rUHK 

Tim locomotive work* occupy an area of Uaw square 
vnrdt and have four electric traveling cranes, capable 
ftf lifting load* up to iS tons, which allows of the ready 
litiiMlllim of benty pieces LucoimMirw utr taken In and 
out of the shop on an electric platform nf MMon loncl. 
Here are to he w^-n tjpe* i>f n light locomotive with 
vertical boiler for service lu shofis or on Kiwia! trackJv 
and thli U ooc of the firxn'M upectaltia. Ah to larwe 
tottimotl ves moat of the tTjie* In ui*e oti the Beliflau 
►.urt. rsl1r«n,«lH wen* 'l^-Lci--) ami hullt li*ry; uml 
annuic; fi>rrl«n coinitrtc* furnUifd FratKv, Italy. Spain, 
iVirtugaiL and Itti»*lu nn 1 ini'hak^l. A wcoud shop of 
2,rt*> wiuare yardB ami i« xs*vil for Unlit l.o*ler work, 
••lii-fllhUiif. eop|*r tube*, or mountlnK of (emlrra Loei>- 
mutlYt* lypi* are la wld.^t inrM) nud «■> fn*a tbo 




;e, ( ->ll.!.. rtn^r^ an- taUti\ to 
aihaim-aia^it of tbn men by 
tl.>n».. Mieh a« school*, medical 
coo|ieratire enterprbes 

Oae of the l.»r*l««t tiulldlntpt on the ttnmiwlM lit wru 
ptol by the central machlii* shops, and th* proat hall 



. atKl aid eir«, to 



tratlic. 

A s*eclt>1 ^hop of larire hIzjl- Is iistil for asscmbllnx of 
the lH**ile«t tJlMftt of work, >mh:u a-< larije ateam ecidtiett. 



rollloc ant IK or Inrsv caw endue*. Th* hall ha» an ar#* 
*>f about fI,<NN> aquarc yards and cnotalDs three dlii- 
aknw, Ibe middle one brine alKiut 70 f«Tt hlch, for 
iiwmlillnc of Urue iM'pj,nitun. W%B$ the sWe halts have 
a number of larce mnrhlw to*^ t'raiM'H of |-merful 
ire used her*, eomitrlalng two eleetrle rranm 
which cuii lift ir> tons and run across the main sh»p at 
a helcht of 50 feet. Ol Ibe same rails is a smaller .Vton 
eratie, Other trnvelliriir cranes of fn«tn .% to 'JS too* 
innnHt) are liMalhil In the alaltw of the shop-, 
and fa. llltiile the handling nf heavy forgtn* and ca«t- 



niiitcliii! fmia 15 to 7<H..n type. Ijrtre hydraulic force 
jirv^w.-s are to W >eeu lure, such as the L'.tMJOtmi tji-e 
which U Illustrated. Uulllm: milt Mill up to ID tun trix*? 
can tw formtl. I*roductloa of armor j'lattnx I* a 
Intf fa-atare of tl>e worlis, Tontniry n. the u-un\ pr»e- 
tlce, the eat** f*ir f.--l cuih^h are iimiplelely f..rw«l 
In the hydraulic iwresa-. Inxofa of Mjikar*- aectloB are 
pressed into Hates, nud the eujw are cut out of these 
plates tn tbe form of diets: then after n-beatlnc. tin- 
diaba are pressed into convex thane ta-lween mold", 
lifter which the? are ci.refulL* tempere«l Ud lianlened 
fitw Illustration rsftrvneiitx firlui; mad*' n|*.n a 

filooe of K^lnrh nrmnr plate for cupola, niul It ttrsl took 
Mtc proyertlles tired at a marxli- reloctty of 1<flO0 feet 
per secooiL *>u a aetxinsl round, it *1<khI eiirtit other 
pm>He(]lea ah+d at velovitte* wp lo fr«*t |sf Hr.-ihjiil. 

The artilh-ry v...rk* aim! the larlmiH »j t o|i- therewith 
connected rnru o«i a irreut .aiieiy of ttrduauv. Arasinc 
these we note cannon nf fortresa and marine types, flelij 
etuis, rut rid Urine cannon, mortars ur bowiliers of nipld 
flrinjc tUH'-t. t]ierlal vartelles for coloiik"« and nincrx 
•tn nickel atwl, also xuu i-arrlaaeN H i»l 
the like I'mjeitllea a«' In preat variety, and other 
material of this class. 

t'ther lairtfi of this irreat plant mu<t la* jaissed over 
briefly, Imt nienllnn kIkiuIi! Is? made of the six bU-*t fur 



wllh tile Hi*v»»>iu* - T eonverters for IH«I ImMh of aleel 
liip-t* dally, lo-zetlicr with dine Siemens Ma rill fur- 
naces <if 15 ton cturce which, comblno'l. will clre 
*.Vton lOiMh Much of the con I usi^l <v.mes from i 
whU-h are H|tuate«l on tbe premlm-H. and oni are 
briHiRht fn.m T^-rralivn\ LusemtM-Mi-s. and other places. 



Oa B t>f the. 

by the Irvpartmrnt of Agriculture, aa outlined by the 
Secretary In his annual report. Is In relation to the 
murketlnx of f-«»d producls; and that an Impnuod aya- 
tem in Ui.II) iwealial may ra» lllnatrated by ttu> follow- 
hn: HtnU'iuent quoted from the report: 

"Mlehlimu drirsaeil veal 4!alves eifiressed lo South 
Water .Street cianmissjon bou-wa at Chicago have Ireen 
relunasl t>> the Identical Mhlpiditg pohtla fn-iu which 
tie'* i-*m>- flM urden* fr.ou local rvlall market-." 

Simitar eoinllllfua larmHy prevail In n-sard to . i. >■: 
every other pr-sliict of the farm, and It Is evident that 
«iue Improved system of distriboition thut wUl stlmu 
late locut markelt and eliminate the et|K<nau of 
many iMterrntsHale IiaikUIiup* and b4<ary traiiMiaeTtaiKm 
ttiiirytw toDht U> devi-lopnj to eoiintcract tbe rapidly 

la- borne by the coimumer. 

TtoN sub>ect. boweTer. did uot urlxlriate with tbe I»e- 
parfmeut, for It In h iiioietuetit that luo* npniits up to 
vartoita part^ of tN- country- In rvspioiw to the rva!l*a- 



but to if fully effective a system udiipt<*<l to the whole 
o-«olr> ahoqid l«e -I-vI-hhI. ;tnd UlW H the wort uow 
Itelne uioleHakeo Ah ;i prellnlnary , lufririnath'ii an to 
whar hae, nlrea.ly bet>n d<*»' !*• U-ll-c ^rlleeted, ami thl* 



I |danv 

"A re«N.nl of ri>or»- Hum mnrketlinc » »-Ha-la t lous. 

..r al^.itr 1!.T«ki o-«|«yrat1<e ami farmers* elctator*. of 
'j_r*\t eo 4H«eratlve and faniier^ mn iiu'-rl**, and tn.-re 
than U««J n> opera tire fmlt and pn«dwv nv-nebitUina 
has been MtHttHa While the Mirvey Is not complete, it 
In reported thai o.r-t a UHlmt diHlan*' wurtb of acrlewl 
I tn til prodmi^ are annually auarkclod by OMpHttlVI 
an* I furmers' uuirketlnc ttssurlatlnnK 

'"I'he e»*,el!iNl"ti Nretns Ju**ith<ii thai Hi •ouiiuuiiltMs 
wlten' fanuert' a k«* M-hitloiis nrc pmja'rly constituted 
ami operated latter remilla a 
>> nem of Individual haiidllnx. 
tl;«em-M.|v«-* tn tbe itiindardlitn,: anil packliit. >if pn-hs-t- 
and In tbe dtmivvrr of tbe ta^t dally niarket. Mucti 
Itiformallou han | N <e n Mvured aa to tbe laws of the 



created. 11it> effort Is bcluc made to determine the 
prlnclplrs on which tin- enterprise* that ha«e mieciHittil 
have i^kfnili'.l ritnl i Jii -e upi-ti which th« 4-nft rptl-*^ 
WhU-h have fulled have pnNHvdetl Likewise Ui>iurles bnte 



-orpin*. Ibe rate of 
tl««, the price* .<f 
arean, ami the |<«udbllitles of 
an reo&omical wa> " . 
r.wn it these Iht^flfrnll.aiM J.. 




not lend to any gov 



nc i r in c polarity of Electric Circuits 

Is tbtM tla.v" wheu there is auch a multitude of elec- 
trical aiepllam-e-. on tt*.- marker, for every Imaiiinable 
purpose. It Is often iteslrable to ascertain the |adarlty 
of the rln uit on wblrh ■Hdiie derlce Is to t»e 
Hiin- find fiimple metlnsi of determtnl»£ this la 
by K, P, Aiupuilla In u recent fcwue 4if i'utrrr. 

The sketrh ahowa a *lin|de mewls* of 
Ity In n direct -cur rv-tit circuit. It cwciabda of a 
U mounted a HI 




Apparatus fas detecting polarity In direct -current 
circniC 

and »ocket. lu circuit with two terminals V und t" and 
two pieces of foslhle wire /» nnd f which project Into 
a t-iHw (xuitainlcifi water with S or 10 drops of sulphuric 
•ctaj. 

When tbe tenniiial iwets luve been connected lu the 
dlQiU tbe lamp will Jlshl and htihhle- will ap]M-ar In 
tbe tfla^. Within a xtw.rt t1i»e, one of the 

n 

The former will denote the positive ami tbe latter the 



r.tatMl RtHuta and the (■mrrntnenl 

Is bis uunital report, the Sci-rHary of Afrlculture 
very pnictlcul m^tinn on the .|iie*llon of r.mxI 
nmdH ami the Million of tbe UoTemment thereto 

■ tonal ri ai d" are eipiallj Inllmatelv related tnilh lo tbe 
l«l'-If- ll-.n iilel dl-f lil.'ill -I of farm 1-riMllirtei TTt*'\ sr.- 

pn-rojnlstt.- not only to isMiiouih-al production and dU 
trthutlou. but also to the prarnotUiu of the broader llfe 
of live communities. Tbe crc.it nei^L i*i-Uiusly, la for 
roHdx which nhall aet prislurtn fn-tn ibe farm to tbe 
in-ir«>r rnllviiiy Hint Ion, nwhle the farmer to haul when 
he cannot nnd reap, and lo haul at a h»wer rale, to 
trsDHHirt hi* cblldrcn m caaa^MlMt4 s-'Iwm.U, and to 
enjoy comfortnhly hLs siwlat eiitea.rlacs. It Is e»tlmiito<l 
ih.nl Is <>t-«pi 2-1 cmila under exlsllujc coodltlona to haul 
a Ion a mil** on Dm- ateruife country rood, ami that this 
could 1n> redi»c«l by isie half If tbe ro M d* were Im 
pn.v.sl Tin- pr.et.lem |. |«arl l> . of otir-e, mar of fund".. 



ilstrallon. Tbe Nalton loday la up 
1 1 ix annual!) the equivalent of tbe bust* sum of |300,- 
tMNJ.iJDU for riatda, an enurnMSia IncnrttM? lu the la>t 
(U'cude. Much of this la directed by lia*al surwrrlsors. 
and it is estimated by eiia-ris tbit of tbe amount i*. 
dln-cie.1 from »i to ¥} i«er i*ent la, n*lnUvely Hf«klujs, 
nAHt«sl or ndsdlrected " 

Ttuit (Ml should be the QtM la no| In the least *ur- 
prtvliit: fllu-n we learn thai les*. than half trn- States 



>.f litem have mi? «*rt of expert local nmchlnery : and 
thl- >frodii*ly Mi«K<rHi*j that present methods of di*lrlh- 
utlus the .NatUiu* money on the IttHlx of the |m>Ui1cu| 
results to be obtained Hhould I* rt>vla*il I it hi* attxeea- 
lioci*. for future prot?edure. tbe report sucuests that If 
direct Ftaleral aid t< to he extendisi it sJiould be done 
■ aily uinler hucu rsi»dlll--Jtia aa will iruarutitee a dollar 'h 
resailla for every dollar of expenditure, and partly lit 
view of Ihls, It la suggested that "leelMlatlon xboutd 
provide for co-«ia*ratli)u between tbn IV-deral tlovcm- 
ment and the Slates, and that tbe State, ttiroutrh an 
e\|»-rt hUhwny otuimlsalou. should U- tbe lowest unft 
with which the rVdVral machinery ahouhl deal, If the 
law reeoutdze* only a ft»titral highway co«ii»i>*>doti, It 
villi strenxtbeu the hands of those tlutt now cxb.t iiim! 
secure tbe creation of auch bodies In the twenty six: 
States that d« not now have them. Tbe mere creation 
of Mich h-lb.* In every State would n marked gain." 

In formulating road schetius., thias^ lutere*«ieil UNually 
hud it convenient to omit any n'ferenee to the flqMHf 
Importniif- feature of mnintenarav. but in regard to thl*. 



la- limited Mrblly to 
I iiroJectM and not naisl for 
Is- truly any*, would Involve the I Jovernmcnt | n a wry 
un-afe aia! umvrtaln eisarse. 



T raining Rlephants in the Belgian 1'oago 

Tnr. authorities in tbe Belgian Congo have 1st* n nta>k- 
ing some interesting experimentH in rnisuig and irninini.* 
native Afri- nn elepKantM for domestic um*, ami n>- 



II 

sulls of his work wen- giv.-u by Capt. iAplume, tho 
direetor <>f tbe elephant training slation. at thsi Inter- 
ttatkonal t *i*ii|fr*** of Tropical Agriculture. A Iraining 
*uti.m wo* praet'tl at A pi wio-rs, el^pKatilx ar» jssr- 
tieuUriy numerous- t'apt. I^plume enptunsi his first 
elephant- In IWIO, and in 11103 he had caught tif.een of 
the*e nninoiU. He htm rn.w thirty-four \* tin* ynunar 
captive* btH-Aoic tamer and older, he itartoil training 
them for agrieiiltural work 'icurryuig, eart-lnvtiim. 

Tliaatatiim now po^ssatea -txte. ii elephant* 

of thi 



an- now ,■ n to 




m o/ 4 U.e olde-r 
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The Psychanalytic Movement- 

Its Services in the Prevention of Insanity 
By Joints J. Putnam, M l>. 



1 i \itu4MTANu Ibat the problem before n* for illacua. 
*ton la. Hun- can ire brat help lieopl* to |>ru~rTYo tbclr 
weula) health? mid lira I my part ill It !>. lo nmmiT On' 
twrtk-ular ouoVliir,, Wfaai contribution can iif^vrhrtii- 
tiljKt* inabo toward thin eDd? 

It Is, however, ffenuuue lo 
|v>i:uaua)v«ttj If beet dcBuable, 

point ot view, aa an educational mrtilixl uf hbth vnlw. 
■ul doer, under all drrutn»l»DCV», H HMU lta useful 
new largely thruiuh helping the patient to become a 
more thoughtful, more rational, oud more mature pet 
soli. Uin nine* of prevention and the abut! of trentineut 
arc to a crent extent the «bw. 

It U my confident belief that the contribution of tbe 



*nmt ' 



t>»t 



• l(li 
piliicd 



1 IT*— 



*. but that It nil) nuke lt«4r felt not «o 
much directly, through tbe treatment of Individual 
jiatlenK n» Indirectly and gradually Ihroucb ibe orlnn. 
ulna whlcb thane noarchlni: arudlca Into the nature anxl 



feur* U lalcllljcciit eiMUifh (after a ecTtulu 
treatment i and frahli etwiktli to «» and sny 
wilnc rmjico lie fecU bettor antuilled with ,nc '"^i 
\~-u offered by hh <lb»» Utloo than by Ibm* 
by health; tntio. unuwly. when In l* well * w * ll ' , |r |ji- 
my that Inamuuch aM riiiinc at situation* uuil re-nunciiitlona that be Is u ^, tl , 5 
from tbe therapeutic Init to contemplate. The only alternative reeour* • tJ)it 
!,. he Miklde. X- a role, of course, the loS^ "^ch 
procraa la concealed fiom his coimekius vie*- to 
persons are saaicwhnt like cbUilren, wno ^nrj'* 
create. In fancy, a separate realm of feclinB V (#T t»c ot ^•pA** 1 
to whkh tbey may retreat' for ttio private «*> oat" 1 * ,..*n« ,a . „\ 
of cuiolloua In whk* (lie other olcnienbi uf the 1 ' r**"°, e>»* "1 
do nut penult tbom opMiIy to tndulire. In ll * .A**- i» l "* 
,,t fancy the cblld may become for the time » V.v*»*"^ * . 
a liebiit to whom all «urt» »l M«-«« »f lin *,^ fl ^^ 



1 » v 

1 



, llu ,o..KU U...U-HK 

„.c b-- 1 ; rf 

.uucity u. "bleb b« » it . 



■ ■ 



■» , Ulc" 1 , ,e„ iu»<!e til" 



bW1 , „.»• 



11* » v 

infirt't'* 



.ml home 
anient «l» #( 



ctoUtfa ** vl "* 



' . ^lt.W<= 



are permlnfllble. IT, howt'VtT. lie *tny* tn tblts ' 



Huru 



thw catuca exert in ooc or auotlier ca 
tbe COQtrvllbiK Uiflowic*. tin* <ru* mon 

It Is. Mew, cwUlit that eteo vh«re ttata la an, (ba 
OMCfcanUa. of tix« paycbrHda, as a HMnta.1 phcaanMnoc 
ami u the alcn of tbo occurrence at a muatal procesa 
liavluc a mure at leas rlettrly OeflOoible aim and loan- 
ing, oogbt to be »pfrllK«Ily MviH-mI. awl that In order 
to do thin tbnroiishly tba pbysldnn sbould taaro made 
bltnaelf aware of tbe patient's loner life, both as an 
ItKllvMuiil and a» a member aud renreitculative of a 
aortn) group or mclal priM)i»*- 

'i'hc paycbOMta and paycbon^nrnfaM are nnt tn bo m 
jtardf^ (|oycho4oKtailly) aa mere mbrforttines or mere 
a«id*iit». b«t as phenomena that repmeut deftultc, 
lnxtlnctlvfl attniapla at w*dJU8U»oiit and toe Mcurlnf 
of somn worknhta nqnlllhrlnu, an tho pan of peruana 

Lu tlw f8<e of tills or 
that Hiprte) strain, aiwl whom.* fK»wi«r> »t rMtdjustmeiit 
bad nbown thom«c]vc« lnaKtei)iiari> to the tank of rwd>r- 
loc tbe disturbed balance tn any better faablon. Thla 




and ntbura wbo h«t»> atooii for a partially fn>cbo«w.le 
orltrln of the pajrhoaca. nnd liavp n?cni;bliPd (but the 
OtHiKlHutloufil and Ccmpcrnmcnta) make np of <*ach pa- 
tient'H perMMialltjr Is imrtlaily rrapoorfblc for his ill. 
dons, or, aa I nhouM my. for t 
liMtlftctirely adopts to rmRMirt hlitkwlf. 
form, In abort, eo* more tltustradoo of tbe i 
dpl« tbat 1llne«ef way be rlHaalfled ds tbe o 
of nfforta toward a certain t>oft of beatth. 

11 way from IIm> imtleut ri cottfcfco»» pU&t of ri CWi and to 
doploee wltb htui and hi* frletuls, as If fur a misfortune 
wltbnut mitigation, th»* »ignn of an onpomlnf aaanbi or 
deiM-emlon or pnmnoln or desnontln prnitroi. Hnt If, 
tbrouth the aid of kuowlcdce and lnalj:ht. ome can sac 
wl Hi I'lioln* oiieMflf in Ihe depths of the imtlnit's 
mhid. nt tbo cr-jitor of I>Im vain atniKXlev to lualu* tbo 
rondlttons around him »|imrvt with hU drt.1r«tit, «vpn 
tltouxh them be Immature and narrow. It becomes pos- 
fihk' to sr that hi* Illness may huve furnished him a 
rvnl way out of hi* pcrnU'X.iy. evori if itot (he one tbat 
wo, InnkiniE on. or be. If i>04<m>kmh1 of 
letxlEbt, mlfht bavo wished In see adopted. The < 
of thin Oj*Ky|ttktn beooene* clearer If wie Hcrulinlzes. to 
tHisin with, the psjcholoule Hl»nl6esi!i<e of wif's own flts 
of tMnporary dopnttsitoia, of th* "bins*.'* Wru.t*T*r #l»e 



1 to bury ourselves In an ocean of self eujiruss* 
iiionl, ■»'lf-|eSt)T or xflf cotmaeudatbw In which we may 
Im*i>ih.> fur tbo tim>e h*>in^ nlnost u* tboh>ui(hty lui- 
mrr«ed ih a dcmrnlU prnecox patient In bU dolnalona. 

1 and Its 

It occauloimlly Ii»P(««in tbnt a pattont with ubsemlTe 

* Ai'Mrtct of » i>*|i»-r fMiii \wt*r* th* iVrtt** oo Ntnoua 
M.i M.. n ,.( rH» »— Hi- Mir v lift li Annual !^ •**->!. of tbo 
^•-rl«n Y^ir-i A«>,icilDa. AtlaatU atj, N. J. 



I.- 



atr.-Dfletl with dlfn«*atf^, 



educators, lo i-n>(-Tliof. *m tbe principle* dlsroTwod or 
einphonlxod by tbem bectioMt nil Integra] part of psycho' 
locic doctrine. 
To assert that it U poaslblc to prevent or cure a 

the paychOrPftnle orljdn of tbean dlne»aea. To malnuiu 
this la not to deny that special toxic Influences, general 
disorders «f metoboUsm. or abtiorm* title* of cerebral 
Htrtictwre or tfevelopusfiit may play an important iwrt 



n.*Mpoft»lhltlty may 

when 1iu nouictlinr* In deraerrtui irtiio-ox 
It In mnwlhte to Ret at the ptitletil'H ilolu-tlon^ frt» 
•leefier and. to him, better nWe. a* 
Wlinl Miidi a child doe*) f«<r u brief Mpace, W^^pVed, 




wlth-lrowj. Iut„ lhl» dellxhtful uwld ot rnncj, f**' 
It may lie, by belupi foim «ncnc oth«r »|>her^» . c \ 
liunipbreijic iL f . "dlswoclaled" tir fWl»ls3or>llS-** ? 
lititletit may — lu tlic tcrmit af thlw IranortJtiit tiiir 
l»n Aiibl peruisiinitly to do. Awl. m*tttt4* m»/*r7 s^***' ** 
Kimliai statciiM'iits luay lie made for dim n U*-dpj,r<_«e' £!4 ' 1,6 
and for paraMild patients. Hik-h fwrsouM nitty, n«nr-»^^' 
becucue bi different decrees and ways, no pmoppu 
with Ihe delalts of their "autistic" life. evi>n *rhc»* 
tbn nntralned eye, thi*j does no* appear to f>c a t hf* cj 
tbey may KH so immersed tn their fa ota itnU *a 
dreams tbnt tbey lose toocb, to a Riootor or If?** 94 
with the life of relative reality. 

We are bw opt to deOne each i41ier*a t^iKl^"*' 1 *** 
brrnui of misfortune wonkix**!, <leflob>n<:y, *»ii*t lat« 
Thin procedure is mlsleailinj;. Tbem la poitlly no * 
nepitU-e lu nature. If a Hot of ground tUn*** l»ot 
fmas, It ruist to weeds, but tbe weed* are iioal ta» T f? 

lit tbelr nature ft* the «nis*i and often more re^lwUvo fc> 

<1cat7UctllMl. 

Life may often be aalil to iv.hhUi lo tbe grndual C m »t 
tlmca apparently owldcd uhiiiulnciment of *»<i«illljiriii«r"»=lfc ; 

In fav.w of new and uk.cc ln»Utent W |ulllbrlu»»« tr»^ t ' 
loom up n« rvpreacntlng, n» the enac may be, tt mc»»-ar»«^ 
advanced (sublimated) ne a more re«rP«Mtv«i <lnfe« 
IUc) but accmlmrly more stable irta«e of evolution or or 
erolutliKiary teoileocy. 

It 1» In tbe t*m» of thin pnienK Uiut ttte lilntory of 
the payeboaea should be n-rltten. 

Hut I poos. now. from tbe consideration of tli«» mofli^ 
anlam uf tbe pnyebow mid tbe n-»d» of 1 1 »** rllatlnct.ly 
neurotic child to the »ilhj.«1 of prnYcnltvo oUttcatlon In 
the atrlelM ww, awl 1 attempt iirnln to Bimwcr th„ 
iluiMUm. Wmtt contrlbntloo hoa pnycbailielly"'" ,0 o(T,» r 

A» I bare already Indknted. tbl» contrlbtltlon wtVy 
perbarw nlwaya be lofiluly an Indirect out?. 
iMhlni; »o intienante as tbat pareolt. or 



abnuld practice payrhunulyda: but I nnlutnlii that tV^y • 

more lo teachers, and a b.«1 deal to tb« fnmlly l>hy^»- 
clan. All then* rhuus of penou" neetfl t€t t«ve t^y^ 



^ tVxe-e ******* Zto «* - 
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own note** of rtew reformed before titey •'tnRj» >f ; J *Vv^ 
form tbo character of the child. Thoy tiood ■ V(,j »,» 
comprebenalon than that «blch tanx **>™ Kv.'^^f 
hitherto, an to what the paycboknrlc nuttirt? of Ibo ^T^nf 
In. and what hh porponcn nnd hU dnogors" aw, i Vk ^ ^Xi;,! 
l>n«H)d In trnna of bin vuaaicta, bi» conceal n^j 



„ ii.ltcni.oja mctl,.,,, * w » for 

A N f a biirh imam, - r d,, i 



repmuuri tboacnla, fecllngn nnd deolren. 
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1 i. heard of th '^ inmUror. ' "^.^ 



>roi»|»r* HVutar'a P., AotlkOfeha Denkon. 
|1yHu»iulytla'lic uad EMt>>c4c«l»<he PoeachouB*"! 

•I »*y "rtlatlrf rolltr." he<-«ine ttoo 
ttoaal aad uml <nr\ <•< uf. «>r|« li< f..r» nn.l 
InMCnatloii cf "icli to.ll>Wu«L r.mrt |.r«>'' « 
pari, bin [wfMUl world alone. 
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Why Rivers Overflow 

How Floods May Be Prevented 

Hy Arthur E. Morpiii 




Miami River at low stage, abotil IweWe miles below Dayton. Ohio. 

atu.wlsc fnalM *# Mih> hy th* ftood, ami 01 tba tllalssrs tbe pUrt nf a MkIiw.it hrhlg* which waa *w»e4 away hjr tha Dr-al. TW river Wn I* ihMrt 5 f**1 4eea- at low water 

•nil about +IKI fert wfc** Wwm« III" natural Ua.nk*, whU-li nr« about 7 t**t above Inw water. In the l»l"l Bo>mI t b# water nwt* T2 f**< above low water, «uhia*rala« the natural asiaa* l,* 
fawt ami n|ir**illui; kaajf Ik* vmiUy to a w I ilia of *mm half HilW. Tba channel cajo.-lty la aUoit 1U per nut uf 1W «.wm) Rim nf 1011- 



lt* making engineer* ami tin* public arounlntcd with 
plans for Hiaal prevention It would arena urjueci**sury tw 
U'itId by an explanation of "What Is » river V Yet cmi- 
fuslon of Ideas anil mUandrrstandlng ou tbla (stint In a 
most pro I irk 1 source of difficult), md old) with th* 
I to bile, but »IUi unity engineers. 

A com (won ly held 1aiprt>w»on coisrernlni: the origin 
and functions of rhvw inli£tit be expressed wimra-bit 
n* follow* : 

"Aa a iMirt of Ibe work of rrcstli*i it wn- neccaasry 
to design ami lo create a fjrstan of channel* for thr 
iwirpoa*. of carrying to the ocean the surplus waler full 
tug upon the Land. This being the object for at»l the 
manner in which rivers wen* created, tbey »u«t nor** 
sartly nerve the piirp***r. imlw 1 have tas»n ahuacd 
In no taw way. If flood* occur and <lo great damage. It 
mux lie hocausw ux-n hare rut down th* forest or have 
obstructed the channels, or have occupied a part of the 
channels which rightfully belong to the river*," 

Thla attitude wan evprvwanl by a IT. H. Government 
engineer who addressed a gathering nf profile In Ohio 
after tbn iVoods of March. ltU'l. He la quoted a* saying 
that the flood occurred, not In the river* u« 0>«1 wnde 
them, but In river* obstructed by uV*ra>. by building* In 
the chnniteL and by bridge pier*. 

Aa a matter of fact, a river La not made to order. It 
la nothlnp more or leaa than the accidental path made 
by water In fotlowluic tbe line of least reabitaiice. There 
In do ireeewary rvtatloci between channel capacity ajafl 
flnod dlacfaarpe, aiMl whether the path U Innte euonich 
to carry* Hood flow* depends entirely upon the natural 
conditions uhlcb bat-e exiated while that puth ffM 
belxu; made. Within the 1'titted Sfafew noe may Had 
riireni In all dlaim« of deralocunent. frNun (he rlter which 




Fif. ».— Vte»a rraaa land tide nf a U*M duriar hirh water. Mr. I^View from the riffff al«V of levee abo»a in Fin- *. 

TH* aackl t>f «*rta ar* r^lM Jl«r»e rbe taf> of th* |n<« in prvrrat a braak when tW leaaaa fhowlng ha fa of aanit ptkd — th* 'teat of Cbe (•*■*. Ijitre Hi* rtn-r raaw villi rartliar 

■tv *Ttet«ta«al %j dutxia a»'t rav<*Pi first ro* of aacka. 



Imh entirely loot It* channel and la akiwly dlitkiutc 
path for lt«-lf thnxttfh the flat oarnial plain, to the one 
which baa due a Intw channel thai) It cnu ever 1111. 
1'or Instance, the llwtaon Hirer from Troy to tta uaouth. 




Ki«. i; — l hirine averllaw on Ihe Miaalaalpiii River. 




Fijr. 7. — Shawintr depth of overflow of water forty 
milca back from the river channel — Mlaalsalppl 

River. 



even In tltaaw of *»t rente tViod. la tio wore than the 
viniill threiid of a Ktienm dowliu; nh'Hj: the Imir.-m uf a 
ueefi iiorue which the river has cut out for Itself during 
past aces. A atill more extreme case I* tbe middle taa> 
tlon of tbe Colorado River, where It flows aa a (lay 

thread lit like l**l«on of a jforre U mile ilHe|i. Tbe word 

"euflioi" U iwil to dp*«.*rtl*- a river channel In which 
tli la dccticiilnc of Hie lait baa la<eu carried to aa 
eat rente. 

On Ihe other ImimI. utauy ritefH fall entlnd> to dl< 
etuintM'ta xarlV'leul fiw llw lloal flow The natural notl 
unliu|ir<iviil cbniinel of ihe Mluiol Klt. r In Ohio haa a 
cu|«dty of alaiait in p*«r cent uf the fires te«t dLte barge, 
not-h us ocrtirred last year. The Uhick Ulver. wbcre it 
lenve* Die thtark Mountain* in Miwouri, liu* a ilniltmce 
arm of nlNiul l.l.'ai wpmre mllea. and u pn^lialdf niovl 
mon flood discharge of about Hn.nsi cubic reel |<*-r 
second. The capacity of the rlrer ehanuel tbroiicb the 
plains after It leaves tbe hills Is about l.(Mk> cubic feet 
|«>r NertHniL imt abniil 3 per rent of the (mslble m:»\i 
n u. fl.asj. The Hi. Fraiwla RUer. where It leaver the 
monutalus In Mtaaourl, ha* n draittagw arm of about 
IJBQO aiinare miles, and u mnxlmom n<«od dlscbarptt 
probably In excesa of 13<«.0U0 cubic feet per sccoimL It 
baa a chaaisrl capadiy thnmirli the Hat lands of a few 
hundred to ntntut ld,fHM> cubic feet )«■'■ xtsMii.l. ..r fr.-m 
lev* than 1 per cent to alajiit 5 per cent uf the eMr**iue 
flow. The i. "old water Hirer, In northeru MlasUsliajtl. baa 
a drainage area of more than l.thAi square mites of bill 
laud la a region of heavy nilufatl. lis maximum flood 
discharge will probably be In etc*** of Kal.org> cubic 
reet iwr second, roceut tu*ni dUi-hsrge*t having been 
about -10.000 ruble fort per second. Yet the channel of 
this river, both In tbr bills mid In tbe flat land* Jtiai 




With (lie breaking of ■ levee during flood there ia a great rush of wator* *»-** it at*» 

If tbe rivet w«*t uarvatralae<] by lnee« tt wnM wk a »Wth of 00 of 70 mite* daring hlfk w«t«r at thin pnUlfe 1*ts « J 



after leailitg flie Ml'-, tin" a capacity of about two cubic 
fret iMtr second, or utmut I per cent of the maximum 
flood ft<ivr. The Castor Hirer, Id southeast Mls-ovr!, 
has ii dmiuuee ami of about 300 square miles. In Ihla 
oaw>, Che well-defined channel In the mountain* entirely 
disappears la the flat lands, where the river loses Itself 
In Hut. wet wood*. Tbe Ited Ithcr at tbe east bottler 
\A Texan, with a drainage area of about 40,000 Mjuatv 
.titles, will curry nt a hank full *uigc. perhaps 3D |*r 
cent of the maximum flood. Tike upper Nile Hirer along; 
(•arts of It* co u rue not only ban liisuflk-ieiit channel 
capacity, but Actually 1«.-*»m Its welt-uVflitod rhuunpl stint 
tweoturis a broad niarsb covering hundred* of square 
nillcs. As u matter of fact. It Is very neluVim that we 
litMl ii river which ban a. channel capacity proportioned 
to Its flood discharge. In nearly orery cane, this capnc- 
Ity Is either excessive or deficient, white In soma river* 
iMith conditions occur. For lnataucv. the upper Mivd.* 
ajana] In many »f Uh reaches hu* ii capacity several times 
us zrest as tho maximum Ann-, while through It* lower 
course at ii bank-full stage It will earn.' (<erha|«* not 
more than half of the maximum. The Colorado Hirer 
Is another axampln of the saano condition 

Tbe fact Is. oar rivers are not Uiibdiod crentlona pur- 
jswety fltted to fulfill their profier function*. They are 
arctdetdnl affairs, nosny of them still Lu the mnklug. 
other*, especially those flowing thrvuva broad, flat rut- 



ley* which buve beeu built up by the dopoult of . 
iliirlun overflow, coin* to a »date of H»|«I1ll»rliif**- w hk 1 
the channel Is targe, eoouclt to curry tin- iiwiui I POW» 
such eases, tbe overflow of the flat ImicIh « 1oii« t 
rlftrffa wiutHlaieM over great areas, Is-n noritwil om» 
tkm .luii I.; inch water. All »»eh river*. If t !■«*>' 
seTve tbelr |«jrjK>sc. must ks? controlled, itmm**«iO, i» * 
managed. Tlw following table gives for I ffrms 

the drnliiux*' aroa, tbe maximum OihmI flow, t ti»* <*l'" r > *■ 
capacities, and the channel ra|«Lcltlc* u* [n-rc-t'iit » * 
tbe maximum flood (Sow. 
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Fir- A— Mad River at l»« -water stajre just below Sprinttflrld. Ohio, a boot 
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An a nutter tit (act. In the lower 



protection works. 
II In ml VKOtJ rh, 



much greater Uuiti (hi- capacities M the river outside of 
the cities. Through th* main pan est tbe city or UumJI 
tan, Ohio, to* rapacity of tbe channel at fatal full stage 
U about 8(1,000 cable feet |»t second. Above sod bvkiw 
Hamilton through ogrlcultunil )h nils where lb* river 
rhutiDcl litis Own neHher Improved imr encroached up.* 
it haa a m|si<-lt; ut tsiuk-full stage of ntHmt SEVjOOO 
cubic feet |Hir second. Through Ibe city of Ihaytoti. t hi* 
river channel nan a capacity ut bunk-fall singe of about 
IS'. UtllC flfl per ...| iiml ullhin -ii" levee* i f 

■MM lonoon euMe feet iwr sec. .ml. Through th« agri- 
cultural busts ls>tow Um oily, where the nututul chnn 
l-i capacity lui* Imm'Ii neither diminished Dor Increased, 
the river at Imuk full stage will carry 1A.UUO to 30,000 
cubic feet per second. As the lllscilll rge ilurlug the flood 
of linn MI al-out 2flO,OoO cubic feet per second at Day- 
Kin ami alsmt X*t,i**> cubtc feet per ancond at llnrajl 
ton. It can he seen that the channels of theae strcuins 
iu their natural unimproved condition* have a capacity 
of leti* than 10 per cent of Uie extreme flood flow, utul 
thai lhr.engb the cftlea they have capacities of alsmt 
uoe third of the extreme tloc 
tUms, determined by actual 
by si rea m gaginr*. It li not correct to i 
..l~tru. tli.tw an the clilef cause of ft.-.! ilunuixe lu the 



limit of the city wu» 4 feet 
II 

aide of the 

l.y cai 



and at the npjier 






In antue eoacs care had not been taken li. ilelcrmlulng 
thc cuu.He of Biasl damage Take, for Instance, u report 
by Ci H Kilgllieer* oti coudltlous ut Mlamlsburg. Ohio. 
<«i the Mlntul Hirer. A mile more tliuu a mile below 
the lower limits of this city the rlier valley In cressed 
by a high railroad cmluiikmenr, which «*n um ..vcr- 
to|i|axi during the H.nmL The aurface slope ltir.Mi-.-li this 
lain ivf I he river iiveraireil obunt 3 feet to the mile. 
Very careful measuronseiifN at the oaaln bridge uiwulug 
through thla embankment show that the waler otiorc 
the embankment at the bridge wan nt-i feet higher (bun 
The Hood level at the nTsJW 



any. effect Dana rli.i -mo - in il ,• eity where the fl.ssl 
elevation wo» I to II feet nls.te the flood eleratlim at 
Hie u-edreiiin side of thb embankment ; yet tbe follow 
lug statement iipt-nir» In the above meullotus] re|*jrt : 
"It aosma choir that the bin: und massive embankment 
below the town wan the primary cause of the extreme 
lntli water, which wu* said to be from » to 11 feet 
lillther than Hie previous r.w.r.1 or ISBH Thla embank 
nienl HiH built within tbe past few year*, and this la 
the 0l>t test l.y Hood." Such n statement, made wllb 
out ascertaining Hie fact.-, leaves behind a residuum of 
ml-inl.irmail.il. whleli must be overcome, eapeelally 
when the name of the t . S. Government adibi prestige 
to (be error. As a matter of fact, the reason why the 
0.n«l Mane In 191.1 was 0 to II feet higher than that of 
I'll- U ibat the discharge In 1013 wna 




Fig. I 



Fig 3 
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Fig. 2 



Fig. 4 



rie\ I — ltu.li.in River, near kle-ltanleivHIe, IV. T. OrvHaary .IK'liante «,ooo cuhK fret r*r ser-Mid : floc-J .Ix-vhs-a... 
Illl.om coMc bet per vc-ond. W«. a «ranil tanrua of the CMoradn. Ilar-lyvlll-v ArU.rt>» Unltury .ll-.n,-r». 
4T.IMKI rvUt fsel par .r-N.hd f.n«i .It*, n ie , vo imm. -iii.l.- f-et pre aemn.1. ria. X— lllakU-im.l Mlear. nmr 1*U)Um-. 
Iowa- Onllamry .1 t-Ktn.no>. 440000 enl.lr feet per -ei-aaMl; O.-mI ilu-rUsnp-. 4AO,uU0 aoMa bet k*f aaaMi. ria. 4 — 
MhMU-ilppI Itirrr. twar n.i.utb ut knl Ulwr Ordlaary d-tsHtHno*. 200,000 t-ul-lr f.-rt p.-f IBBBaal ; Hoi-1 UUcbKrK.', 
( A|.|....>l,...l. Mak fall caiaelly, 1.000,000 cubic (ret pal sa.oud.l 



Croaa-aectiaina of various types of river Talleya. 



secoud feet as commred with about 00,000 aecoorl-f*M 
lu IM»s. tbe entire flow huvlnc to noas thro«Bh u very 
Mir** isdot In live valley laitwren hills. It should he 
noted that this bride* and embankment formed one of 
tbe moat extreme cases of channel contraction to be 
found In the entire flooded district, and that In few, If 
any other cam-*, has any single otsu ruction cauwd aa 
treat a dHTereiiee In elevation. 

A careful study of many other situations where Hood 
daasaae Is blamed upon obstructions In tbe stream chan 
nel or In the flood plain will, In ceuernl, rive the same 
iv-hiiIib: thai La, they will show that unle-n actual nream- 
arenMfits and careful examinations are made, the al- 
moat universal trodeney la to RT-mtly exafxeralo the 
effect of Isolated Destructions anon flood -Hire* 

Tbe fullowuitf gwilatioua from Ohio iwia-ra, in of-jio 
sllloii to flo.s] luvietitlon works, Indicate the extent to 
which thla lults-onrevitlnu tins been carried : 

"It Is well known that had our rivers been cleared 
.nut mid not bei 
lieen no such flood as tbe un 

terrible luuudnllon be oscrlbed."— rro» yetea. January 
'-2nd. wi t. 

"lmytou'a iiredlcamcnt la due to Its own Ernst and 
lack of forev-iubl. It bus bunded uihhj made land which 
nature formeil as n wnleruay and uskle within the past 
scneration or so, eneruarlieil unoii the river and filled 

little chance to ret throurh."- Troy .Vcara, Kebrunrj 
-7th, 1014, 

-Iioylon luis stolen the channel of ibe Miami Klver 
from the neonle of the valley ami bow Is trylnii lo hold 
on In thu stolen proncriy and at the same lime secure 
protection from future Hoods ut the exis-nse of the |nsk 
pie of all lite counties north of Ihtytou In tbe great 
Miami wuteralked."— f ro*. Brcord, March 12th. 1914. 

Theae and many slmll.tr references are particularly 
liiutiproiuiute In the case of a city which has so Im- 
proved and protected Ita river channel aa to provMe 
four times the capacity that Is provided In the unim- 
proved channel below. 

In timid prevention works we should distinguish be 
tweeu rivera having ample channel capacity which 
never overflow their tanks, bat which cause tbssl dsra- 

■M more until Hie flood channel Is Inradml-.^andlhe' 
other type of river which, while having a dcnnlle low 
water channel, flows through a wide fiat plain that 
Is overflowed during floods. The lower Hudson, the 
I are typical or the 
Whit*. Taano. 

Tensas rivers, and the Red Klver of the 
North, of the miter. In the former cases flood prcven 
Hon may beat be secured by retreating from the flood 
plain nod removing all Improvements to hither | 
In the latter cases relief lies In controlling i 
Hint flood plains are protected. 

lu very many cases the obstruction of channels has 
bud much to do with flood damage, aud the need for 
eflWtlve KUiwrvbdon to prevent further obstruction Is 
becoming more and more urgent. Most Kuropean states 
now exercise strict control of river channels, but Guro- 
l«nn cities are still suffering for the sins of the past. 
While gl.-lug due weight to these conalderatlncis. we 
aIomjUI nut forget that In the case of many rivers the 
primary cause of floods Is that Ibe rivers lu their casual 
new have not dug for t 
i to curry flissl waters. 



I of Krlom-Tutyutar Btrilcr Punare* 
By Osbora Monnetl • 

ArrKg using steam Jets, the next step in tbe attempt 
to keep down smoke In the furnace of a tubular butler 
was In build an arch over the combustion chamber back 
of the bridge-wall, somewhat lis shown In rig. I. Ill 
is.lllleelloll Willi the steulil Jets Hie arch was an Improve- 
ment, na lt broke up the case* and mixed them to a 



. clly <tt causes 





certain extent, 
essential features of a 
objection being thai It did not provide 
|s>rature at the |s4nl of mixture. The bent 
Into the holler was Hllltlclent to reduce the gns tempera- 
ture to such nn extent ns to Impair is.utbualon of the 
volatile matter. 

An cl.-il»>rutlou of tills design was the old so called 
M<*::innl* arch sctllui:. which was lu .pille common use 
fifteen years ago. This consisted of two arches, one 
back of tbe bridge wall and another over the grilles In 
fnsjit of the hrblge-wall. na In fig. 2. This was an 
Improvement over toe former setting, because the gases 



leciillarity of the setting Is that the 
under the front arch must make one tul 
tbe Urldge-wull. another turn along the 
come in contact with the back arch, 
elm me In direction ocean. This will be 
an Inspect b*i of rig, 2, Given cnrefi 
a Judicious use of tile steam Jet*, thai 
.vilsldered In any sense modern, will give 
i aa to 



of a double arch over the brldgewall with an 
arch back of the bridge- wall. Thla 
split up the gases as they passed over the 
to some extent mixed them fit the see- 
oral arch. Modification* of the above designs were made 
without number In nit attempt to satisfy the pyblic In 
la* matter of smoke suppresudoti. These attempts em- 
braced various designs of so-called pigeonhole bridge 
walla, slue wnll., piers, iierfuratcd drop arches, bulk 
beads, etc., but In nearly every case ouc or more of the 
essential features of a success fttl I 
All ,4 the i 





of bridge walL 
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when the snb)ect n> takou ui> seriously In Chicago by 
the 1 icjurtmrait of Smuke Inspection •> nt present 
organized. 

Tbe Iwsl aulborllle- at nun time advucd surrounding 
the ore tiy brickwork and thus maintain a high tempera- 
mw en Incn-nso the Ignition and provide a long flame 
truvrl dqrlng which combustion could to made complete 
before to* ga*e- cam* Into contact with liie neatlni: 
wrfueo. A numlsir of llrcbrlck Ineliaied furnaces of tin 
ililtcb oven type were built, aw full extension Mil 
~une half extension, but the majority ware Saali trout 
u> nbnvMi In Klg. 4. At tlrst they were built without 
mill later with a slight drop arch behind 111* bride* wall 
Tliese aetUtucs were not wlllnfarlory, hut furnished tin 
Information which led to the preaniit Ideas on hand-fleeo 
furciaci-v With these dutch oven aetttug* the Initial 
expense was hlgb and a great dial of that heating aor 
face Ui the .hell was covered up, with consequent U~* 
..r capacity and clnclcncT, and tbe acttlu, 
dittlcutt to ran without dense ainoVe, It 
I hat mere ham* travel In hand-llted furnaces was not 
■•unVleut to produce good combustion. It wax shown 
that even where th* path of the giucs from Uic grate 
to the beating surface was excessive, If there wee* put 
In llil* |<ilh «.mc form M mltliig arrangement that 



lower and lower to get more poaltlT* mixture, hut erlll 



hot arch ><**' 
Uv, fuel mo** 
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the gnauart care lii otwmtloti. finally, when U ^ x> 
crldent that the furnace wus not adapted 1" ,4»*> x 
volatile ivMla, the arches over Ibe lire u-ero rEulU \ i t,»*' r ^ w 



even' 
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iSctO' 
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been l»V«° 
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the tempcratnr* of Ignition with a eon* 
ai In the rapidity of dleilllntlon of the vt' a. 



matter. This resetted In a cmstructiiMi "ttiiHnr V* 
skoan lo rig. 5, which t» known as 111* I M*pat« 
Nik 4 furunce, cmij-lsUng of an nrch siriaiiag o\e' 



t\V *~ w V 

3 fwt. wl*'^ 
ilrtlecllon nrch ti> mil III* |MM This hirauco Iticrt''" j 4 ,p 
the heat aliaoriitloll Into the Iniller by illrc?ot f»irtl»»* (> ( 
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Fig. 4. — nrebrsrh-laelaaii d furaaua with single 



vt«mtil iilintplly chuuge the direction of the gusc* nnd 
tiling them into Intimate ciMifuct. a MtratlDcatlviu w.nllil 
Hike piaee and inwll* w...ul>l be made. The deft.. tlnn 
arcbiw a» loeii Imlll were high and accvanpllsnnl bjapi 
fvrtly tli* txTiiilt simgbt. They were afterward built 



pldtty of il list 11 1 
volatile auatter by reducing the IgiilllilK a-fT«^t. »•'* 
a furnace much outer to run wtttiottt HiiMa*^* 

A few dutch on-n furnaces 

aduibeiiin have «orvtv«l. They generally burn H 
en coal, anil with careful attention to the n I r 
have succeeded In running clean. 

Exis-rletacea Willi tbe No 4 funiaee. ami th"» 
tTntie aner It, gradually developed the Ihcory m« 
whli'h In founded the dt^lgn of modern hnnd-flr^*f fug » 
naces as useil by tbe Chicago Smoke I leraa rf rxl^nt fsr-"» 
high-volatile coab. It liocanic evldeut that Igitltlon »» m 

rjr to burn thla kliel of SMI I draft 
nmln essential. A. erlilenca of this, a loeomottvo 
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Dnal Aeronautical Motors 

To ham aerotiluuea ol value r..r practical 
It has been rcallwl that much greater motive power 
will have lo he Installed tnuu has heretofore been Con- 
eiderisl necessary. In Ibis ultuatlon tbe following 
description uf a high jaeaer iiejiillatlon, fi«m The 



Hen; Willi we Illustrate an arrangement that Is being 
ail.ilrted im dirigible balloons and aeroplanes. In whk-ll 
two prottelh-rs are us«sl, each driven by a *et*rut* 
engine Knctl engttB' low nine cylinders In the eiample 



for an aeroplane, the arrangement may aiaponr" 

Xeeertheless. 1100 horse pover oil o!ia» 
by the- Illlsastia raa 
ileslgner HIlLiarsky, while In Trance a military l>ll»latt«^- 
urtunlly Intended lo utilize tbe arrangement hcrcvrll U 
lllustroliMl Is. we have reason to believe, under dolltstru*'- 
ll.m. It may lie noted here that, altbotu 
engine provide together 800 boe— -ptvaer. It <1. 
uieessarlly follow that lsith engines will nonutllly run 
"Imultaneoualy. Tbey can do ao If desired, hnt ml ■HI 
lire rTovldwl whereby either ecorlue may tan emplepil 
«,, drive t-.lli (iropelleiv. while tli - other ciiKln.. 1« kept 
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Artificial Daylight — I* 

Light Sources Suitable for Color-Matching 
Bv Herbert E. Ives 



In the fourteenth century the CBlWfllrf OMBplH of 
l>iudoa decreed Hint **M one -hull *e» hu got win hy 
caudle light," When Tyrlun i*ir|4t> ush the *tii|dc 
nirtfii < f tin guilty* .if Plus iiL-. lii. It Ik safe to >u_\ that 
Ho* buyer* of thill day early learned tiy cxia-rlenre to 
auuke no pun-haw* by torchlight Certainly It hit* kmc 
bee* known among lbo*ae wbtw business 11 I* lo work 
nhli odor* (tint daylight und "yellow can* IV.- Ugbl" are 
wide apart, m* mily tit appearance, l«it ulno In their 
r*ff<*-1 ll|N»i* color*. It romea, nevefl beles*, n* a *urpel*e 




Fig. I. — Sprfira of representative licht source*. 

«. I on tin unit * apawltum ut Ibr Wi-li'mi-k hihdIW ; D, cult 
llnm ■poctniiu wlia «up<-rjw*«.tl baailh carboo arc; e, 
Ilur a|KvUum at the acrtury are. 



to many to I cam how numerous are the Industrie* 
wbamc working hours dctwtid upon da? light. Odor 
priming Hiid lithography. d?clng. the painting and vlew- 
I*i0 of picture*, lohacco sorting, the grading nf sugar 
and flour, ttio sorting of precious atone*, the- matching 
of colored fabric*, the Inspection of meat* and delicate 
chemical analyst* — these an* u few baring freed • for 
daylight at all hour*, to nay nothing uf lb* surgeon a ltd 
lite detttUL 

Among wniwii n knowledge of the defecta and pit 
full* of artificial light la more general than nmoug own. 
doubtless becaune Hie prevailing f*«lil«iw call fur color 




M 49 4% 4» M M M/i 
Fig. Z. — Kelative intensities through the spectrum 
nf rertoia representative illuminanU. 

hi f.-iuiinm- uttlrr In n til* HMM an*, day. ulnn-l any 
auluulc. mn> ni' pron|a*ilvo imii'tuMTM of drew* 
gt**|n i*urryhsg piece* of goanK <>r having them carried. 
In Um' autre m lit*- distant window* in learn ihelr inw 
•luyllght a|*j*wrancc. Fiht ti drew* w»'1 Mat IMK 
merely by the arttrkiul light fajf the counter. Imii aaa, 
nf i|inw« •■••II. and fr»«|i*.-iiT|> |» u>«M |<> »im> himI 
lnhtirnh>«il*Mi» «.r i«ly by Hal aflfeaf. 

Tlar fin ) Mwt. M a rnlr. artlnniil lleht |a ffmwfl) dir 
fi>rrlil In .i ■( • ■* i .i !■• >■ ''■■n 1 i ' I in lit iititl Im< iiwii'h 
Na»aj ■) tld* |aillit. M«i«t artilk-liil llilil* aiv iiwrv ..r 

Ithm yvflMI mm • • 1 1 1 ■ . i I With llli* li-h itf till- Mill »T 

t»ky. Tli»- tlirf. t.uv U okiiiiIIt very irn-at. ii-* ini?«<m a 
run iixiTitwv himself l»y n<ni|iarlii|i the tnu -i-h* liy -dth- 
under ooitdltltiiw nf nn|'p>«liuale e<|uiilli> "f i n • ■ 
for the !•<>. IVir InaAaVMaj If I* 1 " »liadi»w» if a iwiu-ft 
arv formrd nbV* l-v Hide hy it*r tun kn.d- of Hi:bl, aajHl 
M a tuD£»1+«i hianp »iwl Hi» ^ky. the Ntaaituw lllimiliuiiiil 

*rii«r r.n.i !-r. r* lb* Kraaklla laaUtutr and putillsbnl la 
m Jtmm*l » upyrbjat, 1*14, by U-» PrankUn tOMltat*. 



by artificial llcbt apnrnra ornnee yellow; that by tlte 
»ky, deep l»l«e by eimlraat. Ordinarily we do t»ul iiM|<rv- 
ciate thla dlffrrener lH*tvu*r we ilu luit »i*e I he two tlirhia 
totfrther, und betauHe, If I he iirllnrlKl tliihr U u.* too 
Ktroiiitly cobirvil, the eye by the imtowui of ndu|Hlation 
will In large n»ea»itiv adjua IW-lf to the new dlalorleil 
eolor acatc— Jnst aa u man In wulkltic njcabe>i the wind 
UDCouarloualy Imiia furwmnl. There In a law flbd hi- 
terealliig problem here fur Ihe |diyM|o|«lxi und the 
Imoi'IioIihtIhI to ajafWar; in what way and bow much the 
nae of artificial tight mi different In <|iiultly fnwt Ihi* 
light omler wlilrh the rare hii< lan*ii devi>lo|<i*i| ml*} af- 
fect the eye ami (he iuIihL Certain It U that artlOchil 
light In not an utnulind IiI*mm1dj;. To 1U Inercaaifl line 
'.v pti|muarly aarrllied uinny eye tnMibh*«. Tbi'ii. tcai, 
many of oar bubltn aa aoriiil anlnuila neem liillniiilely 
ciHonected with Ihe iw of iirtlflchil lluhi. Wheilwr It 
lwt tbe irlllter iiml Inni nf our liallroiwii Uglitn, or the 
• ■lor and dlmnewt of >mr midnight oil, ibnt work their 
I'haniccerbalc ctlnmlatbut. Iienellta, deji region, or ocular 
Injury, or whether Ihese are lo be ascribed to tltelr 
odor, m a probleiu of lntereat, hut here we almll eon- 
■oftl ourtM'lveM alitMMd entirely wltb the wrverely pnic 
Ural iitieatlon of prodorlDg artlUclnl daylight for Indu* 
trial parpoae«. 

What la daylight? I« the Inevitable qaevtlon. ror It ll 
ut or are evident (bat (1»e aettlnc sun. a clear blue Mki. 
und a ~u-h1t«-~ rhuKl are markedly different So. too. 
tbe llcbt reflected Into our halldUiga from anow, graaa. 
foliage, from earth, brick pavement*, or gray uapluilt 1* 
tar frum being a uniform thing. Ihiyllxht K In fact. 
<iulle variable In color, a fact which ha* led |>rofea- 
>4ima1 color mutchem to •^iircb for the moat conatnne 
kind of day light. Thla they hare decided to be the light 
from a clear north akr. To the eye thla la unmistak- 
ably blue hi color, hence the problem of produi-lmi day- 
lluhi |m imi| necewairlly Ihe tainae aa that of produeluc 
-while" light. 

In order to anwwer the <|ueM1im. "What la daylight Y* 
It becomea neceaaary to mea«ure color. We almll, tliere- 
fore. flrat pay aome heed to the «.'letittnc mea>wiremerit 
of odor. We shall then apply the methnrta nf color 
nietiMiremMit to our prevent lllumlnanta, natunil aud 
arltllclal. and ao learn how tbey differ from each other. 

Varloua waya uf prxalaclng artificial daylight wll! 
present (hemaelvea to* a result uf thla atudy and will be 
dlM*uwed. Next we ahall Invfadlgala the problem of 
why and bnw color* change In appearance la going 
from nor kind of light to another. From thla we almll 
he led lo formulate the neceaaary charactcriallca of 
ci'lor-miitchln* artlflrlal daylight, Smne account id* the 
practical achleremefit of arrlArliil daylight. Ha various 
form*, and Ha chnractetiatlca. will folkiw. Then n tittle 
SMice will be devoted to a study of the distribution of 
natural daylight out of doors und In room*, ami the 
|M*otib1Hry of our ultlmntely conyliiu. nt a not pndilul- 
tt*a eipanae, both the color and the dlatrlbiltlnn of 
natural daylight. 

CO LOU MHi! uuriT 

There are two distinct met hod n of color meaaarenaenL 
The flrwl la by unnlyMit of the light radiation* Into their 
I'temecta and then f)imntllatKe meaaorement of theaa 
eteraeeta. The aecond la by anatyala acconllng to tbo 
effecta on the visual npparatua. Properly speaking, the 
flr<t method I* not fjajaf menturement nt alt. wince- a>> 
ulll he aeon, a ctdor-bllikil nh*^Ti*»r or a ilu-rmomeier. If 
M>nAltlve enough, ma) la> u^etl to makt* ib«> naaaaaajf. 
meiita. Nevcrl hele*u. mir problem la an ludeteriulria*f 
mie without «nch men«iin>n>ent«. ao thai they mitt be 
irvwled In delull, 

An everyntie known, "l.-lit nany ha* anulifjil tw ili- 
|er-ed tiy meuna of n |<rKm or gratlitg. Siiiillght. wbeu 
aa dHa*r*»eit give* the rainbow «»r whir *(wa>friiui wild 
It- iiu(ner>mM nibirw, nf vthfcrh Hit* ptirH*l|ial into** ar,« 
aai, oraiige, yellow, urt-a-n. ludlgai. Mne. anal violet. Ana 
iMIUpb'le NllMl? i<f iltUir ault*l In* a »fUit.V of 4vi|nrin| 

light, alnce II U only tty wing colonnl light ttml aa 
npprechile obb»etn a* In-lng otloml. The odor of an 
itlt>tTi |*. In fact, di-ffrmlueal by Ihe rompH'tenex* wllh 
•n hleh ll rWWl* or tran-milt the light whVh flllb* ti|ain 
It. It owe** it- ! lo tbt* .".!-'. i ■ ■ aj| that ni|»r In 
NaT light llluiulnallng It A rtnl glio**- In nil Iwowik-f ll 
tnilltiult* Hie n*al of Ibr nprelrillll. Tor tbU rat* »-m tbi- 
ttbolo nitirv <.f an lllutiilnanr« tn-h-va i»>r UM a reTeuler of 
ii*ir laid liaro wh»*n onee Ihe light of the Hlumlnani 
U nuiilyafal «siuip!*>la>l? Tin*.f uiial?*i>M uui> I* romdd 
ered In two purtn HpialllnHve and i|imnlltatlat*. Quail- 
lulHely nr rvole Imintrtnut difference* In the apoctra of 
different light aourcea, Hunligbt, for tiiatanca, givea a 



iiMillliuora* aiaetruiu Willi km h"llri-nhh* bmtk> fnuti r*il 
In vitdrt. A nindb* glvi**< ti *Jinllur simrura, but one 
ailiirh will giie on aaajpa illllk-viHy In arcing the blue und 
»|i del |«>rtliHn*. unit*** we arrange our prlnm dev|i-< 
tHMi'trxHttpet In a way fai-imlde !»• bring noiMldcralib 




**« »M •*> iii iii lit - 

Fig. 3a_— < oJor aenaatiuaa in white lighl. 




Fig. 3b. — Color aeaaationa in incandeaccnt carbon 
lamp light. 

light to the eye. A carbon arc light abowa a cunHiiunu» 
»peetrum, Imt one oo which are aii|H>r|M*wed bright vbtaW 
line* or bund* A tillr>tga>ii vacuum tub* exhltdta acv- 
erul iHOhtled broad lainda of colored light. A carbon 
dioxide vacuum tube shows numerous line line* and 
bnnda nearly filling the entire Bpeelrum. A mercury 
arc. representing the extreme from (ho eontinm-u** anec 
inim, exhlb4ta merely Initiated bright tinea of light, in 
whorl. In the Itwandeacent mercury vapor only com|*ni- 
Hvely few vlbratluna are represented, which when mm- 
tniinleaUnt to ibe ether produce light waves of (bone few 
wave lengths only (Fig. 1). 

Considerable InforiMtliMi tearing on our special prob 
tem I- fiimlnhod by tbt* merely qualitative survey. It 




Fig. I. — Color triangle, showing poaitlvna of 
spectrum color* and renreaentalive itlumlaauU. 

1. aMBaTl 3. sHkaaji 3. tsagaten: *t Welabach: a\ P. C. 
are; «. afteraoon ana: T. (*O t take: a. art** tight 



it at onee evident thai a light totally lucking In nn> 
Vafaf of tin* H|n*'r*rutu. nm-h u* the mercury arc. whb-h 
In lacking In fi-it I* lutt mtuiblr of tduonhig that i - 
Hcular eoltar lit uu tthjocl. Um thU t|imlltailve kmiwl- 
»*dgr mu«t la* ■Mtt'pteiiHtitinl l>> t|iianlltallve uwunuri* 
until* before It ha« any real u«e. Such aaea*urenieiti*- 
:ir»- u-amllv mudt* by Hie n|*ctnajdMdoi*e1er. which In, In 
brb f. a n|»octra«M'o|» *•• arrangtnl ituil endi raalor mm 
lai compared In Intett-lly with IIh< mime colored tight 
from u Hhwcii wtuudnnl light In place of u *tai*dui*<l 
light II l*« much iwefrrable tt» retliai* the n*Mitt* to nu 
alvuditte Nlaiufctrd. i e„ |o 1111111111 Hir futevotlty of thr 
radliitlnu nt enrb wntebuiglh im Indlnited hy ibr heal- 
lug effect The lahie* which am given here have U-a t. 

rofliwd aw to *how Mw-m- energy vnlm>*>. an though 
llvt-y hud l«*t'ti obluiiHtl It? tin* «*»' of a I »ili •meter or 
thwroiin'uuplt* nl Hie tionervlux *llt uf the «iwctro<neter 
Fig. 3 pint* 1n the form uf curves Ihe relative Inteo 
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allies, throughout the siwrtrum of certain reiirewMiintlve 
llliiuiluauls, iBdudtnc sunlight anil Mu* •«*, l boss lit- 
ter twins the win of • number of observations iiy dU 
fereut people. The curves as drawn equal O-SMs. which 
1m merely a matter of convention, since the actual rela- 
tive Intensities of the lights are net Involved. As * 
nutter of fact, this convention practically mean* that 
tlM ll*ht« contoured are al nearly the same luminosity. 

An examination of thee* curve* yield* Interesting 
liiformullou. Practically all the commoo artiociul 
llliliulnants differ from daylUcht In having an excess of 
red, orange, anil yellow radiations, with a correspond- 
I»k deodeney In hluo and violet. They Ue together In 
an entirely different family from the varieties of day 
llgtit. The latter differ In the blue on this scale by less 
than the factor two, whereas (lie ratio between day and 
the artificial llchts la from six to twelve. The physical 
explanation of this lies In the fnct that the common 
lllnmlnanta are Incandescent solids ut comparatively 
low tempera tares, such *a 1,000 to 2,600 des. K- while 
snnUeJit approximates In color an Incandescent solid or 
Mack body at S.000 dec. K. The practical effects nf this 
characteristic of the common Itlumlnants. such as tbe 
Incundoscent electric lamp, the Welsuncn mantle, (he 
Kits name, etc., are two: First, their general yellow 
color, and. second, their different effects on colored ob- 
ject*. This latter peculiarity will be treated presently. 

The second method of color measurement most now 
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Fiir. fi. — Various waya of making whit* light 

n. t**aitlDUiiita *iM«-triini ; ■ Uric* nomt*e»" uf llnrat nr 
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In* considered. This U rterned through c«4<trt»luurv 
exp^rlntsenta. It owe* im sljroLncnncn ti> tho Important 
fact that colors mar look exactly alike which atv. 
iMTcrtheleaa, ecan|HM»ed of ijulte different rudlaUous. i* 
Indicated by (fee ep«(iw*oi*e- For Instance, a mltiur • 
of red I Itch t nnd green light prodiKvn a y«Uow which l* 
iMlUtluEulsbablc la hue from a truo s,>ecl rxe»eop4L' j«i 
low, L e.. a color stowing nothing but a serial, region af 
the spectrum iinmnd the fellow. Sitnlliirly a mixture »f 
yellow light atMl blue tight product** a while liidUMh- 
inilHhabli* from one lu which alt lb* »i»crfruru colors nni 
prvM-ut. lie*} and bluish r recti constitute aDotbcr jinrt 
of those "complement n lie*.'* as (bey arc called Tin* 
mo*! liiteresiltig ■** of mixture cvlurs, bowerer, arc red. 
green, awl nine, fur It .ha* been found (bnt from tbe»e 
throe may tw nuilc Dot only white, hot alt the colors of 
the *pe<-lnim. and hciicc nil the colon, formed hy Ihr 
aildlllim ami "nMrurtlixi of llicac; that La, all tbe MlMVi 
of Nnhirv. It iniiMi U> clHirly iimlcnitouil, nowet»w, Ihtil 
1h-*w ciilr.r matchefi »r»» Mih><ilrc; (bnt In. (hey lin* 
1Im> Minn*, hot «>f >■ Hinto >w aba]x»I> with the Ki*eclr>> 
Mif|N* thf.v at nun? ->how their cn<i)[MHltB character. 

Now tbli rtinnuleri>tllc of red. areen. and hlue I'd t 
hat led to tbi-.* eotor> IHna called "|»rin»arlrH." Thaf.v 
oitiMflnitc the »annlle»( tuiiiitarr of cvlorn out nf whlrti 
all (be itlht-r* ninv Im> iiCHliintL A» Mich rln>y bar** bad 
■ uolaltlw* tort In rmiitur etiktW phototrrnithy |Mnu>1bli>. 
Here vie uiv uwirr InlrrtMrd Ju (be fact that thrwc jtlw 



nomcDJi of color tntiture furaish a method ut 
liur and repreaetitlog colora as they nppaar lo tfc* C J"*- 
lrr«-*t>cc(lte of tbelr conifWaltloa. 

Taking (be «pe«nara) of white Uaht as our ■taadard. 
II I- pcAHlble by a **rl*a of eipertmeofw to deleniilii" 
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l-'ijr. S Spectral conpoaitloa af certain arbitra-*l' <r 

colors, rcftcctlnc power of aarfaces or trmiMnii 4 '" 
sJofiH of Bbr*urbtn|[ media. 

the i|iktiilltli*H of red, itreea, aod blue liiH k oNH.iry * 4 
match ouch of iriher >|ie<lraiB colors. Curvet, tat*^ 
thus tn* plottinl reiHreiwatlniC (be*** facta, ntifl «• re enl|«-« i 
eolor nUturc curves of the s|>«ctruju. TIiIm Iiiih Kh^'m a 
doike. and 11 Iuh hcen fooml that the true prlnan rl«^a a r •> w 
a certain red. crevn, and blue a little jmrcr i«»d mors* 
saturated Ihan any onllnarll) found In (be H|>***' f ■>"» - 
ThcHe ex|ierlmentalty Inillcuted (rue |irlm*» r-i«*ai an * 
called tbe nrlninry or funtlaineiital sensoilioiiM. f'K- "A** 
shotvii tbelr dlHtrlbudua In the siNX'truu. WlkCJC* <D * 
units nnt cboftcn sncb thnt t-iunt quantities of (ti«-« tlir.- * 
n>u>sitkius clvc white. 

A r»u,t- ib* 7 now l*c siNX'lflml In terms of but thre-.* 
onautltkis. Instead iw? a iluaen "w more, as la necceiuirv' 
with the H*cctrophotomaHer. WHilte b «iual n titan title-* 
red. areen. nud blue arnsathin; yellow Is ho nuticti rc I 
■wsesKkut and so modi ureeii, as may tw read ofT tic* 
eur.es. A (Minple\ color sucb as (bat of an li Uiniliimi I 
iu r. u 4'vm.i*r>-il by miii|i|ri>lua Its H»rctroirliotonat?trl*" 
vii lw* at each wave leni-ih (sh compared with wl.lt.* 
Il«bt,i Uy (be raluea of the three sansatloius at tin* 
i*orrvMp«-ndlnK nave-lenxtbs and then Integra tine the 
ciirTea. TlniH the n]Mt dcrhed by the use tC the Btpft** 
tro]rbi>t»mi a tcr may ls> lraa«lated Into aeoMtloxa vhIuk 
This Iransforniatlon procaaa la Uidlcatad by the curves 
of rlit, '16, Id tbe cusc of a carltou locaodeocei^t lamp, 

Still MtfaWf na) to obtain (be sensation raluea 1h hy 
actually auklng mixture*, of red. areen, nod bhiv Utrht 
to Biilcb (be color umler mensntvnteut. If ono lUMtns 
the sen«illou values of tbu red, creen, ansl blue llk'lic 
MiHttl. lit-- rvHiilt*. may Is- id i>m*e tniuslaltnl int.* terms 
fif (be funtuiareiital NetMatlons. H*mw rwiilts of iwiav 
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rnr uegviHK)ic*iH or a t-OMW MATiniKu lu-variWANT. 
What Ih (lie relationship Wwwn the color of an Hlo- 
mliiftin nod the cnJnr of th* Illuminated object? Ad 
nnswer In one wimple aw U straightway erldent- If 

Hon from d uurfnev cniNtliute the color of tlie mirface. 
itifti lh** (Dominant >ibvl<iu»ly I* uncIc** for revealing 
uhfitiff tvtti such itninrerJnrllng surface* arc tbe same 
i^dor <>r lint under other and more usnit) llluralnantx. 
Itut If u 1 1 the M *«*'rum clor* are present, though with 
mryir>8 Intetcdt?. It l« r*.l so c«ht «. att^ner the qneie 
fh*i nt Ihmk^ Wo laiiat hnve recount* fr> th** mo-thi*!* 
•>f iiifii»ur«-mpQt above outlined. 

I<et ok Hike a n*pp**cntativc color, such as Is to be 
To.in.1 ku b dyed fabric. WHlt a siiertro^.tumeler 
ilelennliie ll« rellcctltut i»>wr at each wavelength uf 
tin* tjiM-iruui. If «r multiply the valve* pr.talned by 
tin* value* of the Mi'iuuitliui enrr** In two UlinnlnanrM 
tinder h!inI>. we arrive nt the resultant sensations as 
.-veiled 1*r the. JlchI reflected fr-ira tbe fabric under the 
two different Uubl* Tl*-»e vulues may then be tnhu 
lated pMled In « color trUople hhowlng th* rhonge- 
In the rular of inn surface nmlcr the tttrTerent IHn- 



mUwnts, Ou carrying (trough this opemtloa for th* 
set of arbitrary e»>lorw Mhown In Fbj- 6, under daylight 
ii nd nodcr carbon lamp light, too color trtnngle data of 
Tlx. 1 "vre obtained It U to lie wn (hat. while pur* 
n|hh*1 run colore change nut nt till »idoce they harp no 
»»r|.HH *pectrtil cviiu«iii«Miiti to be altered In relatlre 
Intensity the cohir* iM'iiri'P white so- bodily shifted In 
hue. l*i»rjjl*^* heroine tfiU, irreeiot turn to yellows, awl 
w on. Tlila Illustrate* the ciumuc of eolor appcaranr*. 
wliioli 1* >rry raiirki'd. fcr tin' kind of tlliiniln>nta 
fN.mimmt. with jiunrit" nr.d liiv.-ndem iwbicb Umxhb* 
nidilj), Wi«<* <«liloli (Mt^'ine bUeki, \ftltm* fwlik-li 
nii|mir Inu. *rroocty ^--lurt^l v. Flnt th* <|4e>41im »f cul«r 
raatcbltitE if thr (aramuunt .;ni*. If tw.» rolorii mnt<-ti 
under i.w lllmulonnt. tbey nutcb uwler anorbrr? 
Thf iiti*»^r l« «vMt*il If we ooii"lder Hie two fKinlbtc 
kliMlx uf nintelien If w>> have twi> y^km*. ^Wiik^t as 
to rorU<el1r«jr powi>r Oirnuub (be »{t«<rut*i, t'bv|«ui"ly they 
will enn tj a lie to miitrli undr-r any llhiEnlninit. hIihn- b»lli 
will be affecttHj nlikr. Hut *upfio*r </lie of them If a 
mluure of tv*1 mid tftven, the utber u o| vet rum jHlovr. 
I'Mler whit* IUIU tlii»> ar* l<SeiitIei.l In «pi<iiniaec. 
I!nt wuen the>- nn» pla<vil imiV-r • Hxbt dlfferefil Ui 



<^nii|ioNltloii, Hucb aanearbon lucHudevcetM lamp, the red 
«-lomenl uf the compoelte eoI«tr it unduly aoc«it«Rt«d. 
tbtf cnwfi eUanent HwUBrlcctly I -rv night out, nnd Ui* 
rtnultant a|ipcuruiiec 1* not the *anv* an that of th* 

•till; by the tine of lue rvlur tfeimd^i eurvw and the 
n*lor tiianfflWk It In UUiNtrMtM f.-r au ek(retm> t-aae by 
tbe «portroi;rnnui *>t tic K Htf-re nre nhown (a) a 
eonUDUoua opectrum llcht i WeUlineti nuntltx, (b> and 
(ft the spectra of two yellow wlDttonn wbleh match 
perfectly under thl« llirhl, and i d \ ii di™ninuoiiH ipec 
(nmi <aoerviary arci. N<>1>- (fiat lb*- nb^<riitl«in band In 
tli» ftctHWMt yellow fiilU oxaetly over (he yellow toerenry 
Hue; th* mercury arc light vlemod through thU aoJotkm 
h briiclit Kim: through the nthrr woiiitlon It U yellow. 
The two aututloim lonfc exnvt^r ullke by one light, totally 
different by I be uthef. 

It U obiloiin, from lli^- ertiini.lerjilioft^. thai If an 
artificial dnyllght \* to t-hnvi- toward all Mud* of 
colors exactly a* due* real dnyllght. It must not only 
luck like dnyllgtit. but matt lie identical with It, wnvo- 
|iD«(h b) wine leinclli thr.^mli th.- r.t^c(mtn_ 



The Safe Use of Electricity in Coal Mining* 

Conditions Under Which Explosions of Gases and Dust May Result from Sparks 

By \\\ M. Thornton. D.Sc, D.Knjr. 



At present ttn ee nre »,5*W f WNl workers in coil 
mini-* thrvugliHiit the world, and therv arof* w miner, 
in which eU**tTtrity ia not used for itaraaJing, light- 
ing or power. On a eOfuervntive estimate, lli*^ vahu- 
of th». eleetrieal nuM'hinery now Vteine inatiUlad ot«*j- 
y 4 *r in coai mlni« waaehe. «AO.flOtl,000. and with 
tbe dertinptnt nt of thn t'hinew fiu Mb this inay be 
eKpKted to inrrfode; but tbe pomlble dancer from elee- 
trie ignition of llpMlamp or eoal dual haa only been at 
all fully i*i»n*Mprvd in th* last few joara Within five 
>-t«nt then' hnve t»*n three ereat cillery Mrploaions 
whleh hnve h»i a po^iUe electrical origin. At West 
Stanley, in Durham, diroet nleetrienl ignition of «-<miI 
dust by a tlaah from a faulty fuse box wm bMCIT^I* 4 !. 
at Hulton, in iAtu-Mhlrw, igufUoo of ga* at * faulty 
-witch, nt JVngVtiv.W. ih South Walea. ignition of gae 
by tli>< xp^rk on a ugnnling beU eirmiU 'Hiew dls- 
*»Ur* hnve directed public a Wen I ion w tbe auhyect with 
in^n'osing force, aait tli« pro*#nt notes, compiled at the 
fuggoiUon of II M. Elfctricnl I us pec tor of Mine*, giv* 
(he tiion' important conclusions which ha** l***i rnacbod 
by ronnnt nwareh. It mutd W said, howevee, that 
there is no dam «*( work in which oiiv-trimty can be u»otl 
with mon* a^l vantage than in coal miiung; but V> in- 
Niih> ufnty ii is neceiaiary to tahe precAUboiu which are 
nut nc.-iwary ab«*ve grtmttd. Piw som* yoaru cotnpeU- 
tinn lowi-n-*! tli»- quality of electrical mining Ifw bt4tor 
that t»u the surface. Thin i« m>w }*•*» u*ual. and the 
quality or mining work i« in many casos better thnu 
*itrfoce work, and I am told U espoeially good in til* 
laUwt trwtaualioti* in Manchuria. With regard to danger 
from eWtri*' shock, then? U nutlunc peculiar to coal 
milling, and th** r^k U n»t btire discussed. 

Lny.n- firaii of ijji*Uiur» of oai — Tlio initial ignition in 
iremt eollicry (ixploiions is uf firedamp ahrfin. F«ir this 
to t>ccur suflicirtii go* mu*t he pr*«ent to form a lower 
limit mixture. If thi> eonihuitiblc gas b pur>_> mwtlian*' 
H'HtK tlw lower limit t»f inllaniniability u at 5.fl per 
^»-jit of gas in air by toimn* at atJfii.wpW-ric teruperat4ir«' 
and pTevdin-, 1 If, liowevor, tlwm is ethane or other 
higher hydrocarbon pTi-*t'nt. tbe liinil if lowi-rvd in in- 
vi-rsi- ratio to the boat «f oiinlowtion of tho mixtun-. 
The chorine value of methaii* « «f e*l»n« 

XM kU.<ramm— alurivs ( mt grammo-niol.-eule. Thus, 
a niUtort^ in wloeh ethane Tombed 'JO p*r onnt and mo* 

thntie 70 l*T rent «f th ibiintlhie gai woukl ha>^J a 

h»wcr liout *4 udlatnmalwlity at I - 1 ptT cent of gas »» 
air Su-h large fraelions of ethane are iii.uwal in most 
lanav coalfields. 

l»Jtotn-rt *f Trmperuiittt. Tlw mo»t reevnt work ou 
the milium**' of it-iuperntnrn on limitt of inllammnbility 
i- that of M. Taflane!, of the rVoch r.i«l Durt 
R-Mearyh SUitnm nt and M. lx- Klorh. Tiny 

have shown 1 that a* tbe u-mpcrature u rai-*0 tlv«i loa»n- 
hruiit of mdanimatnlity falU. la the i-»**i of luctbane 
values are given iu Table I, 

Tb»'«. an <"f t«r. r»«.t in the «*o*e of heat from K"h fir>*, 
but el.etric are* from break* an- traiMOut aiul Um-oI, 

•I*»|kc r*»il t~t >r» iliti UtUOh AMu*-iktkn In Ai|«M^tlft- 

t 'The |jj*.-r IJmlt or lnn»inm*t*«T, <4 Mniun* e< tbe Puallli. 
Il)tlrvttk/l-.ri* »iti Air. t*y IC V Wfcorbr and M J Ilwtw 

"Tram. rbrm. I'JH Vul .WIX, p. i-011 

• "nor Ik l'uoih*l*ttoo J«> M-lM*'* timunxt.," l»*f- M. M. 
Taffsaal 1 U Vkm&, "Conipo. lUmlua.- Toss. lb?. No. ja. 
MM* i«h. 1 ftwv 
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und »- >iia>, l<i of m«l ilurt, uku :..« » llw 

Uiwrr limit in iiWlrinl nuniwt praoti™. It »ill 
lit; sbiiim Utrr that tini *mv luilf |K-r iful uf (Tint wirli 
wini^ii-nt Jti^l |)Tt«t'nt liflji* Ut fi.rwaril An <x|>lo«iini- 

Y%r /hjtvmtniiilt M uturei. — Tile ii^uaI nu-axurr 

of inflammability of a roitlun.' lii.'t«^>Mi Ih* limit! liui. 
Iicii by Ibn i,4u.'it> of an .kiiIokioti in U, l«it l>u> 
ni^urvnifoM ahi tliffl^ilt t« nukln. K«ir thr purjwMt; 
nt u/r^uariliiuj tbn use of rlwtricity in inintv i, mi>rv 
niDvcnknt U»t in to lind llw Avlrir «lrri'nt whkh. 
*)if« brukMii in tho niixtnr.., Mr»iti»n i>y it* brvnk 

Minrlt. Tbn mmlu, u«w nim-uidwtivn rin'uiu— thiit 
in. with power facton not 1«m tlinji 0 93 whni th* nurrwit 
In altn-nstinc uv w Mlo*-" f.ir nwHi»n- nnd cth«ni>:* 
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The eurvi-s. ilritwo ftxiin thxr entnunuoux and alt4ir- 
natitig-^tirrent valm-K arc quite different in (ype; the 
former i* eKI-*-|-.i«t. d. Ho- Un«« U-*.hap"l and pnra- 
l»lie «t the loacat AjJntj.. In lu.ther w it the nnwt 
sensitive mixture that for complete combustion. For 
rotitinuoas current* it it below it, for alternating t-nrrent 
aUne tt. The Umi igniting eontiiiuoiix eiirr- nt i>* very 
marly tbn samn fi>r all the paramn gases. 4 The influ<nce 
of < tltanc is, thi*refore, not to iDcrcaNc the reniitiveneHs 
«if the niiKturv to elwlt-Hwl Iguitttwi other llian by Utwer- 
ing the limit i«t itirtariinialolirv. >\>r alternating cir- 
cuits irthane a«-tually require* gn a nt<7 I'limuli than 
methane.' and the very gr«wt ircTea**- in the itkHgnHude 

* "Tttu Icnltlmi €*f l-'u«tl Urn ami Metttauu by M uiiuviiarr Are* " 
b> W. M. Tbueatuii. Traiu." Imi Mto. Kris . I'Jl 

*"The K^ncal IgiUHon of <.awoui Mix.ur*-.- «<.»■ H.w 
"l»nie..' VA.. Pl« a. 

*L-x <H . Fig 12 



all.Tnatutg m ei>mp«n'd »ith e.mtinu-io- ntrrent i- 
the tlivt »n<| -in.iig.^f argument in fa»*.r »( lU*- u*. .>f 
alternating current fnnn \ltc p«>int *'f view of risks from 
brink sparks. 

J r, ft urn.', /jf /*rr| </'ihm — A rttllldl I-TOIHWC*- 

of nitr.^,1. ;i|q-.arv i-, ha\e » i.isrk. .1 effwt on the maarni- 
loile of tlw igniting current*. I*it gas 4Mimaining from 
ti T«i 1'J |kt »*cnt of nitrogen, diluttil with an nir to form 
mixture* ha>ini( im«a*iir»<l i»rr>'iilage uf et>inbiuul*le 
gaw. required tlw igniting . urrent^ to I- f«im oiw and a 
half to tuiee as gn«t as milh itwthaDe when direct eur- 
r. nl> iihmI. and to om niueh u« f,.ur lim~ gnwl.T 
n lnn alurnating eiirc nt-, at a frequency of 40, werv 
•iH-d fur nmtliou*. Thi* p<iiiii requires fuller examina- 
tiim, 

/«/..*•«/.■ »/ Ciremt \ t-trtf* Tlie change ot qfoiting 
currents with voltage i* n»»t the hamc in coniinuou» 
nnd alternating eirenit. lit the former the produel of 
voltag*- sim! riirrebt li uwruxltrtntely ^tn»>Utn over 
part of the ww king range; in thn latur tbe current dues 
n<>t idwnys diminixb as the voltage is rabed, but renuuns 
^ tan I over a eonwideralile rangv of U. An alter tint- 
ing firvtuuiy -rf abtiut ."4H> tlw. *«fe«t in tlw aeiw that, 
at this prittMiirc. n gmater power can be broken without 
ignition than at any otb<T. 
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Thus, at l.ltKI vnllM alt^Truiting ciirrrut at ■«> frx^- 
qucney the igniting current is a litthi h-m than at lWl 
continuous volti 

It etui U* shown that at a fn^pieney of about 1(10 a 
l>roak spark ignit4-» gas witli mon diflkuHy tlmn at any 
other fn*qu«icy. For oil circ-uits otlier than large power 
r^n'ult>" thw frequency Ih U* lw ncommcmled from Uif 
|ioint uf view uf Nsfety fnmi iguitb<m by break of eabU'. 

/n.lfucncf of Stlf'iadudion in <i Or^nii. ItMluctamM' in 
a circuit, either eontiuuous or alternating, ineroapes the 
igniting action <<f a l-ffeak -park The c»*rgy of the 
circuit which just eaith-s ignithm Im rami 1 at all in- 
ductaocw from C 02 to O.fl henry* -that is, the igniting 
current i« imeoely i»ro|>ortional to the sqitare rw»»t of 
the inductance iu a circuit. This is most hnporlAtit 
in signaling circuits in which the inductance of a U-H 
may rwh O..^ henry . Tbe igniting current at this for 
a Mitch- lnvak i- <l..i anq-re. Ucll circuits in which «qyen 
^parking may .w^ur, ma> , tlnfi-fore. he rcgardod a- dao- 
gerou* udIcwi othcewute |mit>cted. 

.^idwiu'ing l-y fc'hwlTir Ittli*.- The Vidtagt' for thi^ 
pur iM *c in Ureal Britain limits to 2.\, hut tk..iv are 
no conditions *p,eitUd a* o. it* wun«e. It is m.-i 
usually G to 15. r»y pt on Utng haulage roads. The 
workmg eurrenl tak»-u hy an ordinary mining a^naling 



* "The OxitjurtjUvu lultamiMne^uy nr Miitura ol Pit Gmi 
lanUcit li>- Mowntirf Klrtjuv' \re». ■ "Trwia.*" Imt Mhi 
V*# V,,l. XI.VI . part I. j.p 112.134. IU1X 

»"Tw IgsJlka. uf Coal^as and MettOJM." tat rtL. Fig. ft 
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bell may bo from O.IS to 0,4 unpin The _ 
of « bell changes with the wulng of the vibrating unu. 
ture. and may bn from 0.1 to 0.0 hour;. These valuee 
are large from an ignition point of view, but the ringing 
fan* luid as the square c/ ampere-turns on the windings 
(nnd the break spark, either nt tbo tremble contact or 
tit* ringing point on the wirm. also as the square of tin? 
ampere-turns), to that some such figure*, cannot bo avoid- 
ed; lor if the ciuiHl is Imm, the tarns, and therefore the 
Indue-tance, are great,,,. It is, however, possible by 
shunting tho inductance in remove altogether tbn risk 
of ignition. I>r. Wheeler's lest on tho fefighenydd bells 
(are th* following figures:' 

Mixture* cef methane and air wen fired by th* spark 
of 1A« Ml trrmMer when I barn wag a current of 0.4f» 
ampere jwuing, and 4.11 volt, from sncntiilary batteries 
having an Internal reliance of 0.1 ohm pur cell. The 
boll mdstanr*. wan 10 ohnu, and Its m * a Inductance 
VM henry. A h«U ha Tine 0 13 henry indisetaiioo re- 
quired 7.5 volts at 0 7 ampere, with 10 ohm. rofi.tail.-e 
No ignition was obtained at tbo sparks on th, ei«M/ieg 
in«f when the x.ltogo wa* raiaed to 2n and the current 
to IM amperes Khun ting the bell eoib provonted anv 
Ufiution up to 24 volt., 1.14 ampere, from secondary 
cdls. When wet l*clancb« cells an used for ringine. 
harm* an intormd resistance of 1.5 ohmi p«r oeU, the 
effect » to increase the roltaga and current, whieh nan 
bo safely 1WM l u, beyond tbe limit of 2.-. volte allowed hy 
the rolee. Sine*, however, cool gas end ah- mUiurea 
were ignited with a current of 0.2 ampere pawing at 
■*• "» Yalta on the boll by sparks on tbe nlgnaJing wins, 
it w.miW appear that there is not a large margin of 
safety in ordinary boll circuit*. Tbo best bnlb hate 
very Uulo spark j n the beU, but the spark on tho wire* 
e windings arc shunted. The actual 
i the break point, atfacr at tbo trembler 
or the wires, is many time* greater than the hatterv 
voltage, and may approach 2O0. It baa all the quabtic* 
of an induction roil discharge, a high voltage, with a 
*«d wave. 

- f^imps.— Many observations have been made 
on the ignition of gas hy hot lUaments, notably by Wull- 
ncr and Lchmann. Ilcisc ami Thelm. and Hausc'r. Re- 
eont work at the 1*. s. A testing station at Pittsburgh* 
hoe shown, that for practical giurposes, .inv modern 
•neosirfciceel fans, may ignite Bredainp if broken in raob 
a manner that the filament is not fractured, The rolt- 
"** 'lie lamp is not iu iteelf material, and 2-volt lamps 
eon arnito gas in this way. Small hot-wire lamps arc 
more dangerous than carbon lamps on account of the 
atrength of the filament. On the other hand, the pos- 
sibility of ignition by fixed and protected lamps, or by 
IMirtahle electric safety lamps, may he regarded an re- 
mote compared with that of tile open sparks on to the 
signaling circuit*. Tbe spark at the switch in portable 
safety lamps cannot Ignite firedamp ; but in a badly con- 
structed lamp there has been ignition of the oell gausv. 
This ei, in fact, the most important point to safeguard 
in portable lamps, the modern form* uf which are quite 
antisfncb«ry. 

/yurieii k„ Fuees.-Wullner and Ufamann found that 
a hot wire appeared to ignite gas at tbe moment of 
fusion. This observation is of interest m its bearing 
on the mechanlnn of ignition, but for practical purpoaas 
it may be said that an open fine, even for 2-volt circuits, 
may he regarded as uniafe, though at low voltage igni- 
tJorj is not obtained until a critical cnmmt is reachod, 
and the eSeot depends also upon the ratio of the dreuit 
eurrent to the fusing current of the wire when slowly 
inernacd. I have seen hare copper 10u-am|icre fuses 
in a haulage home 300 yards from the fane in a cany 
pit. 

Other possible 
enaj mines are: 

OteitUUaru en CtltU Khmthi Dtu In .SVfer. — It has 
been suggeeled that induced eleetrosutic oariltatims 
ujk.0 Uie sluath or armoring surrounding a conducts 



Title V — /*>» rw«, 



!- 



^ L. 



0 37 

S : 



lot 

on 



H«Jow a certain vollAge lite ce*tling sclion of the iioM 
rise si> raiWdly in importance that large current* are re- 
quired Id order to cause ignition. Another poi"' ' 
Interest is that the diff.rence between alternating 
eotltlnuous currents is now grt«atly dlminUhed. 80 *' utt 
for praeUcal puruoeea the igniting leakagn currents 
be token as the same. A third is that the flatteniwf « 
the current-vnltAge curvfe for alternating curreait P n ^ 
vkimly botieed is now no longer found. Small l D *'"f„ 
area are very difficult to maintain even belaid" 
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fully adjusted poles, so that if a leakage are does r*^ .„ 
in mining practice it will prolsiMy have a eurrfd, u*ie" 
exeeas of any of these quoted values and any »rc. 
■nuroit above th"e* valilee may cnase a dangef^^ty 
though tho conditions would have lo be excel 1 * 3 
favorable. ^ v on" 

Sialic Mecasrpr /iHfacad iy SUam JtU.- M I**' a»* B '' V 
fatality is known to have resulted indirectly frntf* pV 0 " 
cau»t«l by static discharge from an i inula tort tel 4 "' 
»iro set up by exhaust steam ]ia*sing teroas ib' ^-'* t< * a , 
existsmeo of a brush dischargo— a "blue. K to'«' 



leaky steam pipe* underground has been oYmiyrro'^ 
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tbe question raised of 
that gaseous mix tores 



pOAsilll 

annot he ni 



igultlnig icnvn. 
=d by nuoli diac?^* 
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of electrical ignitir.n of gas i 



violrtlt oscillations had been momentarily 
set up by a sliart-cireuit, might have suMnlcnt energy 
if discharged to an adjoining oomluctor to ignite, gas. 
I tried (Jus on a hmglh of 200 yards of lead-covered cnbU, 
on which a 50O.YQH *ort-oirouit was made with much 
power behind It. There were no sparks to be obtained 
from the sheath, which was insulated from earth, under 
many conditions of trial, and induction Hparks from ihw 
cause may 1* regarded as non-existent or of inmifUcient 
energy to be visible in darknew. 

£*««o«« Arc* [rm CnWe ArmnrinQ - When from neg- 
leet or breakage the hindlng of armoring is imperfect, 
a leakage i 



or by tbe more active discharge from nooUl 
high preasure, ualess -I ifejtnif. rport pos« 
be easily tried in any electrostatic machine. Thee-*' 
lie a targe brush glow, but there is no ignition «t, a Itt* xrt** 0 
burner until a spark pome*. Elcctrostavtio f^low *l rH ' f 
not. therefore, appear to Iw daugeroue In it>ie.If in <-« 
mining, thnueh when there is liigh prosisu-i-« tltcr-xy »* 
always the poaslbilily of sudden spark dlextlxursTes otn J* * 
near approach of another eotldueUir. Evert in th/, e- sE*-*^* 
I have observed sparks which did not ignito m«>nt e««r m a-s ** ' 
live exploaivo mixurre of methane and air; but 
static diM>harse sparks, fn.m lanre surfaces are- 
ly dangerous and active in startiug ignition . 

•Static DiieWftt /mm BMnf- — It u well kno»" ll * ■»* 
sparks can he obtained from highspeed beltinaf . I hjm- 
cvmparod the nature and appearanee uf these witlt ili«-» 
known to ignite gas, and am of opinion that tho eiiaeiriai 
of eleetrineation appears to be confined to a atrxrall |i 
or the inner surface ot the b*ft, and, tbuusrb it lines -•■ 
pre»s«ire afttn apBroacbing 40.000 veils, yet tlx« eLKur«-_^^ 
of diaeharge is excoodingly feeble and kt not n«oe=»«aar »1 
tlangeroiis, 1 have not succeeded In ligfatinig av l>xinR* - *e" i 
huruer by tbe sparks from a 0-ineli belt. Tho hiar "nt- J 
vcleseity and disturbance uf air in the ncighboruoejel ^ 
the belt is uxifavorablo u> igttitioo of gas, but it. -wou!«^-X 
be well to have any record of sparks from lliise nause « » 
whieh can be obtaineel iu non-ficry mines. 

Static Charge InduetJ fty tfmermeni *./ Cfoueist f*f I)u&£ 
dcraaf a Ceiiifucier. — Tile cleetriAcatkm prt>due.<<oeJ l>y «h«w 
formation of a dust cloud of any fine matoriit, 1 h«* re- 
cently been demonstrated by Mr. W. A. I> Iludge/ « 
and the suggestion made that on the oceNusiou of a fall 
of rock and with large clouds of coal and selevne dual, 
driven along a rood, ao insulateit conduetesr* teucb as ex. 
girder or signaling wire, tnight have beeullio seei fUcicuUy 
charged to spark to a neighboring earthr-d ejoTieluetox-. 
Sparks of a Ocntimctrr long have been proeltie^od in tbi H 
way under favorable conditions: but, UioiigH it. 1m« been, 
tried by Mr. Ttudge, none have so far l>e-e?rt obtaiue>ci L 
underground by movements of coal or etonee duet und ttJ , 
praetieal conditions. As a jHMeiblc cauee* of Igsxsl ieTnitie> K ^ 
this caunot, however, he dismissed, anrt tlio er«»Htinti t ^ i 
streaming ot dust after u foil which may lixavo reji-n^^ V 
gas Is favorable to this as a jwi-elble, tliousrli i»«>t l>ijr>^ |^ X. 
probalile, cau.v] of rxploraon. 

.tporVtn* ^y Kfertr.jlinitioii Produced hy CSrindinf 
/aeu wn&r P/eosnff — Many sulsiwncee booome "'«,,^*»^^ 
ficrt when heavily squn-icd or sheared. At tho tilrs.^-*>,^ 
the San Fraonlscrj earthquake the crest of "dsr^ ^ se 
rocks in which a fault of several feet was develop esr 
wnre Deen at night to be illuminated by a l>lu«? ''^tx^j *Xx- 
discharge. ouch a state depends greatly orl v^o *»^ T -'aJ 
of the phctiomenon, and cannot be. n:pre>el uo*»d i ^*».le 
lahoratoTj ; but during the state of shcontur strew bw^^-'lio 
a largo fall oeours there may be some sxtcli nation ar, ^ r^r» 
at contact t: 

Dr. Cadmnn I'"* _ 
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In tVto wrcrnid tbe 
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arc may beset np when a fault develops on the ,' , ' 

•v^iem. The igniting inttuenee of siech arcs has several ,,bUu,cd imition of giu by contact hi.tv«« ««xt.\^»» 

inUmertii.u. hi»n. le i- :.. .v. <i~. „i e stews, but the rocks were soaked (naturally)™ 

minoiis iitalter. Tliese two causes lies not. " ) *'t )v * 1 ' 
affect the iks* of et<*:trietty to miuing. ' r ' 

efnorxian by "H/treiess" Ope/utvnis on *'"» 
This must be regarded as an impossible ei«.viee. r, 
thoogh sparks can be freely obtained V«v*«n, 

1«14, «Oy 



It i*. in the first place, not much 
more active in starting ignition than a break spark, the 
valo™ for eontinuoiueenimmt sparks being as follows: 

•Report ut th. Cblcf laeuecter ef Mines en Ike haxtbennM 
BekHkin. p. M. 

•v. a 
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CM alow. At the faifth-rr \n\\w« th«- duration 4if tn.* 
&h**nu.tinc rurrvtH im- «iv-r. m>— < ntui eh** rixln *■( teni- 

Huinnrn Cablet.- Attention h*s b**ct. n-^cntly rj.Uni M 
to * rink of explosion fn»in tb*>' irsktu** civcn off by hitu- 
nwn oftblee *l * ityifaplMg fitii.t «<h Wtl— WM WMKM 
rirruit*. Much fault* *rc ffrrstly iarrrftw*! hy eWln«Til 
ftkunwrr; wUh alternating current nn wmk aWton NNM, 
Thu vis shown rw«?olly hy lnjryttitf i»o" hitntiun I'liblcs 
ui wet t«rth with the fop|w* ism., nr. -in* t>arttt for one 
half inch. To on* of them Dunlin nous vidUigo at 24U 
wax applied for leveral days, to another th* same at- 
utrnatimt voltac- »u » fr*^iuetw> of 40. ami rmnl* aw 
taken of the U'akagr curmiu. That on the- eoittinumiM 
cable iarrnaacd and ruaebed 6 amperes when cut off. 
Tho alteraattnt leaVaict* fell rapidly to a minimum of 

U.2 ampwtt. At lh« ead of th* trial th .ti.,uous- 

cummt lOMilalioB mm tonnd to be broken up and .litx- 
intoicraU'd fur 2 fwt each way from the fault; the alter- 
nai ing-eurrrnt «-»bl»! allowed m>l tlx* al»«bte*<l »ien of 
beatinc ■ darua*»>. Tbn rraaon for this i* that moMim* 

4>n\vr* a eontiuuourt-eurrent nnfatitw raltfe fault, cmiIIwU 
intf in the CTouiwl around it, [M tu trftting to the eoudix-tor 
and Uiweriug it* inmilatitin, and ttometimes tloodintt it 
for nianv yard*. With alt«*roatinc vurneut the rapid 
movement of ihv iiwiUlur- to uiut fn. under the w-tion 
of the mam Mm th« fault up b> it* own frielion. ami 
maintain* it automabraUy eured. There is no raxi on 

ralde fault. 

CmmImMm*. -There is no .Uwrrr from (pw alow 
under about &H P»* *«»' ■* lt» in air; bui. to give a 
hifber nurpn of nafety the hm< of elwtrMty must I* 
diM-ontmui-d whon thrtv is ram than 1|, per c*u,, a 
factor of safety of :1.6. 



/.tytittun r,r. t ,t, Th* h«a>t igimiuc • unvi.U fiomd 
an* *ueh that the break of any eontinutwit eurrent mik'ht 
fire tr**. but n-it nf ahemntinjr eurrent. For tuttattre, 
in jKirjilltl tiuhtinc lh«* <nrrvnt for » *ni|*le IiMl-watt 
lamp may ignit. jf*> with ftl.4-rcu.ti.vijr at 4(1 seven 
nwh Unu<». and ut tflO rm SB lamps. All coiilinuout*- 
•'urretil -er**M tight big at 51 *J volts may .giiit«' gnu, but 
alu-niating ..»•.*■. by a Mngt* break. TArnps Unr*- or 
Ktnall. must \ux\c complete mechanieal proteetkm, and 
lifhtioc r»bles ibould be armored. 

Stfftuitiuy /'irruiu.— Any Wl working by make and 
break may urnitf firedamp at tlw* bell under normal eon* 
dhion*. and at the nfrnalinv wires under rvyplioual 
conditions of iiidwtuitee in the ln41. Coal sum and air 
tnixtun-% can In> urnitotl under normal condition* by the 
niirnal- wires spark. The factor of safety is, therefore, 
n»t lart^-, Risk can be remo\ed by inudifyine the eleiv 
tneal eonn^tiom in th* 1x41- 

ffnajr Cirtnit$. — In S per cvnt mixturm a eontinuou* 
rtim-nt pow«T of I 10 kilowatt in the lower limit: with 
alternating eummt t>-"et kilowatt a 1» frf-r e*-nt mixture 
at 40 period*. Ummpi *™ *** olll >" to regarded an 
danipToiii just before the nystern breaks down. Ar- 
moring i* m**-—*r$ if brvuk <parkM are to tw avoiibd 
und earvfnl UmdiruT >f leakage ares am not to occur. 
In general, it i» nt*e<-<sary to prevent the posnibiltty of 
imigh allernating rurrent*! may liav* a 
Hpark aod yet tu.t igutte gax. If the ua* 
of eleetriirity is placed umler th«e umc coutroling con- 
dition* everywhtTe u* in naked light mine*, and always 
regarded a* a jM»o<ihle *i>urw of igtiiihrn unUvu the part* 



• ot Oaseous Krpkwloo cauwxt by the Kl^irk- Hcsi- 

by w. M Tharmoi mi 
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n>UT*. all dangen ean be met and guarded agaimtt. 
Th* ruk» an? ev«»n ikiw no gi>«ter tbau llewe uttetiding 
the wm of tUmo Aafety lam|M, which in almiwit overy 
great disaster have lieen discussed as a poMibtc eauw 
id the original ignition. 

Tho objori of the i-rie*. of rin*raro|uw of which tin* 
paper is an aWtraet in to bring i« the coiutidcratiou af 
tliiim* wbo an- still doubtful that theiw riaks exist, ex- 
parim. utal evidence trust lb»y ur« real, ami to give the 
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It is often dew red to know on what day of the week 
uno event occurred, Uit to a*e*rtain thi« often roquire- 
ihle rime and 1 rouble. To meet t 
haa been arranged by Mr S. K. 
Mich., which enable* thr qu^iion to U- nn- 
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by H. F. Kennedy, l*ke- 



ealendar covers four thousand y.ur*, Urginniug with th*' 
ymt \, A ■>.. so that it will be generally useful for many 
yoans U" eoiw. 

1. Tlu' Jolinntown flood «M«currvd Ma> 31**. 
Wliat day of the week was this* In Mm Uhl«* of 
' ('. iilurn*" agutikHt 1S(W we find the letter c. In the 
ftrst Mrtion nf the tntilea find tbs< figurv !>H, and fi>llow 
tblw tine nerms to tbe column under Mny. and take the 
small Agurv- in ibe column r. which is X Add this figure 
to the day of the month, 31 in thu ea*e, making 34. 
In tbe l»«t e^iUimn of the tables, at the right, this uiimh*r 
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iTim I. 
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UWU a. 

llir ntn« Ji»f, ii»*f tlw *1v*n IIMtnill. Ill rVnliity l-.^fimti I. » tilth* iHTtlfV Willtli tMti|ti| | w tin- 
ut- tilt- (It.) ill tlw k In null. KHpJ o.liinMi 

ptti.r <lk'f* wm tvii...iit>J l.j Hi.- Julian 1't.l.ti.Ur ttiiil m.voJ lviiLu/) li lur tnu^t uki n In it.- 
i lain. Hta c.oi^j ktuac. 



it f.miuj A4ritjnftt KritUy, uIim-Ii in (.It., .lay rw|iiimj. 

Kutniple '2. Culitmbit* discovDrvd Anuvir* OotrtluT 
IStk, iVJTl. Ht<hh,«J iuiik. as brTorf, hut in tltti objui 
wt> llnd two btniii f Mini rl. J4p%ltt*t th^ ttftiUiry. 1400. 
knit ntt tbt* rt^utred dntt. ootutu io tbi. "Julian" cal^inlar, 
»'t. l»kt? lh*t Iksurt* from lb* oulumn unilcr tlw> srotind 
U-ttrr. if. io tb» Ot'toltt* otilunulK. Tbi* i. 4. which. 
nddiHl to the day of the montti. 12, pvi^t tia Hi, whitih is 
ftiuuxl lu bo Motxlay. If too date bad In- n in tlao 
"Oi-t^han" caUnniUr th* Acurv under the first IrttiT 
would have boot takt-n. 

Example. 3. tietrinninc of the Christian era. January 
l«l-. 0. What day «u Uib? In the century uble 
atrainat 0 wo fled tbe U-ttcra a, b, anil a* tbn *<venl wan in 
the "Julian" caieitdar we take the fbrure udiIit tlwi 
>*ei>nd Ucttur, t, fur Jmiuwy. wbleh in 5. Addinir thin 
to the day of the »<<-k givo. ua II. whi.-h ,..tTr.^|«.ud» 
to Friday. 

A Chriatian llnitrerrily in Cairo. A fund of S2.4MJtl.ann 
on.-Knth of uhjflt bins already h-en aubambed, is now 
beuut raised in the Uuit»d 84»U« f..r (In. iiun..«t. "f ee- 
Ublwhintf a Christian University. modi-M afu* tmi.er- 
uu<« in this oounlry, in Cairo, wbieb is Uto intulleetual 
center a< Out Mualeut world, and is already thw seal of 
lite most famous ol Mostent univmtim. 

Wt wl»b Io oull allmllun Io the fact that we arc Ui a 
IwNlliixi to render eitcnrtrteut av-rtlce* lu every brunch 
of pateot or tratle-utark work. IJlir stntT U cotii(Minetl 
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ixighly tralued to impure auc 
pllentlima. irrmptxtlve of lb> 
aublect matter involved, or of 
or aclenllbc klton lcdce 
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As Illustrative of tin- Uud of service that eiliLUltoh 
i-.itk MrtnutUnc* miller, er«i to very vkui^ Huldren. 
through planting the <ee*t* of the tirtMtiL«T *eiiHe of 
^••iiil i>Mti;iilii>i)M wtiU-li it hu fiuoraMc lu mental wili- 

'I'} IHHl iHftllll U»l| ... li^tJI-. 1.. the .lUMHillNl th.lt 

I* I trlit «Umt It) rfjin**iidi, t will mention 4iii *4i»ct 

viitlitii, mijh rtk-lully tri vkiil, Uit succestlmly iui|>ortuut- 
A *uiiiU -ill I.J. wtn> buil fiillili inlo habit* of theft 
hi-ennue Mrontrly *-a|rtlvMte<J by the idea. wbMi w*h 
r,..-..f.,|j ? prc-ented to him. OnH he r..ul.| n.kv -with 

J|i. Mislead of With 111* lllllldK. til.- tllllikM Hut be 

Imij^isI ti> uiiprojvjtatc, mill thus culn. blenlly. tbe Kiitl*- 
f -tt-1 i of |aj(tww«t<iti. relnfiw<e*i by Ihe ifratilk*.* I ion of 
K*ii<r>ltnr i» dim w«inl (ileal. tiHttoiuli oWUed t» re- 

.L...H., .. Uw |^ 9 Ki|n- of tuliMm oWiu-r-lilp/ with iU 
di-und of llir ><*4nJ prim l|Je. SuImwiiu (it dcroMiuictitrt 
imhViiied ihat (Ms dl-tovery, which i»ppeiilrd. |"erhai«*. 
|THi:itrlly. to bt-* LmatftMliuci only. Iw-li^l to efle.1 a 
i-«»t • hmice of (••ni|«*mititMi(. 

'I «*duciitlidiul >>))*t**feii that hu* i-1h I utr* till tii«j*4l 
Hnn-oimMy rlic nu-rhod> 4if iLnhn-tiitf ur i-mphn>lxltu; thbt 
<-oiuiuuiilty *i'i*tliu»-iil a* * coal of proirrev*, mid bint 
p!ii<ed then* on a pra>'lt<wl ftolluic fur <-lill'Jren between 
* inni ti year* old. \h i indebted I y It..- kiixhrmirtni 



»> WM'III 



.1-- 



KllliltTtfHttrtl* ill* Hot ll) Ull) llli-ttim ttlway* 

,. his lde*K but lAu- cave .>f ttilw Ihr* lu the 
failure of i*rcul> mid their iidvl.tert h> nrco*ul&e tin* 
|<irl winch till* *>Mvtii aim* theorel kwl ly lu |.luy, uik) 
I.. (Ii.lr fjilhin- iclvt- mi *il4*.|»!i(e h«h«mi t-j 
m|im H.irHuj," tfujiril (bin •ml. 

It l>, h-Ajwrr, »< a «n*m*h to iHltult tin- Huh-rtuiKt 
irf ii friuriil iiniuinitury tniUilnx ot tliL* **irt. <-vi*u kf 
It outfit br that It* frloi'litli^ wirru lu bt» 

iMiti'J"!"**") thntnuti (he illurljilitH' \<4 Mm- luniir. 

KlKll illH.l lul> hi* «WI1 H|-«rt-llll lllldlM, lo U- HU'I t.y 



to bo l>«t uinS»*r-eotnl wlun ihrjf ■» 
lu the Uzhl of ii k mm U-*\kv ot th<»*? to wh<KD 
lt«' ti'iHlt-iKleti lo rv|HY«M»lun. i|lK>-«-tiitl..||, «cii| iiini.l- 
vnlfiHv luivi* uom> f« ti. * cn.»Tf w N*- ox,-i-*.1vk .Ji-c/.h' 
A «i>rtjiln »HMM)Kt i'f r<iir<**Ot«i, dlsK..UU.wt, ami 
«n»l)lval«jw Hot'Di.^ U> be *n UierltitUL' itttniiUot irf 
• itHiM-llthe rxIstelKi-; but II bim uo< Iks-ii «!i|wtnt«tl 
tmtit nevtMjlly «( wlmt mi i'tirt> Ht«g* In tin- chlM'H lift- 

Ibtw trf hMh ll'N lint) HJ>|jr«ll'. It 1*4 tnn> Ibilt, U'llh (III* 

uui]rifHy tif ililldrrik lu-ltbcr n-iffe*«»l*iL nor tli»u*»'-iii- 
lUin. uor tbr tiuileui-y to jtrtuiary or rtncthf* I'lautlimil 
vxevrv. tUt lento l» th<-f r»ttult~, In dcviftopH t« iiuy 
very objcrtLmuiMi' t>*IeM. ehlWn^i or tilt- IhM w rl, im> 
inaltir lnm i'MIiIMIu* iiml, for * ttni*. liimutur*" thi'lr 
tmltH nifty U', aiHX'AT to Ihi uiirkrtl hy a <-lnir*rti*rlj»tU* 
qiullty that Ktiuiii* crwr urt u« belouulDj; in pnrt to 
a nittturrr futur* at whiuh It may W »W to be |»ro- 
phetli!. while. lurhjijN* oil 1liMt T^fy aixvtliit. It n|ipwil> 
hImu ti> Ih'Iok^ iKH'tillnrly c<» tin- |>ri>c*<it( Bnouicut. 

N>v«>r1hW«<Mt, Ut*r pi tin II* Into nhlih Mt uiany chlt- 
area ui-tualJy -lumlik <ii"t uiiiL-b Iknuibc they are 
d**ciicTtil* lu ibe WD-*? of Imvlin |>rucre!«tve bruin 
d*f«1x, »■» Uimi-« their |vwur of uo;»[<atWiti 1- Instif- 
Ik-k'lit fur the re-iuUftnt'Dt* of llfir Ui a ff1w-« I'uvltxm- 
inviit) Hboiiia t* tf>i*iunlzrtl 11s Kbmdlitc ofN-n for ptpc 
tlw* ruitfit troiilly ada |4ablc cbltit The curllmt ymni of 
nil cblldmi arc years of tH'lf-t!Di[rin9<mL>iit. the fiatlliic 
nt thiMD^elvcH lu the HfiiHMtkoiM thai attenJ their reflex 
iKt-t. thi-'lr (iii|iiil^, the rv*i<nitMi of tbeir jM>*»en*. 
il->lr»^ nit'l ft^eis anil tin r»-DtN-t«>l In tit** atteiilliiti of 
llw-lr )inn>citJL Anil tbh period U tn-*ei frooa tb* outaH 
w li h tttn dftCjriT that tiier-v new fouiKl icmtlllcfltli>nii 
iiml <-*t'tt*'iurnlB will be tjiit-ci tw cxvhi^tvely In und 

Tb- ••■•ittiM'Jni'bt *>f tl«*o primary. iirlmlUve, and 
rl.THrniiii iJcajfum— whhh m<co htvonMt ntMllbM by 
tin' i'i>iciiKii'lM(D3( whlc-h ciiUdreu institute between tbran- 
H-hiN mid rAbor*, and tbr liwtroA'llve dl-wxivury «f ttudr 
earrtflty for fMHii|Hii«atlonri mid orer- .■uuif«ti>«utlau!i - 
i- iIk-ii innn- -.r xui^r^-bil t.y llw rr. B nwnn-DU of 
lln-lr of ri»nta>y. tbriAieh wbU-ft the iittpluaii- 

»i.t rt^lltl.* ..f tb«- m-'IiiI llfo. fnr wtik-h thfy *r* Mill 
mt|*n |«ir>'l, • iiu N* ^h<»r*0 off for a time, lu the Intprral 
of a more* nultiisl life of 

llnnd Ui hmid 




t.in.^i ..f iti. iHx^lblLlty .tf npit^liu nluit U ti-o Uls 
(n— .inr. -rx-iit.b-vl with tbiit uf nrcwrvliu tlw pliiwir- 
nn*uii tMr^i of Mtiifiiwii.1 that in itrtit he r^ kntn^l 

|aillf)Vl 

Ami h.-r,- U«hK. Il«- iUhiIiU- life of nbl. h ^n-ry .I.IKI 
li.vcr ^Ii.juUI be ubl- ti. mv ih.- trait* nihl tin* tluuc« r*. 
mill uImi tin* iHiUKlbllltli's nf mJtbJ iiwfuliu^v 

rhlldren lottrrun-. ll U tnu*. lnst diiiiiIhtm of hnblu 
ulib h they nn* teiniUiMl (o ii-btd tti lliewe vitrlker Jeans 
.ii»l ir in ii* irfiju-fliKMild*- hi M «. Mim^ of j w .niwii**»t 
DiL^ blef lit liu tilrnutl l«n.]i-iK-1.-» u It 1* t,> ovt-rlmk 
their i-hvi tinloo*' Kltcmit<'aiKe. one nuij- t«L- truv<lful. Imt 

*liolHil ih*m* |lt<< be vuiRhfll). 

Tlw prlnH|fll |o nbtilt i<irt-ntN ;«rv fV}HiM<1 

in* irf tt Us..f..l.l miI'I, Klr»-t, IlK'.v Kjiiv full to 
ii>li-*|niitf Ideti of the |i[>mv?u whMi U uolni; on In tin- 
rhttilt iiiIimI. Nc\I. tln*y may full to n-onnilw* Hint 
I-IK li ' liil'l. ill i"n U »tnitv of tii-t e\i<1eiKi*. I* in*4irir- 
lively try hue t« eiaiMnnl ll -|K*« I»m of nni|l»| ui.rl.J. 

Mini N ik»liu; then-fur a -t or »vu.U.n»-i..« «bl.U uuM, 
iwfoii-e, be luisiil on tb»! « i»mtlirti)4 which lie «rt* from 
Ills own rtTorts und ftinrtioim, buwei 
trivial, or e»eii remit I nr. the liiTiirniice of 
l<ni^ uim) Meem to Hie ;nliilt. 

Khuitly. tb»\i uui> bf tiu> dfwlre in wH-li t lit-ir own 
umtlflration levi'U tlkoiuh uuiiicn-rtiiui.l> t >tund lu the 
w.iy i<f tlie brr»t interests of the chlliL 

Thin hitter dancer I* lui|»or!mit und fnnillliir. mid 
altltouxh not dlfllcult to itiiiirrctaitij l< very diitn ult to 
juoKI. TIm> love of thi 1 |okreu( fur rtn- i hlld unually 
liN4iw KTiwt iU'i'i»tSi-*i ; hut tli 1m bt ti*> often jrtven for 
the Mke .if a reiiirn lu kind, mid It then pnrtiike* of 
the ch»ruitL*r of <eU love, or mirror love. Thtf »vrt .►f 
Hi-tmIIoii fetters Ibe child lredi*ad of ttuiklr.K litiu more 
fhr*-. n||i /t]|M n«lly dlwlnti ftw.tt.1 Love l&fT(-n>o« th* 
i-iillif* liiiteiHH^Ii'iM'e by iirouxinn In hlua a L-urref«|»aiid' 
lu- tllMlnteri-v1e*lnes3i tin lib part, hi n form suitable to 
Ills nee. 

The [«reut •Onrfjlil be a hridKV "*'er wbU-h tlie ehlb! 
buy iui>et to a mim-IaI oxluteiu-** uf n wld«-r n**rt, oirry* 
lux habllN itibl tt'iwlioiii'rt of loyalty and itrrvtee, and 
fit IIjii: within himself it forrNbaduwlut «n« of the 
larcer L-ommmitty of whteh he la lo (K«x»uie a part. 
Isul. Inst4<ad. It too ufteii bnp|>eik>* thai live failier or 
iIm- uioiher, by »lir»i of Mm* very eki-liuilveiH*u< mid Inten- 
tly of 1b*-lr >inu afT« tlun and the fiudnatlon of Ita 
ethllillloii. creuti^ or InleiLilllea a similar exehi.ilveuetu 
In tbe child's mind, iiml thun chtilns hiui to u net of 
jirlviite (crallllmtlotm tihbU b«*euim! -eiiKUuUB und ei- 
netliuf In procK.iriii>ti n> they are aaneUI. The Tather- 
• imu|>1ox" awl "uuitlMT-e<iiiint4ix~* have |^ye<l with irond 
wanna a larsr part In payehannlytle wrlUnir, on In life.* 
Kcfieatedly have I seen lives that -diontd baie been 



InDwibvH like tlH«e whkh I have oiitlln^l. 

Another Inipitrtaut prln**lple which evnryiniip Hhoiild 
kiu*xx is that the fuutajdrs und dcslri» of child n-li. even 
when their ob>ect It 5omeihlbj[ which to the udatt 
wm5 Inslcnl&ratit or unworthy, bine iiieaulnim which 
'Y>w ii'rtr to being «■>•! atid u^fitl iiewtnliiir*, and lur 
by i-haiKv Ik« tninMfurtniHl by s«io»l tuuiiii^euient Into 
wan caning ikM'ful nnd erejitlte. 

The lntWIIc. jit parent will arefc lo »c through the 
act or the symbol, mid to apiireelute the child "s meiui- 
IniT*. The-« lueanlnitrt ^lioold W divliM^J through real 
•»yni|Mitliy. Ihim.i1 i*i vU*& hut InteMfKetit intimacy . *Eid 
Hhonld be taketi flt tli-lr 1h-*.i value,' Fur It may <Se|»>ml 
on the turn of this «trnw whether a ilvxlrabJe ontc^iuie 



th:i 



mljrlit hiive !*i*rveil u cxmmI turn Hit ti Kytnbol and then 
have been replnced. U<eonie*4, tlirvUKb repre«sioti. Hie 
cenler of a tiHini-rlnc cra> In*. The tw»rt>ucy to roliete, 
lu lutrr yejtrx, tli«- fantnuy-llfo of aolf Indulcent fhlbl- 
hoiM] may Arise from either of two Kcrts of eansesi; nil 
nx^nslve preference fiw the wlMndnlcent pl«L<nre* 



• V«inrt of *. |is|mt nuil l«f 1 1>- ? 
VmUl I>Ufa.4-« n ilir Mlilt-a/ih Annual <• « 
ran M«Uc*i AModatlun. Atwuth.' c ity. N J 

• 1 am ao« atMniKittnc *er» » <omf*ri* rtz>|»ntUoa of i 
l.fcblM. (*ft*I» rnra» of mb*H h*w tmru shiiwa by E 
lo be T«ry d^ply rautad lu lafiuule UmUum*. 



better choice niSitht i^rhiijH have beeu rauide with al- 
most e>jual ulllhiKiie>«> ; mid a tendency to retfm*lou 
lim«r<l thuMe rcuoiuicpd hut tdmiiler p]pn*urrM, nhowliij 
Itself wmler eondlthto* of fatlcne and iitrain from 
which every person w-*-k.H InntlnetUely to ef«eapr. The 
child (.hcubl he pn^nrtiHl n» far ii- practleable from 
rxiih i>f thew dn iiift-rt. Und lliivuifh tuning nmjile In- 

*t>«p*ife p«pM" by At<r»lti,n. ;ir ) tijr .)«nK in t^' I.VIi. t 
lfi;..-l.r«xo1. u fayrUatitbot. l\-r*rii , \, nu, t..;. 

'Cuiuu^ra k. U Htitwiuou'* Lmuutu iw*rcr«. 



m foi makliiK' the heM > Uobe, and, 
next, throuch bctne Uucht to do well and euMly the 
til**.* (hut be in to be falltit on to do. 

In irflier vronjK hi" ir« lUinenta to the hc< cholee 
(as, w|*-,-laliy, tUhoi.^h ttw tinltatl.x. of lUilig H ud hi- 
torU* tluinulers. und HiTiMifh eiumjiUw afforded hy 
HteTiiturei. his udiiptntUiiis and hi* adaptability Mhouhl 
li II t<e held In ant ltd. nnd with *rn*4uJ refereuee ii> Hmi 
mImm'MIc )*ortn of danicer« thiit lie mu-rt eiicoanter. 

The luu.k'InntJiMi of the yotnut child la a wenimn of 
liumen^ ikiwer fi>r evil or for /imm!. It be tMriml 
lo Ibe Kiipi^irt of the reusuil or to ihe inlelodlUiltloCi of 
•rte-e cnivlnifH, 

Th# *unile«ieidnr}' mldltlLnj which 1 prxiNiw to this 
cdinntlojiii! ^-tieiuo b- uue Hat hi u certain neitae re- 
•doprn Ihi! ambivalent prliielpte, mh one thai When 
rlKhlly uiultTHtovO K hrtxHler than emu the prtin-lple 
of ltH|»*t H-iiileiii-e mid |*/fc'er. as t*mnionly iMiiieulVitl. 
The l»«*t iiimi--«ir ehlld -U twd iil.-ne u «lnjtlc ludlrld- 
lul : be U likewise a iiu-wIm-i «if n ciHiiinunlty, or wcrti-* 
of f*xum unities eventually of it u Ideal eucumuulty of 
HKiie *^rt whleh he feeL-i Ibjit hL-t loyiUty la d»e anil 
|m wlil.^i he U-rifliut. relH^iml. .Stmllurly. Jiut tti pio- 
|H>rtlon to Hie derive thnt n inati mnkea hlmm.'lf Inde- 
[N^lidiut of mi rri^w hit; tie** »ucb hm iiujily hUvInU deveud- 
eiitt, whether baaed *ai fear or favor, or loiighiif for 



nit ire d«i»ehdeut oil the obMinilloiM hniHmed by 
ginmi fjuatltleN ami jMrnvrx, aiwrdlnx to the 
hllittd at by the tenn "miWrnr obfiffe." 
If ^.u h a 



mid hmii|x-rhi){ featunw of his ehlldJiood, he nhould 
ri'talu, neverlhi-lexs niu! all the no ore. the bent that bU 
chiMhoud stands for, tan* exproMduff, In hU life, all 
that "rrJtjtioo" UteruJIy taken. Indicate*, namely, u n- 

than l hi* *.rt of mnhlvnkw sliouW be, I thtult, th.- 
CiMl of eduratloo for the norinai ant] the iienrnUoaUy 
dtKiMMted ^hlld. ThU sort of rehltHlIni »liJch ttbouid 
*how limdf able to meet at leai.1 fnlrly well, any ordi- 
nary te«t of fc-euulDeue»f U uJao a i^ail a liner] ut thetv 
rtUrally by tbe eiluoiltoual Byatem of FropbeL It U. 
of eourw. not to Ik* Mip|«oned Uial a couple of yean, 
even m the best kinderKiirUns. murli leaa In any given 
school whli-h beam that name, lu to 1* reckoned as a 
Hure prevention against subsequent pajehutHvi, any more 
tlutii it Im lo be muiijkwJ ibat every pcraoo of the tyi*- 
to which I ham aU.ce alluded as tho hwt In kind la 
to be euualdnmi a*, tpao /<mfo, beyond the reach off 
tliL-ee danp-rs. The caiunt I m factorii ordiuH lily in 
vohiil ure fur too nnmeroiu for that, hut olie rrtisou 
thnt I rate *o high the jnandbUltlea of thU ^>X«u U 
th.it, while It alum to tue uU otntona wacw for tbe 
develoiwieDt of rhariirter without neodlemly caltlnjr the 
eotueluus ut ten tlun of the child lo tbbj aim. It recog- 
nlxet tilto the ioaportanee of taking aoia* tnenHures to 
prc[«tre (Ih< child, tluouifh very simple Inveettgatlous 
Into tlw reanltx ef hit own acts, for making lain*, even 
If silll .inly In a simple form, that kind of rational ^ef- 
senttiny which pnyehanalyhtft have teamed to look on 
as of ao mueh vnJuc 

One of the most ohvioua fralbt off tola rallotial aehT> 
•erntlny 1* thnt— contrary to the nmial liellef -It Is 
de^trnctlve of that morbid. emoUouai self wrutlny that 
fnn* tiy the itanne of lt>(n»{Nx1lou and thnt shown Itwdf 
ao often as a sign aud a protuoler of the neurotic dl»- 
I*tHtH« I ma not wnlded to any one |>0ait of educa- 
tion, buv*ever ( and whonld weieome any ifebeme that 
eituld show »*i lile(ice*t of It* eaimclty to develop char- 
acter. BFlf-reltani*c ab«I the recoEcUlon of eoutmunfty 
ul >U cut Ion*. 

i<r\ it not tie supposed, however, thnt this claim ran, 
without further buralry, he outdo for any am) ex cry 
s>>t.*n that make* a great point, with o.i W fd -military 



own mike. Thla hn^ It* *alue, but It is a value that 
•.tin eiudly be e-dltaated I.k. hl«ch)y. After nil. It t»- lb- 
|H*r>«otin)hy und previous tratnlixg of the tenelier that 
n r»- ttie element m of chief Importance, But every such 
teneher >h..iild bate been tuuieht to arn^t ft hint fnmi 
the exiwteiire **T the p^ychaniilyst, nnd to w* not only 
ceneral but s|ieellle niMtm* to cnulce his perxinaUty 
evetilually unu*ce*<nry to bis |^|.|K. The Itniiortanee 
of ful liming thU rule wns pointed out by the able Mu*. 
de HUrl. mm a couaWcration worthy lite attention of 
•very hymluto*. 
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Heads and Tails" and Heredity 



Statistical Methods Which May Assist in the Study 



The mysterlee of heredity have always attracted mm 
of • nii«T mid mm Ik general. Tlie theory of evolution 
lia* explained some of the**- tny uteri*-* , hut It ha* also 
brought fisrwnrd n»«w problems, which nre still far from 
w.lutfon. Tin. ahjn<1 iff this paper hi to show the us»*- 
r u It i - ■ — . in the study of the**' problem*, of certain iiwIImmU 
which arv called n talis lira! method* and which are based 
on simpJn arithmetical deductions from the result* of 
rttimx of chnnoc. In this way we shall learn bow tt fc* 
|MM«ilIile to enunciate, with confidence, law* applying 
to complex phenomena whi<*h we are unable to study 
in detail. 

In many earn wo am not interested in thn details, 
ami desire only the general result. The wheat grower. 
Dpi example, ctNt only for the total quantity and average 
quality of lit* crop, not for tho individual peculiar] ur* 

■ if oaeh grain. Thin to not quite true of the problems 
of human heredity, for each child to of supreme Import- 
a nee in thn eye* of Ilia parent*. Nevertheless, jf the 
average quality of thn race can bo improved by method* 
of MNria) hygiene that do not interfere with legitimate 
individual liberty, the result will hnvi* a atrial value in- 

■ lesH*mlent of individual advantages. It to worth while, 
tKeivf.nv, to apply the statistical method even to those 
problem* of herodity in whirh the individual point of 
v tew possesses the greatest importance. 

How eon it be eaeier to solve a complex problem than 
a simple one? How ran ifnorane* in record to the 
wimple problem lead to certainty in regard to the complex 
problem? The answer in gnen by a titudy of the oom- 
itvomttt and simplest gauvc of ehanee, ''bond* and taito." 

If a coin to tossed and I waiter that it will fall with the 
head «*le up. everybody will acree that I have no even 
chance i*f winning. If the throw to r» i» >ated 1 again 
ha>e an even ehanee of winning, and to on, indefinitely, 
for the remit of any tingle throw cannot Ir* affected by 
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r'if. 3. — Posaibilitbe* of twenty thrown. 

■pa* »t«p» at tb* rtfbt correspond to the plW of F1«m 1 
aud 2. At tbe left toe steps sr* rwphere* by a curve 
arses through taelr mliMW point*. Tbo runs, runipirsd 
with the RIC*1 T«w»*. thaws how tare* ft drswltst lUt 



the preceding throws. As Joseph Itertrand aaid. the 
i i tin ban neither exraacieut'e tx»r memory. Ye* If w* 
dundd be told that h*«d* had been thrown fifty time* 
in niccHHnion, thn result would appear si> improhable that 
we nluiiUd question the fairness* of the play. Here our 
Ignorance of the result of a singta throw does not prevent 
our Arm conviction that fifty otmsecutive throws eannnt 
be mm Ivoneatly. In order to u -I i be legitimacy of this 
eoneluaiou. let u* consider all of the possibilities presented 
by a sere* of throws. 

If there to only one throw, there are only two possible 
alternative*, hood or tail. If there are two thrown, 
each alternative of tbe Ant thru* may l» combined with 
••arh alternative of the weond throw. Hence there an' 
four pomibte com hi nations (head -heed, head-tail, tail* 
head, Uul-Uil) only one of which enntaiiM two heud*. 
If a third throw to added, ««M*h of it* alternatives may l»r 
iHHiibintd a lib iiaeh nf these four onuple*. producing 
right |ajs»alde triple iHHiibinaUo-r*. mily i»ne of which wmm 
tains three liimds. Continuine: this pru*<o» we find that 
live numlwr irf possible «iombinatloiw to doubled by ea»-li 
aiblit^mal throw, but that only onu combination to eotu- 
pootd entirely of heads. Tbe po-Hihilllit* < ( f three, four 
aivd ftvi throws are illufllrated in Kij. Land those of edght 
throws in Fiic. 2, The corresponding drawinc for twenty 

•aassiiod trots Pesi. tmUc Barcl'f arttota la L* Mdki it 
• via. 



thn. ww w«tu!d contain more than twenty nilllkm eiie-re. 
ami would till a *heet of paper more than a mile bio* 1 
the eircU-s were OfM wntimeter (.04 iiu<h) in d'» im ' ,rr 
r\c 3 irivee an idea of the size of Kt irh drawing. i» r °* n ' 
paLriaon with Uie Kiffel Tower. To expre* the poH-'" 
hibties of KM) throws, supposinc that UXI eombination* 
e«iuld be indicated on an octavo patfe, a-oul'l req"' rr 
10 volumes of 1,000 pace*, which would w**I» B ** rty 
as much as the earth. Of this vaat number of •■■Jjrjj 
twins one only would repn*sent thu caee in whirh ,,l * >r 
are thrown 100 thneti in Hut»-eealciii. This o 0 - 0 ** 11 *'^, 
to ss likely to occur a* any other du finite ta wwW* , k 
for example, that of beads in all odd throw* *"J: iiIlB d, 
in all even (liroww. The eomblnntion last WMT 
liowcver, to hut one nf a vor>" Lartje number, each 
Che* 50 heads in 100 throws. 



£ur. To t*U« «» ^ *Z#0** ZdlvUMJ drop 



■•hh»* ■ -~ 




V.t-U |mi>iI ■ o.niltlMHit.xi i< rein In n rt>w • r «n'« i t 

number uf vtbli* rlrrlm art -rr.i»-c4 Is n a>h l«t which 
thst nasiHer «f bi-sils. 
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Fig. 4.— Ihagram illustrating Mendel's law. 



r *ig, 7. — Reaulla of crossing plain with striped 
snails. 
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Fig. 1°- — < urvr representing the number of flower 
aets of chrysanthemum srretum. 



Fir. ft.— Forms of cock*' comb* Ida) obey M> mM'- 
U* of heredity. 





Fig. 12. — Two pure rare* of chrysanthemum 
aegrtuaa obtained by selection. 



Hi 6 « ft OS 14 MO is 153 lb ifci i7 OS 16 
Flf. 9 .-Curve of percentage of sugar in heals. 
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Fig. IK — Curve* of purr racea of chrysanthemum 
arse turn. 



Tlieee character* are called Meudnlian if they appear. 
In tooMMMTo generation*, in the following way : 

The crossing of white with black individual* produces 
hybrids which, in appearance, are like their while 
parent* a fact which in expressed hy saying that the 
white character ia "dominant" and tbc black character 
rt "reooimve." When those apparently white hybrid* 
are fr»»**»*«l among themselves, however, one fourth of 
the offspring ia black. Tbeac facta am Uluatrated by 
Fir 4. in which the oriirinal pure white and pure black 




Fir. S. — Result of rroeainr smooth and wrinkled 
varieties! of corn. 



individuals are represented by the top row of circles, 
the first hybrid* by the middle row, and the offspring 
of crosses of these hybrid* by the bottom row. The re- 
sult ia the same as would be obtained by eumbining in 
every potelble way the white and the black senueirclea 
of the middle row. 

Just as, when a coin ia thrown twice, there are four 
pomilttc combinations, head-bead, head-tail, tail-head, 
and tad-tail, each of white U equally hkely to occur, so 
when two whitc-and-black hybrids are eroaaod, an aver- 
age group of four offsprings will include one white-white 
or pure white, one black-black or pure black, and Iwn 
whitc-and -black hybrids. Aa the while chnraeter is 
dominant these hybrids will apparently be white so that, 
if the observed results are simply recorded without in- 
terpretation, the record will abow 75 per cent uhlim 
and 23 per cent of blacks. The fact that croasns between 
white* and blacks yield 100 per cent of white*, while 
crosses hctwomi these young white* produce 25 per eMl 
of blacks is certainly very remarkable, and it would be 
.i aanvaaa paw iJhli uj'.hniit Uafl ■-■vi'hni.i! kaa giroi abort! 

Menders laws have been tested by many experiments, 
especially in the case of plants, from which it ia compara- 
tively easy to obtain numerous descendants. Fig. 5 
shows two ear* of matte, with smooth and wrinkled 
kernels respectively, and between them an ear of the 
aecond croas, with about 75 per cent of its kernels smooth, 
and 2.1 per cent wrinkled. 

Experiment* with nnimat*. continued through many 
genaraUoaa. require great can- and an extensive estab- 
lishment. In four years Prof. Kahaud has used more 
than ;W.(KW mice in u rvwnareh that w still in progress, 
fag. 0 shows forms of cocks' combs that appear to lie 
transmitted curding to Mendel's law. Fig- 7 ia a 
■"•hematic representation >d n*oilt* obtained with ftuulH. 
The common garden (nail occurs in two verities, having 
n-*pccfiieK plain and striped shells. When these 
varietww are crossed Fig. 7) atl of their immedialr- 



prtHreny, constituting the first daughter generation >.F. , 
liave plain shells, m the plain character ss dominant 
Crosses among these young snails (Ft) produec the second 
daughter generation (Ft) of which 25 per cent have 
striped shells, aud 75 per cent have plain shells. The 
plnin-aheiled snails of this generation (fV, however, an* 
only apparently alike. One third of them [constituting 
25 |**r cent of Fi) produce plain shells exclusively in the 
next gecinration (F t l, while the others (eou»tUuting 5tl 
per cent of F,i produce plain and striped sheila in the 





Some of the cares ia which the mire, used In the experiments uf Mr. Rahaud, Use. 



Fig. Radiograph* of hands with abnormally 
short Angers. 

ratio of 3 to 1, The Mtriped snails that constitute the 
n-maining 2.1 per cent of F% produec striped shells ex- 
clusively in the third generation (Ft). 

In the course of gcDcralioiw the Mertdellan oosnWua- 
tanns become very complex, especially when tlio species 
possesses several characters that follow Mendel's law. 
These eontbiiiattniLs are irmcrttod by the same arith- 
metical luw • tltat apply U* the game of "beads and tail*," 
and they may be represented by diagrams analogous to 
Figs. 1, 2 and ». 

Hence the beU-ahapcd curve of Fig. 3 ia again en- 
countered in the. study of heredity . 

Mendel's laws may explain certain phenomena of 
atavism, I. e., the occurrence in a child of character* iwt 
shown by its parents but cim*|»ciou* in a more renmte 
ancswtor. In thia way a better understanding of sonic 
observed forts may he <ihtains*l, but the conclusions that 
have been derivod are l>a>ed on arguments that are vt«ry 
delicate ami sometimes contestable, as Dr. Guyenot has 
thoww. Slndlnr objections apply to theories of sex, re- 
ranted as a Mendeltan character. For certain rnal- 
formntions that ooetaT freouenrlv in some families tbo 
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observed farts are nut sufficiently numerous to pruvs 

onoclueivety that the tnatrormatJon la a MmiillM 
character. An example it furnished by hrochydactyliani, 
ur *lnvtnexa of firsrcrx (Fig. S). 

In plant* It has lim fuiind possible to obtain very 
i|, ri -.1 1 . ■ results, of great practical value, which fiirerawt 
till' results that may lie expected from such extensive ami 
well pUnwd experiments with animals aa those which 
M KaUimI it conducting. 

W'lusti tlu- statistic* of a largo rrti[i ant arranged arith 
rafaranro to the occurrence of a particular character, 
the bdl shaped curve of rV 3 will usually tic found. 
Klg. 9, fur example, indioaue the iwessentafce of sugar 
in a i-mp of 40,1100 beets. The number uf hect. yielding 
each percentage ti proportional to the hclKht of the 
vertical line marked with that pereeutagv. Thi. number 
tHMaMi and then diminishes aa the percentage ileadily 
iucr**%*cs, and in greatest for the moan percentage, 1*, .*, 

lit Mime caara the curve allow* two maxima. The 
Dutch U.tunut Hugo de Vrlea, celebrated for hi. ro- 
sciinlic. on licndil) utiil mutation in plants, counted the 
Ibiwcn-I* in inch flower head of t»7 plant, tif rlirysiiMfne- 



... train of ilitT 

mam levramm. The result, are abown in IV 1". ln >-»— 

the height of each vertical line indicate* the wtntM » 
planu which bora flowers containing the auniber of 
floweret* marked at the base of that tine. The curve 
.hows two maxima, at I » end 21 . The eced of the plant* 
which 1„... heavda of 111 floweret. MM collected and •>■»"• 
The leedlingi bore a large proportion of bead" 

flowerets. By repealing tin, process of selection regular lfttx>r 
.inglo-tixaxtnium curves rawaMrW in several UK"* nnmMn . i- ' 



I «* V ^olr^ _oncr.»e«--rbeo 



mark" 



mat 



••ftO, 0 "** - [■jta 1 '* 1 '" 

5(« M ,poirxtm..iiU T °^ain' 1, °"s■sl•• ,, •, 

Mfe reault, fir* <* J* ^* „ of 1 ""* 
double Wmomm ^'jTronuIre- lot* 

,„„^r-.t~. ' (4 tb^ it „,„ bo rxxwy 

The rv-»xi— m JuwUaed b» 



tU>n 
do- 

' and 



. l-'W^ntt. r*T Meanwhile It P*" 
j, of ► ,t *\. h ,,matieeJ reaemWarw* 

sive year.. An analogu. rcault n> Maw by „„, I**"*"?., b»" ,,,,1 »b* JJ ^ lB oae of gaxn»a «'» 

'*—■»•-*'- * I" ' ,<irsir B»Wa»*a «-» ■ see*! sal s r..r 



ir* seeds of plants that bore bead* of 21 wiwercV- ' 
thin way two pure ami diatinrt races, irae with B 
the other with 21 floweret*, were isolated. The cur ' 
far these races arc shown, partially »up»rpi«»od. i» j 
11. and typical flower, of the two varietiea are illu" tr » 
in It* 12. 

In this instance the isolation of pure races P 0 *"^,!! 
only theoretical Interest, leal similar method* bai*"^,,, 
employed with .iieessv* fur the improvement of »nV fttt t 
agricultural produru. One of the meet curv• ,, " de- 
is that of barley. The modem l«i-»ing iiidu-' <* 



--f I... l-" l *SS»'- <* °" practical 1^ 

f< >, "' 1 ..„.,ne'li» besliles o Mr , 



wbe" 



-""trr^ beslds, a* 

* ^tTwhich are ravwdlir 



[I a, p.— -~ # 1»C**>'» 



iiuinih l«wVv i»f ii ti if. inn r|t*nlit>. Tin* «mpl*»> ,f 




light Power Excavators 

I mi.! are iDiiunirrtiMe miimII umltTUailiitait -nUvrn 
mrih mivi In* uhivi>*I, Mikr-)i *n M*wtmt. ilralnnci' Jllrlun. 
imlhlliiK niftiltieiK mill fVM lUbt dnxlidziff. wbera ma 
itnlln*ry ntpum *ln>rrJ cmiiiuc tie cixivrnlcnUy utJlLunl. 
(in- 1 wlirrr hnud Uibor ts no rxi»rii-i 1 ■ mn to In? dhotur- 
■ . i _ Kuril work be Uwly nf (lie ktiitt that U rwjulml 
• if t'iwu«4jl|> Hint dratiutgt- kQUttj mtu\ o rtuup ami vOI- 
l U iit iiMli<>) |V»r (1i*1dx ttiU rluM ihf i xotiviitlau uuC only 
MthM luijir..-.. u.rni> jMe-ulNr la small lyimniunlik^, but 
- . .in .1 .1- Mh t?Dtrr|trlfM«s. 

With it view to ut«rtliitr m.ulmurtiU uf thl- kltxl 
Itw lixht utility etotVHl-ir Mhamii In tlw> tllwimtli'ii Imw 
h'ii <\r\ ImmI. whl'-fi 1* M|» r(it«J t«y a <*ru<U> <iU pcicIim-. 
mill Im Mi llcht thiii It 0di be m*i\y haiidlcd aa may 
< ln** uf work. An thr wiorrtrtn-tl-iii Ln no nrruiicrd that 
the framework emu be enx\[y Utkva apart, the » bx'lc 
outllt i-an In* iiuivfiileotly ti-.n^i-it :-«l nml net up any 
wvbcrv M «*ily a ft-w ttM>m ami wtwn «n>r* lomtml ora 
a |ilr*-*> ttf Ti«.rk It In nrlf iiropelllDi;. Ikjitclcn tlio nil- 
tun* inT m ■ n. "i v i : t ui* U nrrniiced to - 1 > n u wlite 
illt< hi'«. the riilef •UlTerfrKv twlwevn thin mitlH ami an 
■ Tilhinri -t«iin -lii-i .1 Ihx In tin* fii«1 I hat tt l««ii%r 
I matin l» it>eil. untl It U nl**. |MMuiMf* to tian a tnmh 
hiiiiwr i|1|»jn>r handli*: uiirj thine dtfferi'Drea Dot only 
.•natale tlretier eKt*avntl(xt*> to he tiiaile. bat tbo rxca 
vutexl m at p rial ran tilwi In- tleix^Ueij at cirfltrr tlln 
tanitw on either hlOe. The oil t ncin** |mwer lilabl In 
nl»u fiMirMl miii*b UN i ■ ■ .i : i- :.r tn operati* with toe 
ii-.* fiiicw* ereu* un«*d for thin kind of work than strain, 
urn] iiu l|t*rD«r*l eiiirlneer is mjuirwL 



vat* 1 w » o* \" .' , a „u ti»iW» rJLiU&l °* I«wV»- 
The Illustration .how. the excavator ill.tflo* ' V. .. u mo l\c«x. , JTrf dV( *I T »- 

tahl trench for drainage, ln which work 11 lia* -«*"*.,. ersTta* 1 "'*' Atpntt l» <Hlfl , _ ' n>8 t 

very economical, and It la also valuable, for cC* sj la ji«0ix»'y- ^ relcaae ^ JW" ' 

but Irrigation <wtial», nisi keeping them cloarr-sV , , •».' p * „ ,„rtU tt»x«» a 41 , rf lhe dApV. 



4uv 



veTj 



lug. .trl|i|dng, eoiulrurtVsn work and ttiss \,., . 
sand or roocrefe are other lusea of worse 
tins been applied. 

This machine b light 
mantles] or '> ■- 1 niol 

wagons over couniry roaiK It spaius I lxcs 
(Slier excavatlim or can Im> mounted of i fx 1 1 , t 
dmlge Is of steel entistrueflisA. and the forwHnl t»» •* 
Ibe struettire Is curried on four heavy. fI«*ttldo aTf** 
fhs'l wlits,|». nrnuiired In t>atented .wlv«sllxxar t «-«>. w.%' at x* 
tnx k. The rear end Is carried on two ofxti I In r re- «asc»st»aa, 
ooc on either slile, Umsmc lltted no iixIch, fillowliiar ata.* 11 " 

Ill 

tli 

lit 
art 



,.>vt.-t 



in cotietnactlou. x-.s**^! « "T. fAtot* fa **** satfU*- TsJ Mlt ^tt> 
1 , MM rtny »•< n»»» l 



lutnt 

gaMiitxB ot 



ull. 



u V on five poutrM **■ ^ <l , ' torOT-ffc^ 

Vk »««t eloep, «til U »«» to ° , stall B»5ffl«- 

'"^m? work to « Cna-c^. 

«" !ir 011 <3wi »* tDd ,i 19 HtaN ^ * 

'A ^rttih, „. "w** 1 i* rt of the Montry 

"ale. " ■*«« ,„ U * J, " r « nmwny j 

' ° r "'- ,r WU ^ « a^™ "°" t <,( 

''Wuiot. nectmnt of the 



am 



He side |ktay for nnereti trneka. The drsil*go*« «"ro B 
to „|san ditches of various width, and arc fittest m.' 
s|s>rial extetsslon axles glvlnt a maximum ti<IJuatxati: 
of litre* feet. A suitable number of eoctluiu. •>•* I - 
alite trm-k are employed with ••urh tnachttiv*. 

As above mentioned, wnere tlin worklntr fonillt ■ 
tauke It tterv*«sary, the entire framework and rxxMOlilrm 
ixn l< nuMlliteil on H Bout and npc-ruted wltlx e» a; 
eltletenry. Tlie uollutie of luil.ltiic. .wllixtl"«. " 
Irareilug are operated by friction clulrbesi nixxl * ' 



ry 
■ a| 

• «t. 



trolled with powerful for* brakes. The iij.-rixtl»»»X lcv« r H 
are cunvejiietilly located In front of Ibe ,sjsf?r»» t *»r, at "W J*/ 
arm nged ao one sann csu easily handle all < >I >c-rat I afr * 
mid brake levers wlUtoxtl changing his pesn It I « > n . 'I* *T «, 
operator stand, well funrard where be t'ommnndM ft 



a> 




portable utility exravator operated by an oil motor, axlaoww at sv 0tk ^ ^ ar »in* ,B '' 



ditch. 
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GtorrrBiinuiifiir? 

\TMr rdtt'H* nrr n*A 1***011*1 tif' fur •tnft»*rnt» m*4r 
rr|/iMi|J r i| it wil hr f v.N*|t»V> < W. tmt 'fl' niMi * • •r r i u/r< 



whlvtt |irovr« lb* abov*> Uiporctlmllj. To prove 
m>(uilmi noit! illmrraoi. To enortnict triuar-r ax 
tf*It/. In rttiv i-nm -ftil-f.it acute, Id Ibl* rnw. 1 tm'h - 
I |ht U*« BDilttt jut liu-ur J*T HtWM fa* prr 



Killtor of llti* StiK>Tinc Am-Vkh ,\ Si rtN* UK \t : 

In Iv* n niwii L-Nti.n .if tin- St».\rtn« AutkJi »n 1 
rn*t* Hint tlti-rv Iwv.- Invii Him- iltl< ois <-f the pn4»- 
bin lit tin* Jul, Ilk I^Mir. wMI. i.rot.ti-m »ih -.itit-ril: 

What bor-.-i»»»< r w.miI.I it tub- Hi. t » mi ...u.. hi 
.'Ilk fii"! riitiiiinx '.*!> nil I*-** |»/r in"ir mul ut Ulihji; 



Tn It*- tlir*-i' Mentions nlmvi- rvf-.-rr.-il ti.. i-ii.1i 
\-.\t\v* from tin- irfJii-r* hi It*- tint.' mnilrol t.» nop tilt* 
vat. U will Ih. px-t.il at*) admit.-*) by nil tmit tbl^ 
hinMiT <>f ttnw- k llw uiihiu-wn fartn-r in flw ■ .■»«•. in- 
ti^mu-lt ax ltd' lii>r*»-|«'M-ff r*-.|iilf.Hl t.. »fn|» Hm< mr 

111 Hill ilUI-Ht*"-' k» tU-[Mlwll'Dt .tlllj U|<\'li I hi' Hull*. 

1 Mlliinlt tin 1 f*.llnwliitf *<>JutU>h. util.lt ii-cn-v* irtih 
IW.IK- of tin- th«<r bxTrtuf'ir*' pul.li--ii.il. iin.l v»«t. wtth- 
*«it 4lrNlrtr>tf l« |rfv^ lr»- 1n>|kiv^»tn <.f .-KirflMM in tin* 
-IIm1i(.»-I tlncrvr. I MU>v*> thU x.luflui. t.. | M - nirrvt-r, 
wiunos. 



I -it tlw- llfir VI. k«I* tbi* vi'l. In f*v< |M-r ^-cant, mud 

i'lt Ht'JlIf Kimtl IQ mllnt JUT hoar. 

•Sltur- In tbl* rune tbe tar (rivdint IM* f«*H tH'f.itv h|ih»- 
piuic. fiNiin any |Nilnt "ii (In- line t'K In v i-fT .fl fWt, 
«ll>' fr-iin rf Im ■ I "liiK if ll» H ivillcr ulili it null it- 
tiliitil ti» <U, U) i iff Jrt, vilil. li will It *^|iial h» jiikI at 
rlslit niicl« with if/. I hrti ilmw * , whl. h Is tlm l*»e 
II]..- t.. tin' thiK* nirvi'. It nlh tbui ^wti fr<Kai tbb 
1 1. nl Ih- Iww HlH- or tin* timr ninr tn iHm'H'IcoI ««ily 
nl) | Im* «IIkIjiIii^' wlilrli tin. 1 mr Irairliil 1|i »li<f»|i4|ki;> 

Slixv lli%- imihi ai^illiil tu tin* Mir U 'lamlaiit, 

tin* il«vri>fl«i' In s N **^l !•** uiiirnrni tht.Mitjti.nit. 
/> 

KriMB lhi> r..nnul* 7' . risltui- IX»KV l« u 




7 -.*>..« p.u«l, 
> u in :«1 f~( , 

b 

rxiKiidiil in a »hcti luiw, •. • . T 



nhlih 1-..>J(. Tlioivfim-, l*> ,<B „. Ii.r.. 

l*Aft< Tltfll IDmlHM' till* J.. CiJIiMl |MtltN lllhk ."l |Nirt^ 

wlili a uniform iln-rraw. wli.tU will be li.'M, !>rAi. l."Ji.. 
;t/-ji. mul •niiT.fiPri'. Irt ciin»l .l.-.ll ii'-; 

.1 r.yji ... 4."* of «r. «■.,-. ..,.«■.. 

.'roiii thr p^iintM rfgk- inn. Iix-nti<l, ilruf « tbi> ItMfM J..I, 
IH. rtf.. .HTiN-'iKitrulnr to tf'. I>nm ^ nit br lay nff bK 
fl'int t«i ; In fU. Hi: Krrrl p*f pcii<Ui-u- 

l»r» in H. f . <«■, <•!.• , uinJ iirojwl »/, «.<•., nnlll Ibi jr 
iin^r>H^-t. whU-.i will I.*' hi |>iln.K i, k, I, m. Timmicti 
Uii-^- jMitntH ilrair llw- i-urvi* iiU/m'-, ulili h k» 111* lllin* 
.■urn* of .lu* iiniMi'iu wl.h ll Irngtb of ^.J. llx-lU'M. Ki»- 
..•rrllli: (In- lllllr fnr 301 olllr» |»T lumr sir OllO 

(ii. li.- I.. I .i.x.ii.l Una- in Una- iiitns. 
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1,.%-k . .mil. ItltM- iv.,m o«I In ,1..,. . ur 
-'.J l«>l«.T 
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It V TM iv 



A/ V../J 

IHIV" ' M.f'.VH»a ? (l..i-,|. 



... - Villi - I 



lirD=. — . - - — ^ ..'-l niuT"* 



;.»nr sec 




...il l x v-j :A ' 2 

p.r....- Ilir .llh.iv. 

I.e. uj - y.l.Mi.y »iik. i. . -tl.lh'.Xl mllM per bour 
Mah.l In lm»t' Llji... Al.tflc, ■ lltfllt aiijcl.- nml II' 

• u<. Thru |.i..>^l .Jul, f'f, I'tc, until tbi-y Intervect 
nr. .ilil. h nlll t«- .it j". rU: 

I'^tui: * ii -* u ..-iihT. ltuniciui. .lie mm- aAJ.- hwuiik 
..r.c.i.i.l ii. il II l| i.tih isinl—. at t IimI.'».I of r. Tln-n Ii. 
in -ii-. u.ii.lil l>- ..pIIiihI.'i <if On' lian' ruriv alu 
r'i.it.i llt^ ..nllMiim ul.t-ii. Onxl tbn oi.-nii urillnuii-. 
ublili. In .Ills • 'ii?*!', ulll have a Imultl of /*'..'. 1'm.HTl 
III*- lini- /*'/ r*i. that it will lie lH.-r|M--lMjiculiir to bii<] 
ll- mil. will tinnluiil.- In a* ami «A X.iw ||>«,. il,.- 
Irlilliltli- r-.i-r" xi-V*. ».i.l tin- Ulti.il .rli.llj - 
..lili li »wl.- l:ty3Hli» ..f .1^. .,r III.IHM l 

II.iVm" 

from tbi- illiieram that llw nir.ni vi-I.K-l.y. mill imi. mir 
tialf tiw- vHiN-l.y. ur tile- liriTal.^* vHiM-lly. mivt I*- lanil 

In liraliin: Hi.- tinu-. 

Nin.i -iiriul.ul II...- xlmwliiii |ir<ij.Hll.iii nut lift 
I.t.1 illiihTiilu Ia- .-mifuMlni; l.i i.'ii.li-r. 

I'luli' II l> an llln.1ra.l..n ..f hinr thr lliui- iiirv.- 
n>..tl.l Ih- ilrawn wbi-n tb.' nuiulmr of fi-«-t .niv.-l.il l" 
h~< Ihllll lllr ..-l.«1ly In till- <H« v.-l.»l.y - .10 in II.- 
|» r ln-air. IHnIhiiiv ~Iii|.|»-.I i.|ltaU Wl f.t-t llawl 
Kiiui.i a* In l'Ut>> I. Ijiy ..ft* *al f.s.t nil PZ from /' aiMl 
nisi. Till f.i-t .in JVJ from I*. l.ruTr ami jiriM-rvd wl.h 
I Mk»i* <-nrvi** *mnr im in 1'lati- 1. Ihi. vt-liK-lly - WO mill-* 
int wiur. Note ttmc *nili*. ii Imlim — 1 ^tliuhI. Tb.-ii 
B Imi).". mi lli< .-iirvt- m'k'ri' wniilil i-<|mii1 I xiiital .if 
llniiv W. T. Kl«-iii». 



II.-ut. tbi> fi.iiiiuln /' - 



It will lir n-n.llly m«i 



llm Una. It to... 

.;.r I-. M.i|i a« |.ri.ii.a,i«ly «t».rd. 

1^-1 d.i »|iial r.H^-lN^iiHl M-al.- r.iiu.1 -ki>I^.T fo.it 
iNiumls. I^y ilT nl. Jit. if.. nX. I'll*., nil t-.njnl. Tla-n-- 
f..r>-. hi final- :V«S-M foil l»wlid» ; , u , N u»l. il r 1(Ui.M 
:.4-> /.-/'. aiww.r f<«*-|«wnil«, .-<.. At III.- |h.IiiI> i. a. rto, ..««t |»t 
{.-llili.-illnn. In IIh- Urn- n-J. I'n.Jrtt .bran lUlUI tbi-y 
li.lir-.H-l I.ii>i. llui' «.. wlii.li will br al pnlDti. i . u'. <'. 

I »'n«ii iln-.- 1-..I11-J. <wl i-rri-rii-JIr-nlan In llic 

Jlii.- iv mill |.r»J.-.l Un-ni until .li*-y ln.«-rHr*-t lla- i-unf 
^«lr. wlili li will In- nt point* i. ». /, ai. 

YIii-ii -uli- 111. nlil.'h. In till* *-u*r, b. U.U4 -HH-nbil. 
Ill Unit lll.rii.l (In- iar trurrii frnlu 4 tu a. wlihli 
»i-*U- II f.fl. 

A* 



Tntlii. ralll'V .if Iln- Snr-.rlrl< Annan .v Si rtu ut;vT I 
I liai-^ Ihh-ii iiiui-b li»ti.rr--ifi-il, mul >-i» linv.* --*-i.-iiil 
.-l.i.-r *'in;lti.-.-i--i li-rtt- In tliv irTil|*-kkK solutt.-ii-. for tnaj;!.- 
-..|.mn--< a-- workd out tiy Mr. A. K. Ktuiirdy In llw 

< nan 1 fur ' iitoU-r Ilru. 

Miiiij v.iin. in,-.. I uurkcl ikjI 11 iix-IIunI I.j wIiMi I 
rlli- tin' milulH-ni i-.im.i-.-i.tii.-ly In... 1111^ 1 
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of mill ..I-.I.T*. lb.- ux-lli-.l 1h Itiif inn.l.. l.lalu I thlliH. I.y 
111.- Iw.. lllii^nilkiii-i eiv.'ii hnrrwllh. I .11.1 n... at that 
Hun- --II.-.-.1-. I it. <-v.-lvlti« 11 -.iiDllnr U1.-.II.-.I fur «inari"< 
..f .-vi'ii oi.li-r. anil liiin- n.-vi-r -.In..* liiul l.-1-.ur.- l.i try 
It fnnli.r. IVfba|-> Mi- K.'lnnil. , ur «.«-.-• Kit »»•"•. 
n.i.ilii I.,' li,t.-r,-<...l In rr, It mil. 
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i In War 

iy nu«'li ardouK work the rnortAlil) anions llui vo- 
tbeliw i* ru«ty, nkire »«iHH'ialIy io tbe eoao of the Gor- 
man army, whbeh umw a heaver v*Wek- than in t taught 
ttdraalilo rl-.-wW. Thr Grnuu unit »f 4-iot. I 



intfk with J-ton trails weigh*, when fully laden, aUmt 
lit loTiN— a load heavy lo draw no muddy nwLt eut 
about by hard wertee, and itanjcomim for ill* snialltr 
bridimt and ruiv»Tt*. Th<- difficulty of lining »ueh heavy 
v»'hH»* imiat |tn>» a* the win1*r einu.-s <tn. eapeeially 
in operarkiru mii the Kionian 'mulier. when- lliev mil 
rwareely prove otherwise- than entirely uwk** on (ho 
pntmt'Vf d»rt nwdn uf the miuii. 

A rnolor u«m>n, capable of ttarryinc h net hmd of 
:i too*, will prvlinMy weigh, when fully \iu\m, not U m 
Mum latin, and this at Iwt 4 u«w, if not ft. will 
«»•" mi flit- rr-nT »*W', It in ntHiM-ury, in fiw-t, et- 
pe«*t axbi IimjU of .*. ton*. Any road to he eApnhU- i.f 
lakitit: ordinary motor trufHe mu*t he able to *land iwli 
h. load, «'V*n lit'ttVMT axle load* are »up|*»rlable, pn>\Mlrd 
the- whiflx and tin* are Hiiitnldy rhirs.n. Mil At thw 
n further factor eonu* iu -vix.. tin* ability of 



bridip* ntid euKert* to »»rry v-hirV* <»f tht» wtiirta. 

In <*der iu erudite very heavy vi-hieb-w to lrn\*-l at, all 
on really aoft icround it 1* neee*«ix> for them to wry 
tlietruwn tra* k with ihem. In *Vnt**rpik1ar" tra'*lor*. a* 
•mi* Hwm of thf** vrbieU* u eaUVd. a Uiu* bund of it at 
jointed bloek* run* an Hind rtch lateral pair of mad 
wheel*; thf 14oelc* lie «m the ground and the wheel* run 
ai'Miic a »'*** l raw •»■ On- mrwr nidi* of the l>tiH*k*> In 
tbiii way a very lance bearing xurfam* w ohtainnl^*', but 
a* few irf *uHi >«liU-lei have Imhd hniit. then- » little 
e^ii»r»«'iK'e available a- t« llu^r d^imbihty iiinl«<r »!'•• 
bcavy tviikdititirifc in wbieb they am designed t«> ttpt-iati'. 

The (Irrnian wagon* havr be*.-n cx|)crimi*nted with for 
alt f**Tt* «if h»avy military work. A simpler way of ««io- 
ph^yiiit; ibe *sinu> priDi-iph w the lun trf ahal hk- known 
a* "tfirdle" plate*. Thesr- are flat pluUs ttt wood «r 
lifted irirvllnte «w*h im1i\idiiid n»ad wbwl: ihey wen- mii- 
lil'i>*-<) mi thi- lloydd! Irwtiou iiiirnU' n* Imiiis »|fu »^ ilu- 
Oimmn war, and are now u*rd on midii t4 the hn-aner 
f l'*rtnttn lieldeurv; ttun the 11,'J-mrb Krupp iitv'* howjt- 
tlrir* a *hell «if 7«l fHUjtuU t* de»^ribtMl *>• t<r*MK 
\ whed# ti fiN't iu 



Mysterious Baalbek 



^ - l» fv >v ^'Wi t ' J " » 



;>'»U for ^V^ W 



'■I tin- <|iic>r>li<> r * 





^^^^ 



Whose- Magnifk'cnt Temples Show the Hands of Many Ages and ^ r <*ti\ >rts 



■ m( her -<ate-<. Tld* internal rtrw- 
k r le wiim |iarriy iliif her ualumt ejivlnMiM; the m-'ini 
tnlii rl<Uv> anil riven* dlvUlliu; the ^*»Ary Sutn lntiluteil 
vnheyx, plaliiH. inn! plut*^ikft mukv- a i-bt** i\-4otlno>lit|> 
itiitiiitnml and iiialiitaiti tiiirrtcm to the iidJiiNtmout *\t 
l«i*tfi dH.ulw mid |£Tl«-vtinee» 

Tlie l»>nt«'rll|ii<b' » I r pmM«rt^l fnini (be rltrtNoii-h- 

nu-nt iff tlie <l**>ert li) a omtltiikota* eluitu df Uke:* uml 

t**\s i.f retvH. Tlie I^-ltaiinij rHll£4=t extend fPtim wiuth 
»wi t.> iK.rttM-iiHt In ixinillet rldin^ ItM-Jottlnc the valley 
of the foele-^yrin. that f.-n.^.r. |4h1o U Ituka a (tnub 
Uttvi, win mi* fertile will hiiw ln«*rNli*nl the i»i>i>plefi 

* Iim deM|Ni>llt*l her. Antl I*+j*cmhl "l^iamm ti>war<l 
trie kuu rUlns," ImxIii* In tli»* pl'itcau *if Ita^ban and 
extend* north i» Mount Ilmnm. "the tower of I^eti 
am >n, whleh l«Mikelh toward I'mua^cviH." Krem Iler- 
iii«iii it ruitH uorUieiiHt mid dei-IInt^ hdw the [Jaiu vt 
Kiiihkh Till* niilire, eni^ Ully \>h»k In Mm m-hii4 cniwth 

• if Junlp<T Hud dwnif <uik, >>1iifir« i in Hie Wt^t iiliruptly 
Into Haka'ii- ICndltMhn: fniin lli rne^ on the eiut ore 
ilin* trnnsver)*e rklkvs nlileh ri»rm tlie walh of the 
terras-!.. The I'biM-nK Ian I'Hiin. two i 
lt.-< at the tneo* of I^nnimi on llir u.M 
lire ■i.lllvHli-l hi every rr. vi<v ..f 11.^ roek nh» re irr.rtr 

iimnnTri a(«l ai«d In the jjU-tw Wlow dense 

Srx.ve*. id" iJlve. 

T» e«-a|-» tbe peril- id Hie Syrian dewrt the narrow 
valley bmuue the tnimiilnp irnnuwl irf nitHjncxt, eUUl- 
xti 1 t<>n. arnl trade on It* iiMtvh eawl mid wi'«t. Bsinlt«*-k 
iiHM'letii llelltiMiIlK^ ,JJ ill*, nuilti rtoiil* loniitfetinj; 
]Mtmi»etix with 11m- emi»r. nr wills tin- i<1ier .^tt(*» ei*|e- 
l.nit^l In II... vtoty i»f Syria, and ink fart acemjiit* in 
IMirt for the iirovliMlullMn of today. Where tlvr ralley 
o|>eu< Inn* tbe foothill* of antl Ivebaiioo tuid the plain 
of Ivaietvfl Kt audit PiinllK'k at the head of (hat great 
ntittind rift that inark** Hie wiitereiairmt <if Syria. At 
'in eleviitlivn of OKI fe»'l the Hry trrt -link-* a position 
Hlmllnr ii» that of tin- Am until* at Atlien-c There are 
the rtiimliiH uf m rliy wall two mil** hi drrtimferenee. 
|«irtl<MiN of which are of I'lioriiW-ian oM^n, UatlrT 
Alexander tlie <irent tlie city rwe to a lil«h >Uw* of 
rlvlltMilon. A«tni)»»itH maile It a I(>aiian colony and 
|>fmed there u jrnrrl«eu J<*Iin of Aiitloeri nuaitloos the 
'.iwl Tempi- »" hy Anhntnua Plus, and luimea 

It ti" otw i be «oiKler-< «f the world. Ijitrr It nan 
tioiiert^l Into .i rnrN'tuu ehureh by Theo<l'»dt*4, The 
h'ii>l>Jv I- -n 1.1 ■■• h»'*' ^•iitalinil a ^ 1 1 M*tue r.f 
Apollo i.f Ze«if. whk-h the Httxeiu w.-.iH U sr Jiboilt 



Hy Mrs. TlitHiia-s K. Lol'jtge 



Tiffjt,: (h Utile or no aiitbentle riH-..nI of IkuilMfc 
U-fiir»' tlw Ibifiinn era. yrt ur»aunl and iitmut IwIhiiioq 
ami tlte N.-.lii.> uf iWlr-.\vrlit. the jiropylaea nt It were 
to SyrU twroi-r aiu) l.il.llnil UMory fn«i lUml uml 
r*»in W.^ddp lo Ihe .s,^ ,.f i;„lil w »ml ll»- Xi.xan.iH-. 
have ixiiirred Miiue of Hie tm*t -uaf^Mn: eveid* »*f 
hUl4iry. Iu thl* «ii-uiirlo^ eoTerline over ll"..<Kai wiuare 
a.il.^ ami mer JL'iHi rear*, hauihek Uihlly playeil n 
pnrr. a> 1m 4 ».i*|t r^vil tu Hie n'tnuhv* »f ber xplendbl 
tetui-Jev th». rnin> nf b»T puhwrw mid lb»- r<ih»f of h»-r 
hl»-jid«; a i*l m hllv ia>t reiti.ite. un dlMbuiim are nw-a*- 
nnnl <ir dnt»^ n^koitol, nil that rv-nmln* «if llaalhek la 
a brinVeii Meaoaxiarml elty. «e< n|Mirt and uiKbrotileled 
^jivi- hi Me- i-arvlra*'' i»f Iht mined <*hrlum 

Fnaii <-arlle<-i tlim« t*y rlu wax mi td>>*-* >4 priR*- 
to tbe fon-lro iititliarix wlihiait atwl within ber bordftr. 



iiKi liai^- 1«-4i. an iwm*e of fniiM> n1 IliiapH-k. for 
I'rajaii 1- Mtlit to have vImKm! It |>rior in hU I'arUilmi 
e«liipni(CIi. 

The Aniht eolnpn-red tbe eity in tSHf, In 1 |:U* anil 
..u'-tn hi nisi the ]il«ir w«p einitimd by MiKiaol- 
lii Hm» ltaalta-k mii rendered ti> Tnm*-rtniie mi HU uwreh 
from IIiuuk ti> OnmiL^eifct, and till' elty «iu eooipleti-ty 
liUhwd. Fn.fni thin tM^rlixt the ittvJliii- wn* rapid. 
iMirinx t)n. t'nitMilin the kHj wii* lb*' -rvtM* of eon 
stunt ftrire 

Tlx* t'.Trui Tetnjib' wan eniiubd a w.nk uf SutmuHin 
hy the InhiiMtantv Hint Kooje malutatu b<* tmllt lite 
elty aw a n-dik'ine fitr the Queco of Mbehu. hut of tlit* 
then- \h iim liinji.trk; room!, The ptntforin arel Huh 
^trurlure Uhi liMrrlptbnei, u-.w ill-u'iKJ,-, | V .|nf(na: t» a 
date earlier limn that of Autoulnii* I Hi*. f'oliiM uf 
tlie time of Srptlmn^ Severn* dl»pl«y * Icmiple wltb 
pnrtkii mid tfii oolumtiK in front, and uiiother ordn hat 

a temple wit! ay ^.Iiiiihik In the i- ri«<tyle and >4n* 

li-uillua from thr nlde. Th* arer.U*vtnre h.jth .-.di*- 
It of tlie <ntii«> period. 

htw tmv* of the inythidoiry of K^t. and 
In bi-* Saliimalla mrhthvna h"W, In eery 
remote time*. |irlr*U from (hi IxnUt a Truiple to the 
Sun at lit-tkipotU In l-elmnmi, f»r sun Wi>r><1ilp enjoyeil 
bl|£h nnUt at llaallM?k. Julia Ikjannn. emprc-ta of Sep- 



,wnriy 



w ^a^ted ? ft«-^ H . 



Tbe -inn rrb'K 

fnmi ilu-n 



oU-JUk Its 



(be Sim hi Kumhh iHuiidO: and DelmcalxilnH, a prlmt 
of Dm. Han Iii the H*n»e elty, boran^e ein|a>ror and an 
xanwyl title "Invletito* KatHirdofl AuxuMna Snee-rdna [>t>l 
Soils." Worrlilp nf Vroia olao prenillcd at HnllopolU. 

I tKler CouHtniitlne CbruttUnltr wbn esUblUlied. and 
a rbtt-k wat |*it u|*uu live ain-lent fallb. An linjierlal 
ritNK- r i|if_ w^n iKMiitl wnrnlna tin* p^OJtle ttgaizM lb« el- 
iitewvi itt ibetr rltPM. mid ailnionlidilnx tlurca ti> aeropt 
(MirbClaulty. A lin^lllea wa* erectrtt, and a bUhop aod 
bin t>r<*bytf rx ivjiiaw 'rated. With J alia n the AiHwdatc 
tbe pi* i-e auiilu reverted to Itaal. and th« Chrlvtlaiw, 



<)i«Iim do>troy«1 the troapJca anil fane* and converted 
the trlt.-lli.-n Into a rhrlntUn chareb. 

In the Keventh eeutary afobaDjaedaDhim dt^fceMl^Xl 



vsh. -.. h„iu ,. r fM. ami -*f)i*iiii: |»»» 

h- "- ir, n , w , h .. r gusrrj- ll^r.» l« » iM«-tl v " 

«■«•«•. i.. tM .. ^ 0|I | V .H,^,.,, ktHnni , ( , ^ «? 

. wi,,',... "' 0,ubl1, "•«•'• 

f.r f„ U ,<.., «Tlh„l„ r ,^.7' '' ,, " r '«-.-« m 

-«i«-ih ,,f ,h <- v "" u> ' V * 1,1 



ui4t.-<iirliiA» 
1" *yrl.< 

n«.N. II I til 




■•"tltiy 



I..-,,,,,.- «il>J..+ h, Mwlitn nil*. Ti 
fiiKHWiiu.* tliwi* Alt' iki t'hranlrlpM of tlAflltvk. 

Willi It. »|.|»i.,iiiii^ thi> nnnwi ta rhnnxnl to 
ItmiltH'k 1 . 1111O Ihi- t<<nipl<« cnoTCTtcil iDtn n forlr«*t»t« 



KbjH. Two Arabian rhmilclen mention nunll>ok tn 
Hm' iiitiHIc of (»»• li'iiih wniurj-. Iim Hauk*l wrlt«» 
in tin' inMillf «ir ili^ tenth iH'iitnr>: "Tter* «r« ut»t«** 
:»i*l iial.iiM, i*4-iit|vtiiri> In nuirbli'. liifty luliunn. b1»»c> *>t 
lunri'U*. aiwl lo thr nluilp rrKloo «f Hyrto th*re not 
11 morv i*(oi|iniitimn or ominldrr.hlc rdlflcw." EilrlMC*. 
jtii.'i.'Tit ui'uicni|ilivr during the twHftli iwitwry. rrl ** Tl- 

1 In- .in] rt-frn to the trnilitlvn w»it«"l» 

m^lM tlwcn »« nf ttw Him. of Solomon. RenJ» ra,I » 
Tiuli'L. nrntlnn. jttofiM nf etwnnonfl ntn« Inld UT> 
i-ut oi»mrnt. 



... 

KIWIf 1 0> "j <»«> 

t,T wl»** ,•»«"* 0 \t* 

...V Tl»*! 
.-iirrtu** 



ti* fn ^a U. 0 ^ a/rf? of thf nt/i f 
rt?/li« on area oftiwwrt™, xv . 

tf> « nouthern rant «•<» 

/ 

dl«in«.t»-*'' gfooe, the «oqj»/w llirarlnhl * > -' , "5{ 
rou«b » , " 6 'L D «r6en tbe mMtvrlal u«, Ut*f /Jf 
flutfeQ ooJ"*, cflpHnls »u<l "it'iM./,,,,, 



limlly 
«vl)t.-|) 




I,„rt..t Knnr + KU< A-r. * 
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Kvery member of the HWi.ratlnn of the temple HiinnH* 
n fo net ion, and K lea>t elaborate where the Mm In U 
snutwt. Hat It U In the Interlinr itff the Temple of 
PMOOlMH where the seal of Uic artLsta runs riot In *uch 
n iiuini. ng ,.t»lmu- detail that 4m* nigh* fur the work* 
of letlniw nml tbe ehn*te i-itiiuiitiN of the I'nrtbciKUL 

In tbe; mirth wnll of the HacvhiiN Interior lite In* 
••-rlbed Inhtet recording the tlcriuan Kmjieror'* *Mt 
I.. Kaalhek Ih plainly rldlhle. 

The areHillntt In which the Roman excel*. H exrro 
plliled In the circular Temple of Venn*, a form bor- 
rowed from tbe ICtra»«r*ii>». TIiIm e\naiplr b» notloe- 
able for It* pentagonal hoses*, fnur-eoluuined portico 
anil the henvy entatiuture of Cortuthliiii ..nmineot ncr- 
hanging rnrved iirrhltraTe*. There I* tbe uauat perl- 
UyU> of eitlumiiH added Iij tbe Komuim, n distinctive de 
(ortiirr evidently renm-ilM hh hii Improvement. 

Tbe mythology of Hj rlii Ih the liMory nf an Inteiifd- 

tVed II lid proline age lit which ()*rlh-cllt«clif»l» uhm flu* 
Impelling Idea. The ll*b. symbol of proceny, b> tbe 
1-1 mi tar emblem. It ban la-en aaM that In tireeee *-rhe 
utytliH are luntluooM, h*rta>niili*UH, In r'cypl maintain 
lug an nppenmnrw of wlfidom even when m*M fniita-.ll- 
e*t." but In Syria "they win to whirl aa the nIiikmiii of 
the deaert." 

Three tinprewdumi renin In niter reviewing the*e 
monument" : Flr*t. (lie «i-u«e of n-olldarlty ami propor- 
tion ctprewd In thr ■.-.,.-{■■■ im»*<iirj md, tbe 
rail»h display of Corinthian oninture, ho Invariant. 
«nui<tiiiant. wensuoii* In It* exquisite beauty of eonceffl 
nrnl f«.rm that tbe eye nere pained and the mind re- 




Making lone 




Making clt-rlrie and photometric mra*urrmentN of neon lubea. 



to offer * nemiliariy low rest-stance to the passage « f an 
eUctric discharge therethrough; nil this basii an etWlrie 
lighting "V-telli of high efhVicney lias been developed. 

The noon in obtained in n stale of treat purity by 
fractional tiquefaetion uf *lr, of which It coiiHlilute* 
one [-art in *4Xty-*>i% thousand IVing a ILquefnetion 
plant having » wnrkinc eapaeily of 20 eubiu naelen* uf 
liquid oxyjnra jmt (miiit. 10C liter* «f neon ean be olw 
taiiied prr day, ami Ihifc i* iuffieieni for the ntanufaeturo 
irf I .IKK! neon tube* of 1,000 eandle-powcr eaeli 

One of the nn nopal dtfK«?ultw«< eneoiint4To«l in tlio 
ttianufv-tun* uf nexin licht tubea is tbe fact that mere 
traeea of nitrogen and eajteeially of hydrotfen \er>' naa- 
leriaJly redutM* the luntiixwly of tbt> tulwi. 

Thin difficulty ha* hoeo overeome by inkinff ndvantaire 
•if the i>hi'n>ncneniHi da>oovered by l>*war. that ehannMil 
is extremely efhVienl in arMorbloc tr*** iH*r Iheir point 
uf bijiH'f*« ti<Mi. A bulb eontaininK atieh eharenaJ and 
eiKilod with liquid nir i* nude part nf the njmtem to be 
filled with neon at low |veaetm<, and, after It ha* done 
Kk duly. U fuM^I off, tbiw leanruj the noon tube praeti- 
.•ally BrM from objectiirtiable impurilira. 

M. Claude ba« ftut<eeeded In prviutnnc neon tulie* 
Home 17 f«*t in length, which hare had a life of 1.000 
bourn, thiu equaling the beat ineandeerent Ihiuim, The 
tubi?a con be made In any d««ir«-l nhape, to follow tbt» 
uontour* of tbe *p*e* to bo illuminated. 

Neon light ban a beautiful pink color, and U U b^tajly 
devoid of blue ray*. Ft»r thlti reawifi Miw objei'U ap|mar 
blaek in neon Hiflit, and to ostreome tht* Ll is Doreaaary 
to combine it with incandescent or iwn'ttry vojior light 
where true color value* are deaired. 

One mum give*, alxiot WIO enndlea in a noon tulnn 
<i meter* long, nt a rate of 0.72 watt* per candle. 



I«>4lnl Ofcd iwil (here MM l«*U>' thai rlmrm Ineffable, 
llw mM *** >« 'i.-M|» A gorgeott* biintt of pnr|.1c 
tlnuie and Miftly, *wlftty, trhuuphantly, liuum- u 

l*ii-l> Hweepliig that broken pile, tbe liUtnrle rontnl uf 

Nwti U|{hC Jubvn 
By Jacquea Bvyer 

A rKi ri.i.tiiLT striking examine of tbe fruitfultie** in 
pnu-tical riHultn which i« allni-bed t«i mnlm h> 
«»«n-b«*« r*miil m pnmarily fnon a ptirW* iw-iubuiic 

llltcresl is presented bv the cow of nmtl. This gu\ wa* 
tir^t rt^ngiti/eil n« ion- uf tlic r*no.i»lut'iiW of ihc atnn**- 
pld n- b> KniiiKay. It will Ih* rvnicmben-d that hi* 
plmfivl roearrhif. had their inception in the obnmar 
11.01 that Mmjm niltivn had a -I .■' gn>at<-r 
deno I > t liau mr r*iv> < ■> ■ • • ■ ■> 1 1 I f nnu B4 n** Nount**. 
llMMM «n tiu|Kiniy was *unpeet«J in alnowpherie nilro- 
gen. anil sysientalie lnve-ti|»alliiii did n-i««al xiteli an 
mipiinl> in tin •iM-allrd 'rar*-" guM* of the utiniwplirre. 
■ h>eh ronmtilute altout one i- - ecnl of it- total volume 

No» tln-«- mre gave*, utie ami all. have a |M<rulinrity 
llutt at llr-t xtglit aniild *cem to render them ill adapted 
fi* practkraj hmw; they are *-ief.i<ilirurly inrrt. aud utterly 
rcfusr Ui enter into an> .-lii niiral eimibiiiaiioii. It an- 
|H>nr« ln>|N'b*c4. tbcriTore, to expect any use ftir them ex- 
cept io their eb iiwiitary form. 

V« l njg of Ibi oi. neon, iUm-- |»m«< ph.VNieal pr*n»e- 

In - nlm h nsnter M |w* a ull*llv itdtipN-d ftrf a >|fei'ille il-m-: 
A "taciuiut" lolie, tbe n - nlnsl gna of which c ( himM- <if 
•won. ha* U. ii found by tbe fVeneb ■, -i. ... t'lau.Ji. 




lawrtiiig the ruppi r elertrudea into lite end* of tbe tuhea. 
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Ih ni> department of learning luw th* devtjopment of 
knowledge in recent years been more onosniruoviK than 
in education Thi* in especially true in tbe {'mud HUW 
A greater knowledge of srtrnce ha* aUo com* about in 
■*iMiM«|tifDiT of improved eduratkmal fondl lions. Ap- 
preciative of these- fart*, the American AMtociation for 
the Advancement of Science created in IflOft a apesHal 
section «f education, ami mi the meeting heM at Atlanta, 
U»t [kermher. gladly called to the hkgbeal ofllr* in its 
Ktft Ami'rb'n foremost educator. 

Cfcwll William Eliot wu born in Boston, Maw., on 
March a), ikm, ami wa* the only mm of Samuel Atkins 
Kliol, ami Mary Lyman Kliol. Hi* father vat a wehV 
kitnwn importer in Boston, of which city be was ab*> 
mayor in IKtV'tT, anil Ills mothers father was a sue- 
ce«*ful merchant iu the Ka»t India trade. 

His early education was received at privato schoolt, 
from which, at tin years of age. he was tranaferred to 
the Rmton Public Latin School, then under the dlrer- 
liun «f K|»n Sarv^it Dixwrll. Ten years lat<-r he 
MMml Hun anl with llvr clam nf '33 aiul graduated in 
due MMMh Handing second in lu* da**. 

In tin* winter following bis graduation, he returned to 
Harvard as tutor In mathematics, and with hlsciaNtmnlc, 
Jamc* Mills Print*. wln> luul rcr*tv«d a ximilar apjioint- 
•ii' ill. Itegan a life-long work as an educalor. President 
Walker having uncial upon htm "to aim at the career 
nf a college teacher." He wa* promoted to an *>mm- 
ant ttrof«MMii>liip in mat hematic* and chemistry in IK.'**, 
and two years later was given charge of the chemical 
laboratory of the Ijtwrcnirv Scientific School, where he 
remained until thr summer of Ih&i. 

Two year* abroad followed with peed*]* <f study In 
Kngland. France, ami <!cnnany. during which he ibv 
voted H|m-ial attention to the organisation of technical 
Nchoola and th* pre tailing method* of unching ebemlHlry 
Wd physic*. It wi* by tbis cm.,ti. „t that lie nn- 
i<on*e*nta*ly llttrd himwlf for the acceptance of n pitife*. 

Mindiip in rU'iiiKtrv hi the Mii»«.t. I- I i»tttnt«< «»f 

Tpohnoloo'. tlw-n fonrtitly tx^anixed, to which h* was 
callinl in IMS by William B. Roger*, it* founder and 
proMiUwit- Here he rem m 1 1** I for Iff* >e«r«, <irvanixlne 
Ami uVvriopinc tlw» rhetnical defiartmant of that famiHis 
inMiliiliou. Tltose ymr» will never be fonrottra w> 
as his Manual of Inortramc <'li»iin-u> ,l.sti*"n :uui In- 
Manual uf O/iiidiUm* fhinnical AmiK.w ilStftli ar» 
uwed as text books, wlule hat efMich- making influenec in 
too study of chemistry will r»nilinu«< for all time. 

The valuable result* acblevi-d iluriiiK hi>> extnnrelion 
• ith the MaHsai^huki'tts Institute of Teehnidotry ira^e him 
a high reputation both as a teacher and a* an adinluit- 
tnUoT, whuV hi* article* in the tu'ovtn lfnjutJUy on The 
New Education clciurly demonstrated thnt n ru-a* power 
had arisen in the domain or edurnii..n Th»- n'Iii linn 
of tbe Hoard uf OTCffJMM of Harvard had long be»»ii 
tested in the »latc lecislatare. hut in l>Mk> that fum-tton 
wan transferred to the alumni, and it vm lieliever) that 
the time. had come when the nirrtevibini eioihl U- im- 
proved In IMtW Mr. KIM wan elected to the pmcideney 
i4* the Ahna Mal**r in «uceeM*i<in to Dr. Thoma* Hill. 
Alhl M eoDtiuun) until 1UUII. He at OMM |»Y»n * -er»e* 
of ehnnirrtt that have mpplaniitl the old-fa»hMincd pn«- 
"•ribitl ixiun*e of Hludy hy an clcetive system, until 
more and more Harvard has cum** to re^-ml»te the en>at 
Kun»|M'nn univenitiea. 

Of theae cbangeM be ••>■»: "For the ftr*t 2U >-«•«» 
peoirni* was made through enntinumis Hniggle acum-; 
the n-nistance of many wi*e ar>d hoiioratiU* |htmiii». Im>iIi 
within ami without tlvr iintversity." but thereafter "there 
■a* much |aasj conflict. kHxau^e tbe Mleal* of the gn«tlp 
of active workers to whicb 1 i ,! U-i-nm* tin lde»J« 

of a coiiHidernt4*- niajonl> is! tbe friend* of the l'nm-r- 
•ily." The i 1 in. i*f the prugretM cannot be given here, 
l-'it ih. > may 1st *eeu in the annual re|aifis made b> him 
as prvMiileiit of Harvard <*olb*e to the Board of Over- 
noits, the Hrs-1 nf which wa* prracntcd in IK70. and the 
bvt in inn Ut€ the year* UN»7-tlH. Ttu-e it i« *h*I "have 
ranked among tin* immt valuable rmitributiiHis to the 
literature of Imcber tdiK-aium. ' 

Meldoin indeed has it l»ccn given to an> man U* so 
Mim-t-mrully achieve tbe aiiilwtiiMic • f f*i- .arlicr year* 
A» veam have ritiis* to him. public recognition of the 
good results of his lahor» have l»ccu hi*. Willinnm and 
Priiieeum m imK Yale in l«7l John* Hopkim. in I1K«, 
Tulan*. Me-Miim. tmd PtfttBaitlh in I00H, have given 
him the degree of LL.D-. and Bre«lau hi Hill conf<4red 
u|M>n him th" degree of Iti U, lli« own Harvurd, un 
ha« retm ooiit in June. I'.HIM, osit only . >rviwmil lit- faitl»- 
ful laUim «*ii|i tin (Uietorittc in laws, hoi In^IowiiI ii|w.ii 
him ih" unusual btioorary dueloraU' in medicine "for 
In* perrastent. powerful, and courageous help In ao- 



romplUhiRs; th* extraordinary reforms in luixbeal educa- 
tion.'* Nor h»v« foreign nations failed to reeocnixe 
hi* nducational work. In HKICl Krancc conferred on him 
the intagnift nf an officer of the Legion of Honor. A year 
later ho was made a corresponding member nf the Ktvneh 
Aeailenny of Moral and Politiral Hcienom. In 11MX he 
ns*MTe«i the itimgnia of (Irand tlfftcer of the Trowm of 
Italy, ami in I'M® the Boyal Order of (he TftuaMan Oiwti. 
and tbe Imperial Order of (lie Rising Sun of Japan, tint* 
three di*onrattonot being »H of tlu- Arxl r\*m. 

His wooilArfiil gift of lurid stateim ul ami |mt-h.v-iw 
elixiueneo has nalunUly led to his Wing in demand for 
public rducatiimal ami M>u>iiliAe addrrs*e«.. and cim* 
spieuouM amotaje tbeatt may Un nn ntxined the one made 
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at tho installation of DanM V. Oilman a* president uf 
the John* Hopkins rniversity. awl live one at the «i|ieii- 
ing nf the American Museum of \aturnl History in New 
York, Wln|e tliew adilrcwa have been larg«4y, a* bit 
says, of "an eplunmeral iialure or related to some ujUrfwttoa 
which was temporarily tnterpsting the community or 
the tnsuiution where I was speaking," ncvcrthclem tbey 
havr hud a might \ mtliieor»< <m mi4dinsr public o|»itiivn, 
for Iih utteranecs were tbe result of deep thought ami 
therefore carried conviction with them. 

Iu the I'nitcd Btalat fclt Intereftv iu various organiicu- 
tkim ha* always lieen wughi and there are but few of 
which lie luw not iMi-n a member. His name in among 
the Mhea* of the Ani.rwan AeauVmy of Arts ami Scien- 
ces, and he is *U> a member of the Mantachusclt* h -- 
torieal Society. The Ami-rican l'hd"-i.-pbtcul SiH'irly. 
the obleet •i-UiitilW- orgnniration in this*Yiuulry. hut li.ng 
had hi* name on it- rolU. whih- the National Kducathm 
AsHoenttion uf thr I'nitod Staten and the National <\m- 
-ervallou AKsueiatwin Imvc ham foriunat*- in having hint 
a* their pre*4d*nt. 

In addition ti> tbuwc already no-nth ned. bis pnnt*-<l 
writings include tb*» following IsMik*: f%VW Amcrctvit 
Contributions to t'lvllixulimi and other Kmay* i|M»7); 
t'harUn Kluit, lAnil*ea|H* An-hitect U1W2); John <lill«*y 
(1101)1 Tlie Huinty Life i lUtr... Four American IxsmIiTj* 
ItNali: and The Durable Sutinfactu.M .if Life iHltO)- 
Thcse haie U-en iiMitrl last ion* to dKeus**nns wbicb ffffll 
of imtMirtanei* at the uuiment and not likely to b«« oC 
isermaneiit interewt (if ihem m> wiiie* "Tlire*- of ■■*>' 
hook* t mo very small — may hav e noow durability 1* • * 
Happy IJfe; John tlillev, and rbarlcs Kliol, laiiiilju<nfp€fl 
An-hilcet." 

Simcc lit* retin>nient fn»m lie* pri«Mc»*-v of H»i'^ 
I imcr>it,v. Im- Iimk t^miioio d 1o work im rwviotM |rtll*»* M 
itilMVMt* aJaajtj Itftatod to *wh other, which ha\ ** l«»* , H r 
engaged his attention and which he believes tO l**'^"' 
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Artificial Daylight— II" 

Light Sources Suitable for Color-Matching 
By Herbert K. Ives 
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TIIC M.U.TICAL AVIIIICVKHBKT or ABTIFK UL IMYL10HT. 

Iter oar, proceeding to mi account of various ertloVbtl 
da) light* !•»( iih Iwro niTlow briefly the pertinent facts 
ttlMiut dayllcht and color. We have seen (hot daylight 
I- vnrtnt.le, hut that 11 always lies In u class apart from 



lota which an additional factor has born Introduced. It 
Is always desirable to connect any standard with other 
standards; to depend not on a aet of no ta* ileal valve*, 
but on aowe simple mathematical expression which 
may l*> dnrelnped by tbo Introduction of a ftjtp rou 
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Fig. 11. — Typical Welshach mantles compared 
apectrophotofnetrically with daylight. 



the usual urtliirl.il haht auurveti, which latter are In 
uencral of a yellow color. Wo have aeeii how color may 
be exactly measured, anil bavo learned that the. same 
rokir appearance may tie produced In several ways Sot 
oral thooretlcnl ways of prodaelnir artificial daylight 
have been described Finally, by Investigating tbo 
chances In the apparent color of object* under different 
cubara of llglit* we, hare bean lad to formulate the eawn- 
Hiil cliaracti-rbiilr of » rttHcLal dayllcbt; namely. It must 
uot only look like dayllKht, but also be tike II. as shown 
by an analysis of the spectrum. 

In approachliiit the practical aide of the problem II 
Incomes necessary to choose a standard for daylight, 
mid II becouiea nnceamry to know what decree of ap 
proxlaMtlon to the Ust named criterion Is sufficient for 
prsrtleal purposes. It Is also necessary to fay ktten- 
H.si lo the natter of efficiency— the artificial daylight 
mint m l l<e phdilhlltve In cost. 




UJ M 40 .48 .SO J0j .it .06 .58 .60 .63 .44 .64 ifiig 
Violet Blaf Ore*0 Yelk^r Ort oav Rot 
Fig. 1 1 — Transmission of medium lo reduce light 
from 0.5 per cent eerta mantle to cayllgtit. 

Tile •lamlnrd of while light adopted by the writer In 
•lit lt<i] from UN menu of a Urge number of sfwetru- 
|4n»<nnt*4rtc th'tcrmlnatlona of sunlit/hi quoted above, 

•Taper rrsnl Mvtv tin ftaiUdtB Inaticuw uvl yul<U*bnJ In 
to J«+rnal. Oooyrlcal, MU. by Iha Krauklio tnstltato. 
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How closely I* It necessar* In practice lo approximate 
Ihe easel s|N<etrum dl»trlbut|oii „( d:i)Jl<hU Very 
ctotety ludoi<d, biii not ao eim-il) a* lo U> |wri*4illil(ivel% 
•Htttcutt. for thla reason: thai all ordinary colurod gg> 
Jects and coloring materials have rather lone dHTi*-*- 



Fig. 9.— Additive production of artificial Aayllxht. 

a, Mcrcary art ■pectrutn ; l, t* orates amp spectrem ; v, 
csabtaatloa of mercury *** *a4 taaesicn team Haht t« 
make a whltr llslit. 



statrta. It appear*, for Instance, that the white llcht 
•tU^iltl iueotktne<] has to within the 11 ml In of accu 
racy of lta deUrmlaallon the distribution of lutetislly 
ttiruucb the * pert ruin of a perfect Incandcacent aolld or 
black bwlv at .1.01)0 dec (.'cut. absolute: a diatrlbntbm 
ImmevlUitely culcnlable from the laws of black body 
railliitliiit S»i inii.'b f.ir ti wlfntill.- -*.n -l;i"Iii( li 
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Red Blue 
Fig. ML — Illustrating w hit*- appearing lights 
made by combining Ihe mercury arc with other 
Mluminants. 

]. 3, anil 3. Wa»l«<li niaallsa ; 4, tun in tin lamp; i aa4 6. 
tantalam aa J carbon atatas ; >, ixwmirj arc ; f, color of 
duorcacebt rtasetor ; B. aUituru si nirrmry Hcht from 
taaip tod rrOcctor W) with r. 

commercial practice another fact has had lo be given 
wclsht; namely, professional cob>v matchers have 
i.-hn*«rii as their standard lixht the bine north aky. It Is 
•llirtetilt to rbiitiKe the ctisloras of experts, and so it 
becanaa practically necessary to supply u blue sky stand 
ard. For this th* spertrofitKito meter values ctven in 
Flc. 2 serve as a basis. 



40 ,43 .44 44 .46 .00 .03 .04 Ut Ji& .60 .43 .04 .00 .08 ,Tr> 
Vlolat Blus lodlu Crria Tcllaw Oraotf lied 
Fig. 12.— Calculation of dayUght efficiencies of 
different mantles. 

H*celnt; tliey arc uot Isolated, nbarply defined spectrum 
4>>|ora. Conseiiuenlly, If Mich gapa and Irregularlllea or 
ihe artificial daylight spectrum are hrldeed over by the 
reflection spectrum of tbn crlnr tllnmtnnled. they will 
h«d he noted. For lnstnncc, nn lllnmltiant whose spec- 
iruni conabited of twenty Ave or thirty otiually aimced 
lines would probably be hate excellently as a color- 
matching light, provided, of cu-urne, (heir Intensity was 
closely tbflt of the daylight Kportrum at eneh point. An 
expert with a knowledge of the spectrum and of the 
kind of color! nr roeilla used In the arts ran make up 
erlllcat colors ha vine seieml muxlma of reflect hie 
iNwrr In the siicctram, coUip* which tnalch under ocm* 
hirht Iwl mil tinder anorbnr. aixl tttm ihe sreimiolnti-1 
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Fig. 13.— Total efficiency calculations for mantles 
of various com|Kiallle*<a. 



4Z 44 l« .46 .00 .03 .04 .06 .06 SO GZ .64 OS Jftg 

Fig. IS. — Transmission curves of rrnrewntalive 
xlassea and dyes. 

experience of the practical dyer other ci»lors may bg 
foond of similar difficult character. The behavior of 

ttjaji !• -- under nn artificial dii.Olcbr In lis ex 

perUnentn I stares pn>vldea valua Me I u X* irmalloo and 
cnldancc. 

The question of efllcLency will lie on. -M. rc«l In eoti- 
neetliHa with each of the three kinds of am Aria I day 
Until described below. 
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The Drat Und of artificial daylight pootuUited a* 
ptvsible la n light source that has naturally (be same 
H|*vtrum distribution of Intensity as daylight. An lii- 
vviKlcfKVDt black body at 5,000 deg. Cent, absolute would 
hare this dUtrlbutUm. but nich a tern pern turo U no- 
Urcly beyond o«r present ueaim. The same distribution 
could be obtained at much lover temperatures It we 
had available a aeloctlvely radiating substance which 
would give out a com para tl rely small amount of Invisi- 
ble heat radiation and hare a much greater caninslvHy 
at the blue cod of the spectrum (hnn at the red. Such 
a suUttuuce la not yet known, but the materials u*od Lu 
the WeUbach mantle approximate toe cbaroclcriri.es to 
0 degree which Incites as to further study of (beer 
oxides. Another possible way of achieving thU spec- 
trum distribution Is through nun temperature radia- 
tions, as. for liiriunce. by the passage of u current of 
etrctrlrttr through a ntrefled gun which would radiate 
at n HunVU'iit iiuiulier of ware-lengths In (he right pro- 
portion. Such au artificial daylight has lawn found In 
the radiation from tbo curbon dioxide vacuum tube, 
which under the name of the Moore tube has been de 
velfpcd cotnuaerciMlly and Uati deservedly been uwd ti> 
nkh tittM for color-matching work, iih xpec- 
trum cuurisi* of many flue Unett ami liambs no-tln*/ 
giving the color of a light bin* sky and of reasonable 
uniform intensity. The Monro tube l*. bowerer. earn 
para lively Inefficient, uud demacKlM an expensive Instil 
latino of iiltematlog current and transformer to pro- 
duce high potential drawback* which bare prevented 1 
Its extensive use. 

The second kind of artlllcial duyllght 1 wish to treat 
of tore b) one of Interest from the riundpolnt of color 
nioamircment uud theory. So far an concern* the floe*- 
tlon of color matching, this particular daylb:bt namely, 
the one made by nintelUnr [mint of colors lu look like 
daylight— la chiefly vt I injuria ore an Illustrating toe 
pitfalls to be avoided. 

A property of the color triangle above referred to la 
that colore lying on Apposite ride* of a line passing 
through the center of the trlauglr (white) mix to pro- 
duce all colors lying on that line, among them white 
Oonaeuucntty. It !»'*» bap|»eu to He thus on opposite end* 
of a Hoe through the miter of the color triangle. It 
should be poaalblo to make a while uin waring mixture. 
Kxamluatkin of the color triangle. Hit 10, shows that 
the mercury vapor arc Ikw up|N*lte the tungsten lamp. 
OMMtVNtfo If lh*w tWO IHumliuiniM act together the 
iinpearanrc should ta> that of while light. Such Is, in 
fact, the anjaj. White ap|>eii ring light can he no pro- 
duced at au efficiency Numewherv between that of the 
two collHlltUetitH, ii lid while light or thin couriKotfon ts 
to he fouml In soveral place*. The ten*, "additive** pro 
ductloit t.f nrtllfclal uUyllgbt muy be applied to this 
process to distinguish It from the other priKTcsa pres- 
eutly to be dene ri bed an " subtract. I re,"* ThU funicular 
"additive" daylight, ami other* which nr>> apt to tie pro- 
duced e.tpert mentally lu effort* to make a true artificial 
ilsyllght, are characterised by their failure to *how up 
rubies In their true daylight uptearance. The rraxnci 
for the fullnrv of thU particular combination la easily 
wren from the spcrtpicrnm.* of Fig 0, where the tung- 
ajujj lump spectrum l* riionn, with Its deficiency in 
blue; the mercury ore Nportrum, deficient In red. mid 
the oiinliliiittlMii <>f ibo two The hitler is characterized 
by long gup* and trregiiliiriiir*-. The mercury nre- 
tungstun combination is not. therefufe. Malted f"r ***** 
u-w to which It hus wen mlslabeiil) i i' ; namely, toe 
Itlumliiutlou of picture gnllerlnM 

AttiiltiiT example if (hi- aiMtrlve method uf iTodiic- 
lug white llirht Is fuml-lori by the t'ooper Hewitt lamp 
with ttiii»ri»«t>nl reflect i»r. The tlnorvwvtit sulwtarM'e— 
rbodiimlu* — 1m uf n color aitproxlmntely coflopletnenlnry 
to the hue of rlo* uu reury arc. is shown lu the color 
triangle of i*|g. in. where the flaorrwceiit light Is sliown 
«t r. the merenry arc ut 7. and the "white" light nt ft 
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fig. 17.— Spcctropboiom'trie cunw of natural 
and artificial daylight. 



This hi not exactly oo the line yoLolng ? and «V, beoajcae 
the mercury arc light reflected from the rtwdaminc re- 
Hector la deficient in grecu. The real mixture Is be- 
tween F and if. It will be seen that the rewltant color 
Is n purpUab- white (below canter of the trlnngla). This 
light U, unfortunately, not suited for delicate color 
matching, because its spectrum hi merely the mercury 
linen with an orange-red baud added. Large portions of 
the spectrum are inlaafJkf, 




Kig. 14. — Color -matching booth. 




Fig. iv — Manner of using daylight spectacles. 

The next ami on the whole the moat Important, 
method of prvriuchig artlllcial daylight is the vubtrac 
live one; that la, the aoMractlon by abaorptloii of th<**o 
radiations which nu lllumluunt emits In exceaa over 
daylight 

By way of detailed explanation let ua now carry- 
through the various atepe lu the practical production uf 
Mich an artlllcial daylight. Let ua take aa our lllu- 
mlnant to ta> transformed to daylight the Welaboch 
mantle, which, been oar of lta nearer approach to wblto 
ueaa than the usual Incandescent solids, especially roc 
ommenda Itaelf for lite puriKMsr. The ftret step la to 
ilHermlne lta dlatrlbulloo of tnteuKlty throughout tlie 
»<lM<1mm and compare it to that of daylight. At once 
wiguixaiiec must be taken of the fact that the color (In- 
tensity dbttribulloii ) of a muntlc dependa upon tbo rout 
IMwltloti, A laare thorla mantle la much whiter than a 
mantle of pure cerbs, the light of (he latter being, lu 
fact, deep orange-yellow. Fig. 11 aa»wa Hie energy dis- 
tribution of two typical mantles, ciHatalnlug tl.'JTi per 
cent and 0.90 per cent eertu respectively, each cocupan^J 
with daylight under aacb condition* that the Inbenalty 
at the exlrvane tdne end of the K|>vctrnm Is equal. When 
theoo itarn are no plot I ml the apace between the mantle 
enrroa aud the duyllght curve represent* light which 
must be aboorbed. It la obvious that the whiter the 
mil n -if 'I. e., the smaller the percentage of eerla'i Hie 
l*vt light uiUHt tie absorbed lu order to leave daylight 
Ae yet however, the amount of this absorption la not 
•-Aprcsatble In useful comnaraHre units. It la necessary 
to express this In terms of luminosity. This la done by 
repotting the data of Fig. 11. multiply lug the value at 
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Hi a unite Inverted mailt I* the ftgure Is 
■■Mlllim by DMH in cllher rj» sulhclenl for color 
mulching purposes. Tlie absorption of Until liy tbe 
glii-sc- b. about l*. int cent- Tbe del lee has been 



worked <iul In Hie ■••-■111 form partly because the ex- 




A llmllalb 'bU f.irm Is ll« lack of llexlldllty. 

caused U Ibe ncce*.!!? for u»ln* dyed gsdntlns, which 
cun be Ual down only uu n llat plate, Tbe extreme 
desirability of effecting Uic entire iili~wpik.ii through 
glass baa louit been nppamit. and In Ibe Kesc.ir.-h l>b» 
calories of Tbo I nlted On, Improvement Company ■ 
experimental glam plant has been actively co- 
in Ibe problem of producing such glass. All 
known coloring oxide* have been sludloiL and Mr 
Kdw. J. llrndy. In charge of this particular 
bill rccentl) succeeded In pcsluclng u true 
glum. Tli!« glass will -burUs be available for gaa anil 
other lllumlimuu. am) will muke artlllrlal daylight as 
easy to produce at any other artlnelnl Uichl — I 
Minly at a largo coat, to be sure; but In many 
this large rost will be an liuJcnliicuiit lleui compared 
with (lie twelve or tnor* additional working Uoura for- 
I by artificial daylight. 

leaving thb. subject of Hie production of light 
light color, owe of tint methods of imlng the 
iii.-Huni claims attention. Colored objects. It 



not grow by ntm...*', ilii-n'osiag as Ihey do cs|llally woll 
wlum i>l»'0 at one end as when entirely closed. Wben 
•Mi IMJ i Uin«n><i by Hm sw.Uing due to the Inking up 
«f water ni'iliH-ule* into loo*.* ebemieaj iHinibiimtiom and 
bence suck w*b-r int.. the lumen on tin' name principle 
that a lucyele pump wicks in air. Suiiilen shortening, 
duo lo lowering of l.sn|sr»tun'. ej.sls a isiec-ponding 
amount dt wal.r Ir'igi- 1 anil 'i). In the lamo way a 
hollow myelin form may Mil in and throw out one ur 
wore tmaller forms. 

The ImsMTMIJ i»f this absorptive power gives the loug- 
xmirlit < i|ihuinlioii ..f the ..rutin of Ike long threaiUike 
>ul tuhulnr myelin .).a|»^ amine when a milMtanra 

in i, l»,tiul ,1. all li il .. b.l.le. »' il en 

am|4e, allow a thin film of phrenj«in to dry on a slide, 
then introduce fn«b water under the cover itlaw. Pirn 
wart-like elevation* appear here and tboro irV- 31 with 
i<i.rre«jH>nriing drpreaaiune l*n«ith them. By nftftdaf 
up water these warta eioagato into hollow thriMoU, 
Anally hreakiru; awav from the m*" hjr eontrat'tkin 
(fit," 3. 4 and &). If live lll.n U elnarty adja..-ent u, the 



the light incident nM and rellected from I 
It la Immaterial whether the light la objected to the 
day color producta* abaon'llon laiforc or after lt» Incl 
deuce on tbe colored object. Kicept for cimlderaUon. 

be placed vertlcull) 111 front of the booth In rht 1«. 
and tbo colored saniplna placed In the direct light of tb» 
tlliimluant. Adrautage la taken of t 
aiblUty In tbe conatroeikin of tbe . 
ahown III BTJI. IS. Built with a perfectly I 
hood, tbnaa may be worn by the Mirgenci or Ibe colne 
matcher, and when naed with the appropriate light 
aoorec they produce dayUght for him alone, thus obvi- 
ating the iiecvaalty for a ajieHal liooth or room In which 
to do hbi work. Further advantages of this form of 
color-matching device are tbe small amount of special 
i from question* of 

mc roar or a coMrtgw enrv nr iiavi.iomt. 
Tbe qn«rfi.«i iilwa)M nuked about iirllflelnl ilaj light 
I.: How mm h d."-» it cost lo make a eomplele copy of 
daylight BlmllHltol In a nssaif Some ncures which I 
have given elaewbere In winiiis-llon with a sillily of tbe 
distribution of daylight may, therefore, be of luterest 
here. Plensulit dayllghtlng of the NM laknn for stoily, 
■1 room 1« feet by HI feet, was pr..luced when the light 
of the sk, Illuminated tbe whole n.sir of Hie r.««n and 
when Hie wiling wns illuminated by the llghl rellected 
from the street bekiw, while tbe opposite bouwa, which 
were In ahadow, were the only Nbahfa objects risible to 
Ibe uceniNiiita of tb« room. The l-ilght sky. which dona 
most of the lighting of the room, forms a concealed 
light source. The ilistrlhutbm or light from III* window 
as a light source Is shown In elevation In Ktg. HX It 
was fiwind possible by a const ruction of mirrors to 
.-bossy duplicate this distribution and to produce an 
Illumination nlsiut one tenth lhat of real daylight at an 
expenditure of about 300 watts. To secure daylight 
Intensity would buve lakell 2.000 w,tts, whereas If the 
light had all heeo aiil.Jectcd to daylUht producing ab- 
H.nithin It would have required Sn.ntxi wntta. 

If, buwi I ■ i dli; .l.-lr ..ill I .h-li-.-.'l ■llr.. l'i U mi 

llluminatit sTtttloat any waste beat rndtiitiou. It woold 
not only Is. a much more rfllclent pnsvs. than that Indl 
.-ale.1. but even more .fflcl.-nl than any priwiit known 
iiitindal llclit Hoiireo. Instead of 3n,i««» walls, so wnlis 
mold MataB. 

IM IHIHH goal of Hie student of nrtlnclnl diulltlit, 
ll,en f..r.'. Is the iwoilll.tl.iu of doyllght whenever mid 

wherever It Is wanted, distributed H > 

i»-r. al r,. urealer cost than oiir | 



The Ahtiorptive Power of Myelin Uquld Crj-Ul» 
U; H. O. Lrkmann 

Tin. gr.iw1li of the ••iippnrciitly living" myelin crystala 
i.. as I have alrvwly shown, in no »»> r. lnl.sl lo tlml of 
Tranls'-. artihVia! cell*, wherv Inen^iae in srw is .lu.- lo 
InUeital osmotic pn^snre of the contained rtiiid. In- 
.bssl. the inv.iin forms an. in gewral aH containing 
no f.weign fluid, r'urthcrmon.. I have proven lhat even 
Hie hollow my.Jin fornrs >* phroreiMn arel poitatT nn do 

• . r»...i.i. .1 fosu .^svifea • 




of Hie HioletnlHw o-c anions the appearance* vhown in 
rV- 13 it-t. If tliere are conical slmetAiral iliatlirfaaagt* 
at the ends (Pig 14), Hun in ordinary light Hie appoar- 
»r..s. is I loil shown in Ki«T. 1.1. 

If tbo plal^likc molr. nl.-s nr.. gTou|.cd in oo-nvlal 
cylinders around the axis, then the cods are formed as 
shown in fig. Hi. and tig. 17 gi<es tno appoaranco in 
natural light. 

The piei.liur -b»|».« linn, alnorptive liquid cryMala as- 
Kiin»,lli..ir«-b.ngalion intoUiog tluewls by the infiuaing of 
liquid, the putting out or buds and swellings along these 
threads, tbe lanunatKird rtaultant on tbe svioVIimc in of 
-.mailer fornw by largiT (see Kig, IK), are extremely 
•uejtiwtivr of ainular plieiioiiwiia w«-n in living organisms, 
and the analogy, being unique, is of the more talus. 

Tbe minute study of form, tlrui ture and manifesta- 
tion of energy of myelin form* iiromiaes to Is. of |iro- 
found im|y..rt to the iindorstandinK of the tiluctiitna of 
living organistiis ; we are in tbe Is.rderbknd betwoeu 
phyMca and physiology, uln-ady a realm of grand |iro- 
|| I fll'l Bfi 



Hosds Built in l»u.— At the Ainorinan Road Cr 
nssiotly beld »l Atlanta, it wua sUtrd that more than 
18.l»» mlkw of hard surfaced rooda were lajill in lull, 
and lint tlwi annual expendllure in this country for 
roads now amounts to »3I«JI«II).<IUI a roar. It la ap- 
lieeeiated. boaever, that there is great cnrel.^s lusts in 
this work, and it was pointed out that efficient manage- 
ment would effect a sating of at least 25 pur cent, with 
a protiable improvement in th« character of the work 
done 

> lbs fact that we are In a 



Wi wish to call attention to I 
imsJuoo to render competent i 
of patent or trade-nurk work. Our staff la composed 
or mechanical, electrical and chemical experts, tbur 
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